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DATE MAILED: 

NOTICE OF ABANDONMENT 

This application is abandoned in view of:  

1. OApplicant's failure lo respond to the Office letter. mailed 

2 . ~ A p p l i m t ' s  letter of express abandonment which is m compliance with 37 C.F.R. 1.138. 

3.@Applicant's failure lo timely N e  the response received within the period s t  in the Qflicc letter. 

4 . ~ A p p l i c a n t ' s  failure to pay the required issue fee within the statutory period of 3 months from the mailing date of 

of the Notice of Allowance. 

O n e  issue fee was received on A, 
O T h e  issue fee has not been received in Allowed Files Branch as  of^ 

In accordance with 35 U.S.C. IS], and under the provirions of 37 C.F.R. 1.316(b), applicant(5) may petition 
the Commissioner to  accept the delayed payment of the issue fee if the delay in payment was unavoidable. 
The petition must be accompanied by the issue fee. unless it has been previously submitted. the petition fee 
of $15, and a verified showing as to the causes of the delay. 

If appllunt(s) never received rhe Notice of Allowance, a petition for a new Notice of AUowance and withdrawal 
of the holding of abandonment may be appropriate in view of Delgar Inc., V. Schuyler. 172 U.S.P.Q. 513.  

she reason(s) biow.  

Decirion of the PTO Board of Appeals adverse to applicant. 

PTOL-1432 
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Appeal No. 423-46 

UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE BOARD OF APPEALS 

Paper NO. 21 

rad 

Application for Patent filed December 28, 1976, Serial 
No. 755,100. Agent and Method for the Early Detection of 
Pregnancy. 

Allen H. Uzzell et a1 for appellant. 

Before Magi1 and Merker, Examiners-in-Chief, and 
Pellman, A c t i n g  Examiner-in-Chief. 

Pellman, Acting Examiner-in-Chief. 

This is an appeal from the examiner's decision finally re- 

jecting claims 12 through 19, all of the claims in the application. 

The subject matter on appeal relates to the detection of 

pregnancy in humans within the first two months after conception 

through the use of a detection agent containing antibodies to a 

plurality of pregnancy-specific proteins, said agent's prepara- 

tion involving the employment of term placental pregnancy-specific 

proteins. TO provide a nore detai1e.d description of the detection 

method,claim 1 7 ,  the only independent claim, is reproduced as 

f 01 lows : 
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17. A method of detecting the existence of pregnancy in 
humans comprising obtaining serum or urine from a patient within 
about two months of suspected conception, contacting said serum 
or urine with a pregnancy detection agent containing antibodies 
to a plurality of pregnancy-specific proteins, and observing 
whether antibody/antigen reactions occur, the occurrence of at 
least one antibody/antigen reaction being indicative of preq- 
nancy, said pregnancy detection agent prepared by the method 
comprising 

(a) first providing a mixture of term placental proteins 
containing antigenic pregnancy-specific proteins; 

(b) contacting said mixture of term placental proteins with 
antibodies raised against either pregnancy-specific proteins or 
normal human serum proteins to cause said antibodies to react 
with pregnancy-specific proteins or non-specific antigenic pro- 
teins contained in said mixture: 

(c) separating the reaction products of step (b) from the 
remainder of the term placental protein mixture to provide a 
mixture of antigenic pregnancy-specific proteins isolated from 
non-specific antigenic proteins: 

(d) innoculating a host animal with said mixture of antigenic 
pregnancy-specific proteins to cause said host animal to raise 
antibodies to a plurality of pregnancy-specific proteins; and 

(e) isolating antibodies to said plurality of pregnancy- 
specific proteins from antibodies to non-specific human proteins. 

As evidence of obviousness, the following references have 

been cited by the examiner: 

Bohn et a1 (Bohn) 4 , 0 6 5  I 4 4 5  Dec. 2 7 ,  197: 
Jankow sky 2 I 2 4 0 , 3 2 7  Mar. 1 4 ,  1974 

(German Of fen- 
legungsschrift) 

Hofmann et a1 (Hofrnann) I Arch. Gynak 2 0 8 ,  1 8 7 - 1 9 5  ( 1 9 6 9 ) .  
Hofmann et a1 (Hofmann ' 7 0 ) ,  Arch. Gynak. 2 0 8 ,  2 6 6 - 2 7 4  ( 1 9 7 0 ) .  
Lin et a1 (Lin), Am. 2. Obstet. Gynecol. 118, 2 2 3 - 2 3 6  ( 1 9 7 4 ) .  
Brock et a1 (Brock), G. Gynak. !37, 2 8 1 - 2 8 7  ( 1 9 7 5 ) .  

All of the claims stand rejected for being based upon an is- 

sufficient disclosure ( 3 5  USC 112, first paragraph). Additionally, 

all of the claims stand further rejected for being unpatentable 

( 3 5  USC 1 0 3 )  over Hofmann or Hofmann ' 7 0 ,  or over Brock taken 

with Bohn or Jankowsky. 

With respect to the rejection under 3 5  USC 1 1 2 ,  the examiner 

contends that no specific embodiment is disclosed. A declaratic- 

under 3 7  CFR 1 . 1 3 2  by Dr. John E. Caton has been dismissed as 

merely setting forth an opinion as to doubleimmunodiffusion, al- 

though "the claims are not directed thereto" (Answer, page 4 ) .  

- 2 -  
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Also, the decision in parte Krenzer, 199 USPQ 227 (PTO Bd. 

App. 1978) has been distinguished on the basis of the relative 

complexity of the subject matter involved herein. 

After considering the examiner's remarks in light of the 

present disclosure, all of the cited prior art and appellant's 

arguments, we do not find the rejection based upon 35 USC 112 to 

be sustainable. 

Examples are not needed for everything claimed: In re Anderson, 

471 F.2d 1237, 176 USPQ 331 (CCPA 1973). While an application must 

comply with the disclosure requirements of the statute to be patent- 

able, said disclosure embraces not only what is expressly set forth 

in words or drawings, but what would be understood by persons 

ere 

e w  and 

known 

is as if it were written out in the application: In re Folkers et 

al, 5 2  CCPA 1 2 6 9 ,  344 F.2d 970, 145 USPQ 390 (1965); In re Howart."., -- 
654 F.2d 1 0 3 ,  2 1 0  USPQ 689 (CCPA 1981). Judging the present spec;- 

.& 

noted above and givlng 'appropriate weight 

to Dr. Caton's declaration, we hold that the examiner has failed 

to support her position. That is, we are aware of no evidence 1 ~ ~ -  

dicating that the present invention is unusually complex and wou:: 

require an unusually detailed disclosure. On the contrary, w i t h  

the exception of certain specific variations discussed below, it 

4 
%5 

appears that those skilled in this art were well aware of the 

preparation and use of the present detection agents. This reje:- 

tion, therefore, is reversed. 

However, we shall sustain the rejection of the claims under 

4 Section 103 because we are convinced that the claimed invention 

would have been obvious from the cited prior art taken as a whc:. .  

Hofmann extracts protein from the placentas of women who ha: 

experienced pregnancies of normal term and spontaneous birth ( ~ 1 : .  

The author observes that he ultimately obtained a solution "C" 

which served as innoculating material for the preparation of a 

.- 

4 
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polyvalent antiplacenta sera (page 3 ) .  A rabbit was innoculated 

with the antigenic material and, after checking the antibody titer 

by the Ouchterlong test and immunophoresis, the author bled the 

animals and recovered the sera (page 4 ) .  After describing other 

work, Hofmann reports that his "findings prove the existence of 

several pregnancy-speclfic antigens" (page 8). While the report 

fails to state that the polyvalent sera may be used to detect 

pregnancy within one or two months of conception, such early use 

is clearly implied by the noted publication item. As acknowledged 

by appellant, after " 2  months, pregnancy is reliably detectable 

by well-known external symptoms" (specification, page 1 2 ,  lines 8 - 9 1 .  

Accordingly, any useful test would ordinarily be designed for the 

initial two months of pregnancy to permit prompt prenatal super- 

vision. Compare Bohn, Col. 2 ,  lines 3 - 1 1 .  

At page 9 of the brief appellant asserts that neither "of the 

primary references describes pregnancy detection." However, one 

must take into account not only the specific teachings of the refer- 

ences, but also the inferences one skilled in the art would reason- 

ed to draw therefrom: = = Preda, 56 CCPA 706, 4 0 1  

USPQ 3 4 2  (1968). See also In re Howarth, supra. 

rs ing  the rejection, appellant argues that, as shown 

s 1-3 (accompanying the brief), it would not have 
- 

been obvious to use antiserum raised against term placental tissue 

to test for pregnancy within the first two months because the 

proteins present in a woman's serum and urine are known to vary 

considerably during the course of her pregnancy (brief, pages 9-10]. 

Nevertheless, we observe that Bohn prepares pregnancy-specific test 

material from placentas of unspecified periods of pregnancy. Said 

periods, however, would seem to include both full term (Examples 1 

and 3 ) ,  as well as less than full term (col. 1, lines 1 6 - 2 1  and 

1 . claims 2 and 8). In this connection, we believe there is good -- 
reason to assume that where no period is specified (e.g., Example l), 

4 -  
1 
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full term is involved because less than full term is always identi- 

fied (e.g., Example 2). Therefore, since Bohn obtains the same 

pregnancy-specific glycoprotein from all the placentas processed, 

a person skilled in this art would have reasonably expected that 

at least more than one of the proteins recovered by Hofmann like- 

wise would be present throughout pregnancy. 

A further argument presented by appellant (brief, page 91 is 

that: 

Neither of the primary references isolates the 
pregnancy-specific protein fraction prior to 
injection into the host. As pointed o u t  in 
appellant's specification (page 5, lines 21-32) 
this step results in an antiserum capable of 
providing more bands of precipitation in sub- 
sequent pregnancy tests because the animal's 
immune response is directed toward only 
pregnancy-specific proteins. 

Nonetheless, appellant has acknowledged that workers had al- 

ready determined that some of the proteins recoverable from pla- 

centas were non-specific for pregnancy. See page 2 of the instant 

specification. Moreover, Hofmann '70 eliminates all normal blood 

serum proteins and recognizes that more than one pregnancy-typical 

-. antigen is present in placental fractions. Merely eliminating the 

non-specific proteins prior to injection into the host, instead of 

afterwards, by employing an old technique in this art, would have 

been well within the expertise of a person having only routine skill 

-F in the instant field. 
d 

Appellant has argued the patentability of claim 18 separately, 

urging that the use of the pregnancy test within about one month 

of conception would have been unobvious. While it would have been 

anticipated that such a test would be less reliable during the first 

month of gestation, as indicated by appellant's Exhibit I, the two 

examples at page 15 of the present specification are statistically 

inadequate to establish unexpectedly better results. Compare In re 

Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA 1980). Additionally, it 

will be observed that in said two examples the time since conception 

-5- 
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was necessarily estimated and was three or f o u r  weeks after con- 

ception. This further reduces the weight to which such evidence 

might be entitled. 

Accordingly, f o r  the reasons discussed above, the examiner's 

decision rejecting claims 12 through 19 is affirmed. 

AFFIRMED 

James E. Denny 
U.S. Dept. of Energy 
Mail Station CXXI A2-3018 GTN 

Washington, D.C. 20545 
(GC-42) 

Examiner-in-ChJief 

) BOARD 
Examiner-in-Chief ) OF 

APPEALS 1 
1 

Exami n&- in- Chie f ) 
(Acting) ) 
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James E. Denny 
Assistant General Counsel fo atents 
United States Department of Energy 

Washington, D. C. 20545 
FCT;CA?'lE3 TO _ _ _ _  
DATE B r  h% 

1 ADDlic- t . Davi'd w. Holladay .. 
Serial SO.: 755,100 GROUP 120 . -  1 

3 .  
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1 
1 . '. 

: December 28, 1976 
: AGENT AND METHOD FOR THE EARLY 

Filed 
For 

DETECTION OF PREGNANCY ', . . ,  .-. J L < .  . - -- 
Receipt is acknowledged of the following for the above-identified case: 

0 
0 
0 
( 
0 
0 
0 
0 
0 
cwr1 
btx 1 

Response to Office Action dated 
Letter to Draftsan 
Affidavit/Declaration 
Fee Authorization 
Application with ( ) Sheets Formal Drawings 
Disclosure u/37 CFX 1.56 
PTOL-85b Base Issue Fee 
PTO-1094 with ( ) Sheets Formal DraTJings 
Notice of Appeal 
Appointnent of Attorcey -- 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Appeal Brief 
Amendment under Rule 312 
Petition 
Directive u/Sec. 152 
Withdrawal of Directive 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant : David W. Holladay 

Serial No.: 755,100 

Filed : December 28, 1976 

For : AGENT AND METHOD FOR : 
THE EARLY DETECTION OF : 
PRE GNAKCY 

: APPEAL NO. 423-46 

: GROUP 120 

: Examiner: A. Fagelson 

. .  .. .. .. .. .. .. . .  . .  .. . .  .. 
APPOINTMENT OF ATTORNEY 

The Commissioner of Patents and Trademarks 
Washington, D. C. 20231 

Sir: 

The undersigned assignee of the entire right, title and interest 

in and to the above-identified application by virtue of an assignment 

to the United States Government as represented by the United States 

Department of Energy, hereby revokes any and all previous powers of  

attorney in the above-identified application. 

forwarded to the Patent and Trademark Office for recordation 

February 11, 1977, recorded in Reel 3389, Frame 810 on February 16, 1977. 

The assignment was 

And the assignee hereby appoints James E. Denny, Registration 

Number 18863; Richard G. Besha, Registration Number 22770; 

Jack Q. Lever, Jr., Registration Number 28149; Michael F. Esposito, 

Registration Number 29506; and Stephen D. Hamel, Registration 

Number 22220, for whom the address is United States Department of 

Energy, Mail Station CXXI A2-3018 GTN (GC-42), Washington, D. C. 

20545 its attorneys to prosecute this application and to transact 

all business in the Patent and Trademark Office connected therewith. 

All communications are to be addressed to James E. Denny at the 

above address. 

UNITED STATES GOVERNMENT AS REPRESENTED 
BY THE UNITED STATES DEPARTMENT OF ENERGY 

Dated: AUG 1 ;;?3 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant : 

Serial No.: 

Filed 

For 

. . . . . .  1 .  

David W. Holladay 
: APPEAL No. 423-46 

: GROUP 120 

: Examiner: A .  Fagelson 

755,100 

December 28, 1976 

AGENT AND METHOD FOR : 
THE EARLY DETECTION OF : 
PREGNANCY 
.. .. .. . .  .. . .  .. .. 
CONFIRMATION OF REQUEST FOR ORAL HEARING 

The Commissioner of Pat&& wnd' Trademarks 
Washington, D. C. 20231 

Sir: 

In accordance with the NOTICE OF HEARING (Paper No. 17) from 

the Patent and Trademark Office dated July 17, 1980, with respect 

to the above-identified application, Applicant hereby confirms his 

request for an oral hearing as scheduled at 9:00 a.m. on 

November 17, 1980. 

Respectfully submitted, 

Attorney for Applicant 

Dated: &i;: i :. J 
Gewantown, Maryland 

353-5093 



U S .  DEPARTMENT OF COMMERCE 
Patent  and Trademark Office 
Address COMMISSIONER OF PATENTS A N 0  TRADEMARKS 

Washington, D C 20231 

0 0 
James E. Denny 
Asst. Gen, Counsel For Pat. 
U. S, Energy Res. & Dev. AQnin. 
Washington, Dc 20545 

Paper No. 17 

Mailed: July 17, 1980 
Appeal No: 423-46 

Serial No: 755100 
Appellant: David W. Holladay 

Hearing 
Docket: A 

Date: Nov. 17, 1980 
Time: 9:OO A.M. 

Place: Room l l C 2 8  CP2 
2011 Jefferson Davis Hwy. 
Arlington, Va. 

NOTICE OF HEARING 
CONFIWATION REQUIRED WITHIN TWENTY-ONE DAYS 

Your attention b directed to 37 CFR I.L94(r); July 1, 1917. 
The appeal in the above identified case  will be heard by the Board of Appeals on the date indi- 
cated. Hearings will commence at  the t i m e  set  and a s  soon a s  the argument in one case is con- 
cluded, the succeeding case will be taken up. 

The time allowed for argument i s  cwenty minutes unless additional time i s  requested and permitted 
before the argument i s  commenced. 

CONFIRMATION OF THE REQUEST FOR ORAL HEARING, WHICH HAS BEEN SET A S  NOTED 
ABOVE, IS REQUIRED WITHINTWENTY-ONE DAYSFROM DATE OF THIS NOTICE. 

NOTE: Failure to confirm will be construed as a waiver of the request for the hearing. However, 
the counesy of actual  notification that the request for hearing i s  being waived will enable the 
Board to  make the m o s t  effective use of its hearing facilities. 

By Order of the Board of Appeals. 

Clerk of Board 
(703) 557-3393 

Please  refer to Appeal Number in a l l  communications concerning this case.  



James E. Denny 
Assistant General Counsel for Patects 
United States Departnent of Energy 

Washington, D. C .  20545 

1 
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Serial No. : X V , ~ - -  

Filed : LLc--. Lc, LS7b ) GROUP 1 2 ~  
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Receipt is acknowledged of the following in the above-identified application: 

( ) Response to Office Action dated 
( ) Letter to Draftsman 
( ) Affidavit ( ) Petition 
( ) Notice of Appeal ( ) Appeal Brief 
( ) Fee Authorization ( ) Amendment under Rule 312 
( ) Appointment of Attorney ( ) Directive 
( ) PTOL-85b Base Issue Fee 
( ) PTO-1094 vith ( ) Sheets Formal Drawings ( ) Withdrawal of Directive 
(Xd 70-il; ., I ,:*- i - , *  ,l'rarc 0 
0 ~ 0 - 
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I N  THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: David W. H o l l i d a y  

SERIAL NO. : 755,100(70) : GROUP 120 

FILED: December 28, 1976 : EXAMINER 

FOR : AGENT AND METHOD FOR THE EP.RLY 
A. Fagelson 

DETECTION OF PREGNANCY 

REPLY BRIEF TO EXAMINER'S ANSWER 

The Comnissioner o f  Patents  & Trademarks 
Washington, 13. C. 20231 

S i r :  

T h i s  i s  a Reply B r i e f  t o  t h e  Examiner's Answer o f  August 21, 

1979. 

THE NEW ARGUMENTS 

I n  t h e  Examiner's Answer, t h e  f o l l o w i n g  arguments were made f o r  

t h e  f i r s t  t ime:  

(a)  The D e c l a r a t i o n  o f  Dr .  John E. Caton i s  i n s u f f i c i e n t  because 

i t  r e f e r s  t o  a double imnunod i f f us ion  t e s t  no t  r e c i t e d  i n  t h e  

c la ims.  

The c l a i m  l i m i t a t i o n s  t h a t  t h e  pregnancy d e t e c t i o n  agent (b)  

c o n t a i n s  an t i bod ies  t o  a p l u r a l i t y  o f  t e rm p l a c e n t a l  ant igens 

a r e  e n t i t l e d  t o  no weight because t h e  s p e c i f i c a t i o n  d i d  no t  

d i s c l o s e  t h e  " c r i t i c a l i t y "  o f  t e rm p lacen tas  o r  t h e  problem 

of f a l s e  r e s u l t s  i n  t e s t s  capable o f  d e t e c t i n g  o n l y  a s i n g l e  

ant igen.  

The Examiner's f i r s t  new argument i s  w i t h o u t  m e r i t .  It i s  c l e a r  

t h a t  t h e  t e s t s  desc r ibed  i n  t h e  s p e c i f i c a t i o n  a t  page 14, l i n e  31  

th rough  page 16, l i n e  11, were Ouchter lony double i m u n o d i f f u s i o n  t e s t s  

as desc r ibed  i n  Dr .  Caton's Declarat ion.  

t e s t s  u s i n g  e a r l y  pregnancy sera were desc r ibed  as double d i f f u s i o n  

Note t h a t  t h e  imnunologica l  
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t es t s  (page 15, l ine 21) and t h a t  plates were used as diffusion medium 

(page 15, l ine 5 ) .  The Examiner has failed t o  challenge the facts set 

forth i n  Dr. Caton's Declaration and has failed t o  identify any aspect 

of the claimed method which i s  not  ei ther well known or readily ascer- 

tainable by those of ordinary ski l l  i n  the art with a minimal amount of 

routine testing. 

The Examirler would limit the claims t o  the specific double dif- 

fusion method of the example, or else require a detailed example of 

each of the qyriad methods by which workers in the art routinely carry 

o u t  immunological tes t s .  Such examples would be redundant and are 

clearly not required where, as here, applicant has provided a novel 

imunological pregnancy detection agent which can be used by any of the 

well-known methods of carrying o u t  antibody/antigen reactions. 

The Examiner's dist inction of the present case from Ex parte 

Krenzer i s  illusory. 

urine with the pregnancy detection agent which i s  complex. 

i s  simple and i s  performed routinely by workers i n  the a r t  as shown by 

the a r t  of record. Any complexity in the claimed method l i e s  i n  the 

preparation of the detection agent, which i s  described in the minutest 

detail .  The Examiner has failed t o  specify a single deficiency in the 

specification which would prevent one of ordinary ski l l  in the a r t  from 

carrying o u t  the claimed method. 

I n  the second new argument, the Examiner takes the position t h a t  

I t  i s  not the step of contacting the serum or  

This step 

specific claim limitations need not be considered because broader 

language i n  the specification described certain of the limitations as 

preferred. This approach i s  clearly improper and would eliminate 
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a p p l i c a n t ' s  r i g h t  t o  r e t r e a t  t o  an o the rw ise  p a t e n t a b l e  species merely 

because he thought  he was f i r s t  w i t h  t h e  genus. 

F.2d 1008, 194 USPQ 187 (CCPA 1977); I n  r e  Saunders 444 F.2d 599, 170 

USPQ 213 (CCPA 1971). 

I n  r e  Johnson 558 

It i s  immate r ia l  t h a t  t h e  s p e c i f i c a t i o n  does n o t  d iscuss t h e  

problems o f  f a l s e  nega t i ves  p reva lan t  i n  p r i o r  a r t  t e s t s  based on a 

s i n g l e  ant igen.  

mented i n  t h e  record. 

c l a i m  l i m i t a t i o n s  t h a t  a p l u r a l i t y  of pregnancy s p e c i f i c  an t i bod ies  are 

p resen t  and improper l y  r e j e c t i n g  t h e  c la ims  based on broader language 

i n  t h e  s p e c i f i c a t i o n .  

T h i s  problem i s  w e l l  known i n  t h e  a r t  and f u l l y  docu- 

Again t h e  Examiner i s  d i s r e g a r d i n g  t h e  s p e c i f i c  

There i s  no need f o r  a showing o f  c r i t i c a l i t y  f o r  t h e  use o f  term 

p lacen tas  as opposed t o  f i r s t  month p lacentas o f  Jankowsky because t h e  

use o f  t e rm p lacen tas  i s  n o t  p r i m a  f a c i e  obvious. 

Jankowsky method had been f u l l y  e q u i v a l e n t  t o  t h e  c la imed method, the  

r e j e c t i o n  would be improper because such equiva lency was n o t  appre- 

c i a t e d  i n  t h e  p r i o r  a r t .  

pregnancy d e t e c t i o n  u s i n g  an t i bod ies  t o  a m i x t u r e  o f  t e rm p lacen ta l  

p r o t e i n s  t o  be obvious, then: 

Even i f  t h e  

I f  t h e  p r i o r  a r t  had considered e a r l y  

Jankowsky would n o t  have l i m i t e d  h i s  p a t e n t  t o  t h e  use o f  

sca rce  f i r s t  month p lacentas ; 

t h e  p r i o r  a r t  pregnancy t e s t s  would n o t  have been based on a 

s i n g l e  a n t i g e n  which was known t o  cause f a l s e  negat ives due 

t o  low c o n c e n t r a t i o n  i n  e a r l y  pregnancy; and 

t h e  workers d e t e c t i n g  a p l u r a l i t y  o f  t e rm p lacen ta  ant igens 

i n  l a t e  pregnancy sera would have suggested t h e i r  use f o r  

e a r l y  pregnancy detect ion.  
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Since the prior a r t  fa i led t o  suggest or recognize the clear advantages 

of the use o f  a mixture o f  term placental pregnancy specific a n t i -  

bodies, there is  no need for the claims t o  be limited t o  the antibodies 

and antigens used i n  the examples, especially where any contemplated 

variation i n  antibody content i s  well w i t h i n  the sk i l l  o f  the art. 

I n  view o f  the above and the arguments previously submitted, the 

Examiner's rejections under  35 USC 103 and 35 USC 112 are improper and 

should be overruled. 

Respectfully submitted, 

&4h'U. 
Attorney for applicant 

Oak Ridge, Tennessee 

Uzzell (FTS-626-1076) (Comnercial 615-576-1076) 

August  31, 1979 
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A BAIEF DESCRIPTICN OF THE REFERENCZS: 

The p a t e n t  t o  3ohn e t  a l .  shows t h e  i s o l a t i o n  of 3- 

- g l y c o p r o t e i n  from p l a c e n t a ,  o r  Slcljd prznancy  s p e c i f i c  

or u r i n e  of p r e g n a n t  wopTen. A n t i s e r a  may b e  p repa red  

t he re t c  by t h e  c o n v e n t i o n a l  means.Such c e r a  can b e  

employed as an  a d s o r b e n t  i n  t h e  isolation and p u r i f i c a t j w  

of t h e  -g lyc 'op ro te in  from serum o r  u r i n e ,  o r  t h e  

antisera may b e  employed i n  v a r i o u s  t e s t s  f o r  pregnar.cjr 

(column 2 ,  p a r a g r a p h  1). Phosphate  b u f f e r s ,  e t c .  ma:; ke 

employed i n  the  e x t r a c t i n g  mediumr(201umn 2 , l i n e s  12-25) 

When the  p r o t e i n  I s  i s o l a t e d  from p l a c e n t a ,  i t  i s  

p e T c i p i t a t e d  from t h e  zqiie;l/ous e x t r a c t  with i n a r g a n i c  

sa l t s  s u c h  as  ammonium s u l f a t e  o r  soaiurn su1pl;ate ( . , - o ? L A I ~  

3, p a r a g r a p h  1). 

of Bohn e t  a l .  i s  s t a t ed  t o  b e  90-95$ p u r e  (Example  4 ,  

column 7). 

The pregnancy s p e c l f c  p i -  glycop?ote i ! :  

Jankowsky t e a c h e s  t h e  F r c p a r a t i o n  of e x t r a c t s  

from p l a c e n t s  and nixLng same w i t h  h m a n  c h o r i o n i c  

gonadotropin f o r  u s e  ;is 8n a n t i g e n  i n  t h e  p repa r%t ion  r ?  

antisera t h a t  i s  (.ir;:plcy?d ir. enr1.y d e t e c t i o n  nethrr?  fc,! .  

p regnancy .  

Hofman (1 o r  2 )  shows t h e  i s o l a t i o n  of pregnar!cY 

s p e c i f i c  a n t i g e n s  from p l a c e n t a  by e x t r a c t i n g  same w i t i l  

aqueous s o l u t i o n s  which i n c l u d e  phozpt ,z t?  b d f  ?e?. 

p r o t e i n s  a re  t h e n  p r e c i p i t a t e d  F i l m  t h e  superiatanc wicr> 

anmonium s u l f a t e .  The  p r e c i p i t a t e d  p r o t e i n s  a r e  incc:; ls:  o d  

The 
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i n t o  a n i m a l s  such  as r a b b i t s .  T h e  a n t i s e r a  from tt1.e 

r a b b l t  b lood  i s  absor'bed w i t h  normal  b lood  serurr. which 

e l i m i n a t e s  t h e  a n t i b o d i e s  a g a i x t  t he  normal  p r o t e i n  

( t r a n s l a t i o n  page  11, a r t i c l e  pub. 1970 s e c t i o n  ''Pi 

Demonst ra t ion  o f  F~~e&r ,ar ,cy  - T y p i c a l  4 n t i g e n s  i n  P r o t e i t  : 

of Human P l a c e n t a " ) .  The a n t i s e r s a  msy be emplcyed 

i n  d e t e c t i o n  c f  a n t i g e n s  i n  pregnancy .;(2rum, o r  otiic-r 

s t u d i e s .  

L i n  shows t h e  p r e p a r a t i o n  of  s n t i s e r a  i n  r abb i t :  

a g a i n s t  t h i r d  t r imes ter  human preanancy  plasmarThe 

imqunog lobu l i c s  were s a l t e d , a n d  enployed  i n  t e s t i n g  fc r  

v a r i o u s  pregnancy  a s s o c i a t e d  a n t i g e n .  T h i s  r e f e r e n c e  is 

deemed cumula t ive  and w i l l  n o t  bi? m a i n t a i n e d .  

J J  

Brock shows t h e  e x t r a c t i o n  of  p l a c e n t a  w i t h  

phospha te  buffer, p r e c i p i t a t i o n  o f  t h e  p r o t e i n s  w i t h  

ammonium s u l f a t e ,  immuniza t ion  of a n i m a l s  w i t h  t h e  extracted 

p r o t e i n ,  a b s o r p t i o n  o f  t h e  a n t i s e r a  w i t h  human serum. 

Some p r o t e i n s  were found 2 e a i n s t  p regnancy  serum_ as w e l l  

as p l a c e n t a l  % i s s u e  and f e t a l  serum depend ing  on t h e  

on the a n t i g e n s  employed i n  f u r t h e r  a b s o r p t i o n  s t u d i e s .  

THE REJECTION 

The c l a i m s  s t a n d  r e j e c t e d  unde r  35 U S C  1 1 2  

( p a r a g r a p h  1) a s  b e i n g  based  upon a n  I n s u f f i c L e n t  d i s c l o z u r p  

f o r  r e a s o n s  of r e c o r d .  No s p e c i f i c  embodiment i s  r,otec! 

w i t h  r e s p e c t  t o  any s p e c i f i c  method o f  " d e t e c t i n g  t h e  

e x i s t e n c e  o f  pregnancy i n  humans", t o  which t h e  clairnc 

. .. . - .- .... - - - . . 
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are d i r e c t e d .  The d e c l a r a t i o n  of Caton unde r  

37 CFR 1 . 1 3 2  i s  deexed t o  merely s e t  f o r t h  an  o p i n i o n  

tha t  he would b e  a b l e  t o  conduct  "double  i r m u n c d i f f u s i J n " .  

However, t h e  c l a i m s  a r e  no t  d i r e c t e d  t h e r e t o  and t h e  

d i s c l o s u r e  only  l n d i c a c e s  " i m m u n o d i f f 1 ~ s i a n " ~ p a g e  1 2 ,  

p a r a g r a p h  1). 

a p p e l l a n t s , r e l a t e s  t o  t h e  u s e  h e r b a c i d e s  and n o t  t h e  

development  o f  p a r a m e t e r s  and c o n d i t i o n s  f o r  t h e  

per fc rmance  of  a t e s t  i n v o l v i n g  a complex sys tem of 

r e a g e n t s .  A p p e l l a n t s  a l l e g e  t h e i r  p r o p o r t i o n  of  a n t i g s z s  

and sera t o  sosehow d i f f e r  i n  k ind  f rom t h e  work o f  other:. 

,qq a 4 5 4  2*7 
Ex p a r t  Krenzer  c i t e d  b;r 

4 

T h i s i s  i m p o s s i b l e  t o  so de te rmine  s i n c e  i t  i s  n o t  knovm 

how a p p e l l a n t s  d e t e r m i n l d  t h e  a l l e g e d  unexpec ted  r e s u l 2 s .  

The c l a i m s  a r e  f u r t h e r  r e j e c t e d  unde r  35 USC 103 

as obvious o v e r  Hoffmznn 1 o r  2 ,  o r  Brock c o n s i d e r e d  w i t h  

Eohn o r  Jankowsky. No p a t e n t a b l e  merit i s  see i n  secu?ir ,z  

t he  p r o t e i n s  t 3  pregnancy  by t h e  means known i n  t h e  a r t  

or in removlnp, u n d e s i r e d  a n t i g e n s  o r  a n t i b o d i e s  dependir,:, 

on t h e  p u r i f i c a t i o n  o r  a b s o r p t i o n  p r o c e d u r e s .  

G f  Bohn, f o r  example ,  i s  no ted  t o  b e  r e l a t i v e l y  p u r e .  

It is Pot  known, however ,  what a n t i g e n  or a n t i g e n s  

-- 
The an t ig r -n  

a p p e l l a n t s  are conce rned  v : i t k :  s i n c e  t h e  p u r i f i c s t i o n  
- 
i n;eans employed may g i v e  d i f f e r e n t  end r e s u l t s .  I t  i s  

n o t e d ,  however ,  i n  ;he s p e c i f i c a t i o n  page 4 va-ious 

s o u r c e s  may b e  employed f o r  t h e  pregn2ncy - s p e c i f i z  

? r o t e i n s .  N e v ? r t h e l e s s  t h e  s p e c i f i c a t 3  cn  page  4 ,  l l r?e-  

27-29 s ta tes  t h a t  "w:q!.:.? i t  has  been f1,uncl t h a t  t h e y -  

- 
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are norma l ly  severa j .  z.r-,tigenic pregnancy  - s p e c i f i c  

p r o t e i n s  p r e s e n t  i n  pregnancy  - a s s o c i a t e d  m a t e r i a l ,  

o n l y  one  need b e  o r e s e n t  f c r  pu rposes  of  t h e  i n v e n t i o n "  

( u n d e r s c o r i n g  a d d e d ) .  Thus ,  a p p e l l a n t s  a l l e g a t i o n s ,  

f o r  example, on page 1 0 ,  p a r a g r a p h  2 of t h e  Rr i e f ,  

tha t  "a s i n g l e  p r o t e i n  p roduce  f a l s e  n e g a t i v e s "  is 

c l e a r l y  n o t  suppor t ed  by  t h e  s p e c i f i c a t i o n .  It i s  

a l s o  n o t e d  on page 3 of t h e  s p e c i f i c a t i o n  l i n e s  17-18 

and page  4 ,  l i n e s  2 2 ,  t h a t  t h e , s o u r c e  o f ' l p l acen ta s ' i s  

mere ly  p e r f e r - e d  2nd n o t  i n d i c a t e d  t o  b e  c r i t i c a l .  

proRi" 

Also  t h e  o n l y  ment ion  of "term p l a c e n t a "  appears on 

page 1 2  o f  t h e  s p e c i f i c a t i o n  l i n e  i o f  Example 11. 

t o @  i s  n o t  i n d i c a t e d  t o  b e  a c r i t i c a l  matter.  T h u s , i t  i z  

n o t  seen t h a t  t h e  c la lmed d i a g n o s t i c  method I s  r ende red  

p a t e n t a b l e  p a 3 i c u l a r l y  i n  view of t h e  f a c t s  1) t h a t  

appe  11 a n t s  ,,c on t end t h a t  . . such  method would be w i t h i r .  t h e  

purv iew of t h e  r o c t i n e e r  i n  t h e  a r t ;  

employed i n  t h e  p r e p a r a t i o n  o f  a n t i s e l - a  f o r  zuch t e s t s  

are known and 3 )  t h a t  t e s t s  f o r  pregnancy employing anti;err. 

t o  p l a c e n t a l  e x t r a c t s  a r e  known. 

T h i s  

i n  j*Cr 

2 )  t h a t  t h e  protci:i: 

Fo r  t h e  r e a s o n s  above s e t  f o r t h  t h e  f i n a l  r e j e c t '  "Lor; 

i s  deemed t o  be  p r o p e r  and shou ld  b e  Yus ta ined .  

AFagelson : f p b  

(703) 557-2577 

6-16-79 
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BRIEF ON APPEAL 

This case comes before the  Board o f  Appeals because of the Final 

Re jec t ion  o f  claims 12-19, a l l  o f  the claims remaining under con- 

s ide ra t i on  i n  the  appl icat ion.  

ORAL HEARING --- 
Appl icant requests t h a t  an ora l  hear ing be granted i n  t h i s  case. 

CLAIMS ON APPEAL 

17. A method of de tec t i ng  the existence o f  pregnancy i n  humans 

comprising ob ta in ing  serum o r  u r i ne  from a pa t i en t  w i t h i n  about two 

months o f  suspected conception, contact ing said serum o r  u r ine  w i th  a 

pregnancy de tec t ion  agent containing ant ibodies t o  a p l u r a l i t y  of 

pregnancy-specif i c  proteins,  and observing whether antibody/antigen 

reac t ions  occur, the occurrence o f  a t  l e a s t  one antibody/antigen reac- 

t i o n  being i n d i c a t i v e  o f  pregnancy, said pregnancy de tec t ion  agent pre- 

pared by the  method comprising 

(a )  f i r s t  p rov id ing  a mixture o f  term p lacenta l  proteins con- 

t a i  n i  ng an t igen ic  pregnancy-specif i c  proteins;  

(b )  con tac t i ng  sa id  mixture o f  term placental  p ro te ins  w i th  an t i -  

bodies ra i sed  against  e i t h e r  pregnancy-specif i c  p ro te ins  o r  normal 

human serum pro te ins  t o  cause said ant ibodies t o  react w i th  pregnancy- 

s p e c i f i c  p ro te ins  o r  non-speci f ic  an t igen ic  p ro te ins  contained i n  said 

mixture; 

( c )  separat ing the  reac t ion  products o f  step (b) from the 

remainder o f  the term p lacenta l  p ro te in  mix tu re  t o  provide a mixture o f  

an t igen ic  pregnancy s p e c i f i c  p ro te ins  i so la ted  from non-specif ic an t i -  

genic p ro te ins  ; 

(d) i nnocu la t i ng  a host animal w i th  said mix tu re  o f  ant igenic 

pregnancy-specif ic p ro te ins  t o  cause said host animal t o  ra i se  an t i -  

bodies t o  a p l u r a l i t y  o f  pregnancy-specif ic proteins;  and 

(e )  i s o l a t i r g  ant'bodies t c  said p l u r z l i t y  o f  pregnancy-specific 

p ro te ins  from ant ibodies t o  non-specif ic human proteins. 

- 2 -  



12. The pregnancy detect ion method o f  c la im 17 i n  which step (b) 

comprises contacting said mixture o f  term placental proteins wi th  an t i -  

bodies ra ised against pregnancy-specific proteins. 

13. The pregnancy detect ion method o f  c la im 17 i n  which step (b) 

comprises contacting said mixture o f  term placental proteins wi th  an t i -  

bodies raised against normal human serum proteins. 

14. The pregnancy detect ion method o f  c la im 17 i n  which said mix- 

t u r e  o f  term placental proteins is prepared by providing a suspension 

o f  term placental t issue i n  a s t a b i l i z i n g  medium, separating suspended 

so l i ds  from said suspension t o  provide a supernatant solution, adding a 

s a l t i n g  agent t o  said supernatant so lu t i on  t o  p rec ip i t a te  proteins and 

d isso lv ing said prec ip i ta ted proteins t o  provide said mixture o f  term 

placental  proteins. 

15. The pregnancy detect ion method o f  c la im 14 i n  which said sta- 

b i l i z i n g  medium i s  selected from the group o f  phosphate bu f fe r  and 

perch lor ic  acid and said s a l t i n g  agent i s  selected from the group of 

amnonium su l fa te  and sodium sulfate. 

16. The pregnancy detect ion method o f  claim 14 i n  which said sta- 

b i l i z i n g  medium i s  phosphate buffer and said s a l t i n g  agent i s  ammonium 

sul  f a t  e. 

18. The method o f  claim 17 i n  which said serum o r  ur ine i s  

obtained f r o m  said pat ient  w i th in  about one month o f  suspected 

concept ion. 

19. The method o f  claim 17 i n  which said method f o r  preparing 

said pregnancy detection agent f u r t h e r  comprises i so la t i ng  antibodies 

t o  said p l u r a l i t y  o f  pregnancy-specific proteins f r o m  non-antibody host 

animal serum proteins. 

DESCRIPTION OF THE CLAIMS ON APPEAL 

Claim 17 i s  d i rected t o  a method f o r  detect ing ear ly pregnancy in 

which a pat ient 's  serum or ur ine i s  contacted wi th  an agent containing 

I antibodies t o  a p l u r a l i t y  o f  proteins spec i f i c  t o  pregnancy. The antibody 

- 3 -  



0 

mixture i s  produced by innoculat ing a host animal w i th  a mixture o f  

pregnancy-specific proteins obtained f r v m  term placentas and isolated 

from non-specific antigens. 

Dependent claims 12-16 are directed t o  the pregnancy t e s t  o f  claim 

17 employing agents prepared by di f ferent methods. 

are directed t o  the use of agents prepared using a l ternate methods fo r  

separating pregnancy-specific placental proteins from non-specific p l a -  

cental proteins p r i o r  t o  innoculat ion o f  the host. Claim 14 i s  d i rected 

t o  the use o f  an agent prepared by p rec ip i t a t i ng  placental proteins from 

a t issue suspension p r i o r  t o  i s o l a t i o n  o f  pregnancy-specific placental 

proteins. Claim 15 i s  d i rected t o  the use o f  an agent prepared using 

p a r t i c u l a r  s t a b i l i z i n g  m d i a  and s a l t i n g  agents. 

t he  use o f  an agent prepared using the spec i f i c  s t a b i l i z i n g  medium and 

s a l t i n g  agent exemplif ied i n  the specification. 

Claims 12 and 13 

Claim 16 i s  d i rected t o  

Claim 18 i s  d i rected t o  the use o f  the pregnancy t e s t  o f  claim 17 

f o r  detection o f  pregnancy w i t h i n  about one month o f  conception. 

C l a i m  19 i s  d i rected t o  the pregnancy t e s t  o f  claim 17 employing 

an agent i n  which the useful antibodies t o  pregnancy-specific proteins 

are iso la ted from non-antibody host animal proteins. 

THE INVENTION 

rtSrr invent ion i s  a novel method for ear ly  detect ion o f  pregnancy by 

t h e  Occurrence o f  cha rac te r i s t i c  antibody/antigen reactions. 

blood or  ur ine i s  contacted w i th  a detection agent comprising host- 

produced antibodies t o  a p l u r a l i t y  o f  pregnancy-specific t issue proteins 

occurr ing i n  term placentas. 

antibody mixture contains antibodies t o  a p l u r a l i t y  o f  pregnancy-specif i c  

proteins which are present a t  r ead i l y  detectable concentrations i n  the 

very ear ly  stages. Consequently, the tes t  i s  e f f e c t i v e  f o r  detecting 

ea r l y  pregnancy i n  women whose serum o r  urine contains any o f  the several 

pregnancy-specific placental proteins. 

A pat ient 's  

Appellant has demonstrated tha t  such an 

The agent i s  prepared by innoculat ing a host animal w i th  a mixture 

of pregnancy-specific proteins iso la ted from the other placental ant igenr .  
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e e 
By i s o l a t i n g  the pregnancy-specific mixture p r i o r  t o  innoculation, the 

animal's imnune response i s  d i rected toward the proteins o f  interest. 

These host-produced antibodies are iso la ted from antibodies t o  non- 

spec i f i c  human protein,  thereby providing a detect ion agent sensi t ive t o  a 

p l u r a l i t y  o f  serum proteins expressed i n  the very ear ly  stages of  

pregnancy. 

The capab i l i t y  f o r  detect ing a p l u r a l i t y  o f  ear ly  pregnancy pro- 

t e ins  i s  a considerable improvement over p r i o r  a r t  techniques employing 

antibodies t o  a s ing le protein, f o r  example human chorionic gonadotropin 

(HCG). Such tests  were prone t o  fa lse negative resul ts,  p a r t i c u l a r l y  i n  

e a r l y  pregnancy, due t o  low serum levels  o f  the s ing le protein. 

method o f  t h i s  invent ion pos i t i ve  readings occur when any o f  several 

pregnancy-specific proteins are detected. 

spec i f i c  proteins are detected, the pos i t ive resu l t  i s  confirmed. 

Rel iab le pos i t i ve  readings showing a p l u r a l i t y  o f  pregnancy-specific pro- 

t e ins  have been obtained as soon as 18 t o  22 days a f t e r  conception. 

I n  the 

I f  a p l u r a l i t y  o f  pregnancy- 

THE REJECTIONS 

Claims 12-19 stand re jected under 35 USC 112 (paragraph 1) as based 

upon an i n s u f f i c i e n t  disclosure. The speci f icat ion i s  objected t o  as 

inc lug ing i n s u f f i c i e n t  exemplary matter t o  support the claims and f o r  

f a i l u r e  t o  disclose the best mode. 

35 USC 103 as obvious i n  view o f  the teachings o f  Hoffman ( l ) ,  Hoffman 

( Z ) ,  Brock, or  L i n  ( l ) ,  e i t h e r  s ing l y  or i n  combination w i th  the Bohn 

patent o r  Jankowsky. 

t he  prosecution but are not applied against the present claims. 

Claims 12-19 also stand rejected under 

A number o f  other references have been c i t ed  durlng 

THE TEACHINGS OF THE PRIOR ART 

Hoffman (1) describes imunologica l  studies which show that  placcnt r l  

t i s s u e  contains pregnancy t yp i ca l  proteins also found i n  puerperal ( a f t e r  

c h i l d b i r t h )  serum, amniotic f l u i d ,  and serum f r o m  an unspecified period 9 

pregnancy. 

Hoffman (2)  describes the preparation of antiplacenta imnune ser*Jm. 

The host animal was innoculated wi th  the en t i re  spectrum o f  placental 
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pro te ins  wi thout p r i o r  separation of pregnancy-specif ic proteins. 

Immunological studies using the  immune serum found pro te ins  i n  serum o f  

unspec i f ied  periods of pregnancy. 

c a l l y  i den t i ca l  t o  placental  proteins. It was postulated tha t  the  

pregnancy serum p ro te in  had passed over t o  the mother from the placenta. 

Brock describes work s i m i l a r  t o  tha t  described i n  Hoffman (1) and 

(2). Some placental  antigens were detected i n  pregnancy serum, however 

the  per iod o f  pregnancy was undisclosed. 

The pregnancy pro te ins  were imnunologi- 

L i n  (1) discloses tha t  pregnancy associated antigens i n  t h i r d  tri- 

mester pregnancy serum can be detected w i th  imnune serum ra ised against 

t h i r d  t r imes te r  pregnancy serum. No placental  proteins are described. 

The Bohn patent (U. S. Patent 4,065,445) describes the  i s o l a t i o n  

o f  a s ing le  pregnancy-specific p r o t e i n  from placenta, blood, o r  u r ine  

o f  pregnant women. The p r o t e i n  i s  sa id  t o  be useful f o r  t he  prepara- 

t i o n  o f  antiserum f o r  the  de tec t ion  o f  pregnancy. Any an t isera  ra ised  

against  such a p ro te in  could detect  only tha t  p a r t i c u l a r  protein. 

Jankowsky describes a pregnancy de tec t ion  agent comprising an t i -  

bodies ra ised  against a mix tu re  o f  HCG and an ex t rac t  o f  f i r s t  month 

p lacenta l  tissue. 

de tec t ion  antibodies could be obtained from placental  t i s s u e  of a l a t e r  

pregnancy per iod than the per iod  t o  be detected. 

There i s  no suggestion tha t  a mixture o f  pregnancy 

B e l l  ( c i t e d  by appel lant)  describes an evaluat ion o f  several p r i o r  

a r t  immunologica pregnancy de tec t ion  methods. I t i s  seen from Table I 

t h a t  t he  highest percentages o f  f a l s e  negatives or inconclusive r e s u l t s  

occur when tes ts  are performed 35-49 days a f t e r  the l a s t  menstrual 

period. 

Lamb ( c i t e d  by appel lant)  describes an evaluat ion o f  p r i o r  a r t  immu- 

no log ica l  pregnancy t e s t s  based so le l y  upon HCG. 

here to  as Exh ib i t  1) it i s  seen t h a t  pa t ien ts ’  leve ls  o f  HCG d i f f e r  

w ide ly  and are s t rong ly  dependent upon the week of pregnancy. 

I n  Fig. 1 (attached 

D i e t r i c h  also describes pregnancy tes ts  based upon HCG. Fig. 1 

(at tached hereto as Exh ib i t  2 )  shows tha t  the HCG l eve l  i n  pregnancy 
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ur ine increases r a p i d l y  from 40-60 days a f t e r  the l a s t  menstrual 

period and then declines dur ing the remainder o f  the pregnancy. 

Bohn (Blut ,  Band X X I V ,  Seite 292-302, 1972) describes a pregnancy- 
ii 

spec i f i c  beta-glycoprotein. 

shows the va r ia t i on  i n  the concentration o f  t h i s  mater ia l  during 

pregnancy. 

Fig. 7 (attached hereto as Exhib i t  3 )  I i; 

Seppala describes a study o f  human placental lactogenic hormone 

(HPL) i n  an e f f o r t  t o  corre la te HPL levels  t o  i n fan t  b i r t h  weight and 

t o  various pregnancy complications. The serum concentration o f  HPL i s  

sa id t o  r i s e  throughout pregnancy and disappear rap id l y  a f t e r  b i r th.  

THE ARGUMENTS 

A. The Reject ion o f  Claims 12-19 under 35 USC 112 Is Improper 
Because the Speci f icat ion Is Suf f i c i en t  To Enable One of 
Ordinary S k i l l  i n  the A r t  t o  Pract ice the Invention without i Undue Experimentation. 

I 

i 
I n  r e j e c t i n g  the claims under 35 USC 112, the Examiner has alleged E 

t h a t  the spec i f i ca t i on  f s  i n s u f f i c i e n t  for f a i l u r e  t o  contain specific 

examples o f  the t e s t  methods employed. 

necessary i n  order t o  disclose the best mode. The Examiner’s pos i t ion 

i s  contrary t o  several decisions o f  the Patent Of f ice Board o f  Appeals 

Such examples are alleged t o  be 
s 
r 

and the Court o f  Customs and Patent Appeals which have held that  

worktng examples are never required i f  the invent ion i s  otherwise 

disclosed su f f i c i en t l y  t o  enable one s k i l l e d  i n  the a r t  t o  pract ice i t  

without undue experimentation. See, f o r  example, I n  r e  Borkowsky 57 

CCPA 946, 422 F2d 904, 164 USPQ 642 (CCPA 1970); Ex Parte Krenzer 199 

USPQ 227 (P.T.O. Bd. App. 1978). 

The present spec i f i ca t i on  i s  c lea r l y  enabling. The claimed m e t h c d  

requires simply contacting a sample o f  blood or ur ine w i th  a pregnancy 

detect ing agent containing antibodies and observing whether an 

I 

antibodyiantigen react ion occurs. 

agent i s  described i n  general terms beginning a t  page 4, l i n e  17 and 

cont inuing through page 9. 

preparation of an imunoadsarbent column for preparing the agent. 

Example I 1  describes a step-by-step procedure f o r  preparing a placeptd’ 

The preparation o f  the detection 

Example 1 on pages 10 and 11 describes t h e  
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ex t rac t  separat ing pregnancy-speci f i c pro te ins  and prepar ing an imnune 

serum. The t e s t  method i t s e l f  i s  described a t  page 11, l i n e  20 through 

page 12 ,  l i n e  6. Gel p r e c i p i t a t i o n  tes ts  i n d i c a t i n g  the  dura t ion  o f  

t he  t e s t s  and the  t imes o f  which p r e c i p i t i n  bands occurred are 

described a t  page 14, l i n e  31 t o  page 16, l i n e  11. 

c a t i o n  i s  not necessary. 

e n t i r e  science o f  imnunology i s  based upon conducting antibody/antigen 

reac t  ions. 

Fur ther  exempl i f i -  

The a r t  o f  record demonstrates tha t  t he  

The Dec la ra t ion  o f  Dr. John E. Caton f u r t h e r  establ ishes the  suf- 

f i c i e n c y  o f  the  spec i f i ca t ion .  

1.132 t o  es tab l i sh  the  l eve l  o f  s k i l l  i n  the  a r t  i s  i n  accordance w i th  

I n  r e  Doyle 482 F2d. 1385, 179 USPQ 227, cert.  den. 181 USPQ 417. 

O r .  Caton pointed out t h a t  workers o f  ordinary s k i l l  i n  t he  f i e l d  of 

The use o f  dec la ra t ions  under 37 CFR 

imnunology and i k u n o a n a l y t i c a l  chemistry are we l l  acquainted w i t h  the 

standard imnunological methods f o r  using ant ibodies t o  detect  the pre- 

sence o f  antigens i n  solut ions. 

known t o  conta in  ant ibodies t o  proteins s p e c i f i c  t o  pregnant women, he 

could e a s i l y  t e s t  serum o r  u r ine  f o r  the  presence o f  the  pro te ins  by 

t h e  well-known Ouchterlony technique. 

mine the proper concentrat ion o f  an antibody so lu t i on  t o  use i n  such 

tests,  and Or. Caton described a well-known rou t i ne  method o f  deter- 

mini ng the  concent rat ion.  

I f  such a worker were. given a so lu t i on  

Such workers o f ten  must deter-  

The Examiner has spec i f i ed  no other al leged de f i c ienc ies  i n  the 

speci f icat ion.  

i n  a s p e c i f i c a t i o n  presents no more than a r o u t i n e  problem t o  a worker 

i n  the  a r t ,  the  spec i f i ca t i on  cannot g ive  r i s e  t o  a r e j e c t i o n  under 

e i t h e r  the enabl ing o r  the best mode requirements o f  35 USC 112. 

Where f a i l u r e  t o  include a s p e c i f i c  operat ing cond i t ion  

I n  r e  Karnofsky, 55 CCPA 940, 390 F2d. 994, 156 USPQ 682 (1968) Since - 
a worker o f  o rd inary  s k i l l  i n  the a r t  could p rac t i ce  the  invent ion  as 

claimed w i th  on ly  a minimal amount o f  rou t i ne  experimentation, the 

r e j e c t i o n  under 35 USC 112 should be overruled. 



E. The Teachings o f  the  P r i o r  A r t  As a Whole F a i l  t o  Suggest O r  
Render Obvious the  Invent ion  As Claimed i n  Claims 12-17, and 
19. 

The use o f  immunological methods f o r  pregnancy de tec t ion  i s  a 

r e l a t i v e l y  crowded art .  Perhaps equal ly crowded i s  the  a r t  o f  using i n u -  

no log i ca l  techniques f o r  t he  study of placental  t i s s u e  and other pregnancy 

associated structures.  Notwithstanding the pe rs i s ten t  search f o r  correla- 

t ions between serum p r o t e i n  l e v e l s  and pregnancy abnormal i t ies,  the a r t  

has f a i l e d  t o  suggest the  de tec t ion  o f  ear ly  pregnancy with ant ibodies 

ra ised  against  a mix tu re  o f  pregnancy-specific p ro te ins  from term pla- 

centas. Appellant has shown t h a t  such a detect fon method has the  capa- 

b i l i t y  o f  determining pregnancy by the presence o f  a p l u r a l i t y  o f  pro- 

t e i n s  found t o  be present a t  detectable l eve l s  soon a f t e r  conception. 

Ne i ther  o f  the primary references describes pregnancy detection. 

The Hoffman references and Brock describe studies which attempt t o  

c o r r e l a t e  p lacenta l  p ro te ins  w i t h  proteins found i n  pregnancy serum. 

L i n  (1) teaches on ly  tha t  some ant igenic serum pro te ins  are spec i f i c  t o  

pregnancy. 

s u b s t a n t i a l l y  d i f f e r e n t  from the  antibody mixture requ i red  by the  claims. 

Ne i ther  o f  the  primary references i so la tes  the  pregnancy-specif i c  p ro te in  

f r a c t i o n  p r i o r  t o  i n j e c t i o n  i n t o  the host. As pointed out i n  appe l lan t ' s  

s p e c i f i c a t i o n  (page 5, l i n e s  21-32) t h i s  step r e s u l t s  i n  an antiserum 

capable o f  p rov id ing  more bands o f  p r e c i p i t a t i o n  i n  subsequent pregnancy 

t e s t s  because the  animal 's imnune response i s  d i rec ted  toward only 

pregnancy-speci f i c  proteins. 

The antibody mixtures used i n  the  primary references are 

A r t  such as the primary references which describes pro te ins  i n  

"pregnancy serum" w i thout  spec i fy ing  the per iod o f  the  pregnancy i s  not 

pe r t i nen t  t o  c la ims d i rec ted  t o  an ear ly  pregnancy test .  Obviously the 

pregnancies had already been confirmed. 

has taken the  p o s i t i o n  t h a t  once placental  p ro te ins  are shown t o  e x i s t  i n  

serum a t  any stage o f  pregnancy, i t  would be obvious t o  t e s t  f o r  ear ly  

pregnancy using a n t i s e r m  ra ised against term placental  t issue. This 

p o s i t i o n  ignores the well-recognized fac t  t ha t  t he  p r o t e i n  content of 

By c i t i n g  such a r t  the  Examiner 
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found i n  nor- 

. -  - l o  - 

serum or ur ine  var ies  considerably dur ing  the  course o f  pregnancy, as 

shown i n  Exh ib i t s  1-3 and page 16, l i n e s  4-11 o f  appe l lan t ' s  speci f ica- 

t ion.  

p ro te ins  o r ig ina ted  from the placenta (Hoffman ( 2 ) )  and tha t  such pro te ins  

disappeared soon a f t e r  b i r t h ,  (Seppala and E x h i b i t  3 )  it was by no means 

obvious t h a t  an t ibod ies  ra ised  against a p l u r a l i t y  o f  term placental 

pregnancy-specif ic p ro te ins  would be capable o f  de tec t ing  a p l u r a l i t y  of 

p ro te ins  present a t  the very ea r l y  stages. 

I n  view o f  the p r i o r  a r t  b e l i e f  t h a t  pregnancy associated serum 

Claims 12-17 and 19 requ i r i ng  

de tec t i on  w i t h i n  about 2 months of conception are ne i the r  obvious nor 

inherent i n  the  primary references. 

The Bohn patent suggests a pregnancy t e s t  based on a s ing le  p ro te in  

obtainable from placentas. As shown i n  B e l l  and D ie t r i ch ,  pregnancy tes ts  

sens i t i ve  t o  a s ing le  p ro te in  produce f a l s e  negatives i n  pa t ien ts  def i -  

c i e n t  i n  t h a t  protein.  

Jankowsky, c i t e d  as an a l te rna te  secondary reference, i s  c loser than 

any o f  the  primary references ye t  ac tua l l y  teaches away from the claimed 

method. 

ra ised  against  a mix tu re  o f  HCG and f i r s t  month placental  tissue. 

Obviously f i r s t  month placentas are d i f f i c u l t  t o  acquire, especial ly those 

from normal pregnancies w i th  normal proteins. The Jankowsky tes t  

high!-lghts the  p r i o r  a r t ' s  recogn i t ion  t h a t  placental  proteins from a 

Jankowsky teaches the use o f  an agent prepared from antiserum 

l a t e  stage o f  pregnancy are not necessar i ly  present i n  the ear ly  stages. 

Had Jankowsky considered i t  obvious t h a t  ant ibodies ra ised  against 

r e a d i l y  ava i l ab le  placental  t i ssue  could detect  a p l u r a l i t y  o f  ear ly  

.IntP)b-hardly have been 

l i m i t e d  t o  f i r s t  month placentas, i.e. placentas from about the same 

per iod  o f  pregnancy t o  be detected. 



anti-normal human serum i s  used t o  remove non-pregnancy-specific placental 

proteins. 

prepare agents sens i t i ve  t o  any desired number o f  ea r l y  pregnancy pro- 

teins. 

ant ibodies ra ised  against a mixture o f  term placental  pregnancy-specific 

proteins,  f u r t h e r  i d e n t i f i c a t i o n  o f  the pro te ins  i n  the  claims i s  

unwarranted and would be unduly l im i t i ng .  

Workers i n  the a r t ,  fo l low ing  appe l lan t ' s  examples, can eas i l y  

Since the p r i o r  a r t  has never used a pregnancy t e s t  employing 

Only the  appel lant  has provided a r e l i a b l e  agent from term placentas 

which has the  c a p a b i l i t y  o f  de tec t ing  a p l u r a l i t y  o f  pregnancy-specific 

p ro te ins  expressed i n  ea r l y  pregnancy. 

s ing le  p ro te in  tes ts  or t es ts  requ i r i ng  scarce f i r s t  month placentas, the 

claimed method cannot be obvious. 

Since the  p r i o r  a r t  used only 

C. 

Claim 18 i s  d i rec ted  t o  the use o f  the pregnancy t e s t  w i t h i n  about 

one month o f  conception. As shown i n  Be l l  and Lamb, fa l se  negatives i n  

s lng le  p ro te in  tes ts  are most prevalent w i t h i n  about f i f t y  days o f  the 

l a s t  menstrual period. By removing non-pregnancy-specific proteins from 

t h e  term placental  mixture p r i o r  t o  innocu la t ion  i n t o  the  host an agent 

capable o f  very ea r l y  detect ion o f  a number o f  p ro te ins  i s  provided. 

SiW the c loses t  p r i o r  a r t  (Jankowsky) employed f i r s t  month placentas 

f o r  preparing pregnancy detect ion antiserum, the successful use o f  term 

placentas f o r  preparing such antiserum i s  a c lea r  advantage nowhere 

suggested i n  the  p r i o r  art.  

Teachings o f  the P r i o r  A r t  As a Whole F a i l  t o  Suggest O r  
Render Obvious the Invent ion As Claimed i n  Claim 18. 

SUMMARY 

Appellant has shown tha t  the spec i f i ca t i on  i s  s u f f i c i e n t  t o  enable 

one o f  ordinary s k i l l  i n  the a r t  t o  successful ly p rac t i ce  the claimed 

tha t  the p r i o r  

s 12-19 under 35*'U 
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Chemistry Division of the Oak Ridge Natlonal Laboratory; 
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THAT during the years 1969-1974 I worked as  an analytical  chemist 
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during which time I carried out extensive work i n  the f i e lds  of gel 

electrophoresis, chromatographic separation of macromolecular solutions 

such as  serum, and the study o f  techniques u t i l i z ing  antigen-antibody 

reactions f o r  analytical  purposes: 

THAT I am well acquainted w i t h  the ordinary level o f  skill o f  workers 

i n  the f i e l d  of imnunology and imnunoanalytlcal chemistry; 

THAT workers o f  ordinary skill i n  the field o f  imnunology and imnuno- 

analytical  chemistry are  well acquainted w i t h  the standard imnologica l  

methods f o r  detecting the presence o f  antigens i n  solutions by contacting 

the solution w i t h  a solution containing antibodies t o  the antigens souqht; 
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of antigens In solutions,  workers o f  ordinary skill In imnoloay or  

inmunoanalytical chemistry often make deteminations of the proper t i t e r  

of antibody solution t o  use for  a Dartlcular concentration o f  antigen 

solution; 



conception. 

u r i ne  from such e a r l y  stages. The presence of antigens i n  mid-term or 

l a t e  pregnancy does not i nd i ca te  tha t  the  same antigens would be pres- 

ent s u f f i c i e n t l y  ea r l y  t o  be of i n t e r e s t  f o r  pregnancy detection. 

Ne i ther  reference describes de tec t i ng  antigens i n  serum or 

Th i rd ly ,  no showing of c r i t i c a l i t y  f o r  term placentas i s  needed 

since the  use o f  term placentas i s  not prima f a c i e  obvious. The only 

p r i o r  a r t  t e s t  employiiig a mixture o f  ant ibodies (Jankowsky) required 

f i rs t -month  placentas - placentas from the  same per iod o f  pregnancy as 

t o  be detected. 

very expensive since f i r s t  month human placentas are obtainable only 

from a very l i m i t e d  number o f  miscarriages and abort ions. Term placen- 

tas, on the  other hand, are un i ve rsa l l y  ava i l ab le  and a detect ion agent 

obtained therefrom would be obviously much less  expensive than 

Jankowsky's. 

an obviously preferable source of antigens c l e a r l y  demonstrates the 

unobviousness o f  the claimed invention. 

It i s  obvious tha t  such a de tec t ion  agent would be 

The f a c t  t h a t  Jankowsky never suggested the  use of such 

Four th ly ,  t he  Examiner i s  requested t o  reconsider the  re jec t i on  

under 35 USC 112 f o r  the absence of an example of s p e c i f i c  t e s t  proto- 

col .  

- Krenzer 199 USPQ 227 (1978). 

the  Examiner's convenience. It i s  c lea r  from Krenzer and cases c i t ed  

the re in  t h a t  the mere absence of a working example i s  i n s u f f i c i e n t  t o  

support a r e j e c t i o n  under the  enablement o r  best mode clauses o f  5112. 

Since the  Examiner has f a i l e d  t o  provide reasons why one s k i l l e d  i n  the 

a r t  would be unable t o  car ry  out the invent ion  as claimed without undue 

experimentation, it i s  requested tha t  t he  r e j e c t i o n  be withdrawn. 

The Board o f  Appeals re jec ted  the  Examiner's p o s i t i o n  i n  Ex Parte 

A copy o f  the decis ion i s  supplied f o r  

I t  i s  submitted tha t  the  claims are i n  compliance w i th  35 USC 103 

and 35 USC 112 and a Notice o f  Allowance i s  requested. 

Respect fu l l y  submitted, 

Attorney f o r  appl icant 

Oak Ridge, Tennessee 
FTS-850-4334 (Comnerci a1 AC 61 5-483,8611 , Ext . 34334) 
Uzzel l  : b r  

- 2 -  



,I hlCI  Ill .I lu~~I&4~111rl~l I IlI. I.W7 .IIlll 
lor1 6 t m i i o h  w c k  i t i  rrgiil.iic lurl 
,,.I I i i i i c  i i t i i i t i l  t l ~ ~ i i ~ w t ~ l  JII Iliimiiig 
,*I1 IIIC rli~iiir. 1,111 &1l1111~11* . l lC  I C -  

Ill. *I \I&ll.ll IllJl I S  3 lull4 111111 8 1 1  y w t l  
*I\C I S b  \ J I I ~ I I I ~ l I l S  Ill cVlylllt' *1)CCl1 I O  

~ ~ ~ d d i l i o i i .  both arc I c y ~ ~ i i w c  l o ~ i i -  
,,p~I:it~onal paranictri t h.irctl oii 
~ ~ a t i i r t - ~ i i i i l  pwwirr ( 1 1  tlir .iii t i )  pro- 
lucl IltBW as all ulllni.llc 4rlnrlloll 0 1  
air flow. lrifrinrrnicnt is clear. a) 
ihr 5fFC .nid I d 7  liicl tiiiiirolri pur- 
,uI~staiitialh t t i r  wiir l i i i it  iioii i)iiIi/- 
ubst.iiNiallv the saitie niechaiiism in 
miiall! the unie maiiiicr. 
<e. in this case. the chins  01 ihr 
. ~ J I C W  are i iot  IO he iiairowl! con- 
din hKht 0 1  the prior a n  or the M c s k  
Statim and file wrapper. the trial 
:j original opinion with rrsprrt to in- 
men8 will not be disturbed. hide- 
mi of that concluston. the Issue has 
nviewcd in the li ht of the record in 
s. including thetriers ofthr panics 
: w r r  bcfore therourt. I hold that in- 
.men1 has k n  ertablirhcd. 

I to the broader claims I, 4. 
i. iii nngcment docs not de 
nson to the doctrine of equivar:: 
thrse clsinis do not contain the 
a'' language. These claims, being 
tr than the claims sought to be nar- 
L are infringed by rhc accused de- 

pplemeaul Conclusion of l a w  

n the Gildings of fact and opinion 
p r  19. 1975 dnd the supplementel 
m. suppleniciilrl and additional 
JS of fact lilecl herewith. all 01 which 
d e  3 pdn of thr pdgment herein. 
u r ~  conrludes ds .I inalter of law that 
ms 11. 24, ?5. and ?B of Kunz Pat- 
Y 2.750.751 arc insdid. uhrreforc 
uuon is dirmawd as to that patent. 
itlainis 1.3.4.5.7.8. I I. I?. 13. 14, 

nd infnnged. uhererore drlrndant 
k lor in6i i i~micnt  or that yrtent 
bngh. plainitBis cliiitlcd to rerover 
dgmrnt is entered to tlui cllert The 
A of recovery urrmned for lunhcr 
diiigs under Ire IJltc) 
bngs omitted.+ 

. ut Muck PdtClll No ?.38 1.275 arc 

Patent and rrademark Office 
Board of Appeals 

PATENTS 
I. Patentability - Utility ($51.75) 

Signilicaiit use loi insentii~ii claimed 
niiisi rxisl 111 orctcr t o  S; I I I~ \  cii i l i i \  
rrqiiiietiiciii 14 33 t ' .S.C. 1 0 1 :  il.imrcl 
compound\ that arc dcsri ihrd as rxliibit. 
ing hcrhiridal ai tivitv arc disclosed to be 
"usclul.~' 

2. Patentability - Utility ($51.75) 
Lxainiiier itiay rt'cluirr turthcr J>sur.mrc 

of usel'iilness wherc. wasoiiable dciiibt ex- 
ist) as t i )  whrther iii\eiitioii u ill luna t i t in  AS 
statcd. iic~trithst.indiiig aswricd uiilitb. 
3. Patentability - Utility (551.75) 

Pleading and practice in Patent Office 

Examiner who disavows any finding that 
asserted utility which. on its face in not 
contra7 to generally accepted scientific 
princip a. is  unbelievable. im ropcrly im- 
puted burden of proof to appfcant; cram- 
iner's unsupported skepticism as to 
claimed invention's utility docs not pro- 
vide legally acceptable basis for rejecting 
claims. 

- Rejections ($54.7) 

4. Specification - Suffaciency of disclo 

Specilication that discloses insention iii 
such mannrr that one skilled in A r t  nould 
bc able to practice it uithout undue 
amount 01 experimentation need not coil- 
lain working example. 

sure (562.7) 

5. Pleading and practice in Patent Office 
-Rejections (554.7) 

Specification - Sufficiency of disclo- 
sure (161.7) 

Patent and Trademark Ofice h r d  of 
Appeals docs not sustain rejection under 
35 U.S.C. I I2 on ground that specification 
fails to set forth best mode contemplated 
by inventor for carrying out invention. ab- 
sent cause to suspect inventor of conced- 
ing any information as to what he feels ir 
preferred embodiment. 

Particular patcnta - Herbicides 
Krcnzcr. I-Thiadiazoty L-5- 

Acvlimidazolidinoncs. claims I. IO  al- 
lowed. 

. .  
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, ; P  

This is an appeal from the exdininer's 
~ ~ C I W J I I  linallv rejectin claims I through 
10, dll of the claims in ['Re appiicauon. 

!e subject matter on a al relates to 
vanoiis I -thiadia*olvPPf~cvlox~ 1 .Y- 
iiiiidazolidin-2-ones (rlaims 1-8). a hcrbi- 
cidal composition containing a compound 
of claim I (claim 9). and a method of con- 
trolling weeds bv contacting them with a 
herbicidal c o r n p h i o n  containln a com- 
pound of claim I (claim IO). To 8lustrate 
the subject matter before us. claim I. the 
only indcpcndm: claim. is reproduced as 
follows: 

I .  A compound of the formula 

0 - 1 . 1 '  

whcrein RI is selected from the group con- 
sisting o( ;Ilks1 of u to 3 carbon atoms. 
cvcinakvi of'from S to 7 carbon atoms. 
lover dkcnvl. lower chloroalkyl. lower 
bromoalkyl. lower alkoxy, lower alkylthio. 
loucr alkvlsirlfonyl and lower alkylsulfinyl; 
R? is Jclcctcd from the group consistin of 
lower alkyl, lower alkcnyl. lower balao%yl 
and 

I 
Rs 

wherein R1 and R' arc each selected from 
the group consisting of 

uhereiii S is selected from the grou con F. 
siating of lower alkvl. lower akox,: 
halogen. lower haloalkvl. nitro. cyano and 
loher alkylthio; n is an inte(lcr front0 to 3; 
and m is the integer 0 or I .  
We now. in passing. thai in claim 2. 

which depends u w n  claim 1. the term "5- 

I 
I 

! acet+loxf'* has no roper antccedent basis 
in the definition of"R'" in claim I. &e 37 
CFR 1.75 (cl. L 

1 

1 

No references have been cited. 
All of the claims stand rejected "under 

no reasonable assurance chat the claimed 
compounds will function as alleged" (An- 
swer, page 2). 

We shall not sustain this rjcction. 
(I] It is axiomatic that. in order to satirft 

the utility requirement of 35 LISC 101. a 
significant use for the invention claimed 
must exist. Brcnncr v. Manson. 385 US 
519. 86s. Ct. 1053. 148 LSl'Q6W: In re 
Joly et al. 54 CCPA 1162. 376 F.?d 906. 
153 USPQ 243. Clearly. ,the presently 
claimed compounds are disclosed io bt 
"useful" since they arc dcscribt.d as exhlh. 
iting herbicidal activity. 

urtcci uiility. an examiner mav stii &5 
further assurance of usefulness where a 
rcaconablr doubt exists as to whether thr in. 
vention will function as stated. Such doubl 
has been held reasonable where, for exam. 
plr. the invention has &en chrncirritcd 
as "highly unusual," In re Hou hton. 58 
CCPA 732.433 F.2d 820. 167 Ut 687 . 
as "incredible." In re Citron. 5 2 C P i  
852. 325 F.2d 248, 139 US 516. or as 

htivc" In re 3 0th. 57 
z G A ' g 4 1 9  L2d 918. 164 &PQ22I. 

In his Answer. at page 4. the examiner 
ex licitlv disavows any iindin that the 
utiyitv &rein is unbelievable. %e stater: 6 
"Here. the Examiner doer not take the 
c i t i o n  that the herbicidal utility is un- 

licvablc (although it is 'unexpected'). 

1 

C 

35 L'SC 101 because the record provides I 

(h i  
h 
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\ I hr li.~Jiiiiil~l.'\ i a i , i i i o i i  hcrc i\ i11.11 .ip- 
pticwit li.I* 1,iiicA io pi r n  idc. t i i t .  i t .1 q u c i  
rrith OPIY 11.i.1, .II ,111 1 t ) i  IIIIY l i i id i i ig.  otic 
W d \  or l h C  ~ l t l l c l .  d l l , ~ \ I l  ihc l l r l l < ~ \ . l l ~ l l l l \  
Cll  i1ic 1111111\." 

(31 Regardii ig i l i c  dhmr. t l i r  cxa i i i i i i r r  
Ii.ir i n i p n i ~ w r h  iitil i i i icd i l i r  liurdcii 01 
prod to ~ p ~ ) c I l . i ~ i t  1111wc\rr. ilir I ouit lid\ 
dli-eadv p.trsc*il upon csaciiiid11\ tliis wnr 
niatirr. albci i  rrith respect to "enablr- 
mcnt." and its holding appears to be 
uniquely appl i rahlr  herein. .l'hus. Jtteii- 
t ion is directed to t l i r  decision in In r e  hlar-  
zocchi et al. 58 CCPA 1069. 1073. 1 3 Y  
F.2d 220. 169 LIS 367,369. ci ted bv ap- 
r l l a n t .  whc re inJ3gc  Baldwin. speaking 
o r  ill., court. stated. 

"As a matter of Piltrnt Ol l i ce  prartic e. 
then. a specification disclosure which 
contains a reaching of thc manner and 
process ot niakin and using the inven- 
tion in terms w h i c l  correspond in scopr 
to those used in describing and de l in in  
thesubject matter sought to be patente! 
n u (  be taken AS in compliance w i th  ihe 

uircmcnt of the first para- ::Po$ ; 3 2  unlrrr there is reason to 
doubt the objective truth of the statc- 
ments contained therein which must be 
relied on lor enabling support." 
Al though the  Manocchi  et a1 decision 

wbscquentlv acknowlcd es that. in some 
nm, a statement. on ib$orc. may con- 
mry to gencn l ly  accepted scientific rin 
ripks. such exception is not involved !ere: 
m. Instead. we h a w  before us the tvpc of ' 
subject matter and associated c k u r n -  
UIIYCS described in In r e  Cauvc .  54 

154 LWQ92.96. as follows: 
CCPA 1521. 1530-1531, 379 F.2d 973, 

"Appellant's discovery here does no! 
pear to us to be ofsuch a 'speculative. 

gs t ruse  or esoteric nature that i t  iiiust 
be considered unbelievable, 'incredi- 
ble.' or 'fartudlly misleading.' Nor docs 
upcrativcncss appear 'unlikely' or an  as- 
mion thereof appear to run counter 'to 
rhat wnuld  he believed would hap n 
by the ordinary p r n o n '  in the an. i& 
doer appellant's f ield of endeavor ap- 
N to k one where ' l i tt le of a success- 6 mature has been developed' or one 

rttid, 'from common h o w l e d  e has 
bag been the subject matter *!much 
humbuggery and fnud.' N o r  has the ex- 
miner  prewnted evidence inconsistent 
c i h  t he  assertions and evidence of 
qpcntivcness presented by  appellant" 
1 ootnotes oinit ied). 
Consonant wi th the foregoing. l e  er- 

m ' s  unsupported skepticism as to the 

111l111\ < I 1  111e ( l . 11111 l~ I l  111\,'1111~111 iL ,>< . \  ll<>l 

p 8 n I < l c  .I k ~ . l I l ~  . l l < l ~ p l , l l l l , ~  ll.I\l\ (#,I. I,'. 

I<',  I I I I K  I I I C  <1*11111\ II I\ ~ l l ~ ~ l ~ ~ l ~ Y l  111.11 I,, 

ll)$l 0 1  I l l*. . l l l t ~ \ l  111l~e\.1111l111'1 111.1\ lN.l l,~l 
~ppiccid ic  ihc pcrii l ici it \ 01 illr Ilolcli l lqr 

I'Sl'Q :$)ti 
411 c i l  thr claims ~ l s o  \i.iiid Ic'jc, ictt 

~'nii&i 35 1:N: I I:! b e u i i w  thc ~ W I  i l i c  .I- 
i i o i i  hrrrin fail3 to sei Iorth thr bcsi incdc 
I onicmplaied b! the inventor 01 ( JI~\IIIX 
out hi\ i inei i i ion" (.\iirwcr. p g r  4 I 

[4] From the euminer ' r  cxplandtwn 4 1 1  

tiis osirion. i t  Appears thdl he IS e r r o w -  ,USE, equating b c s i  mode with workin r x  
ampler. H o w w r .  a sperilicati(ii1 nrc-liio; 
coiii.iiii a uclrkii ig cwaniplc. il the i i i v r n t i o ~ i  
IS o i l ie rw i r r  disc-loscd iii sucli a iii.iiincr 
that oiic skilled in the art wi l l  he able t o  
pract icr  II wl ioui  rn iindur .mia)iiiit o l  cx- 
perimentation. In re Borkowk i  ct at. 57 
CCP.4 944;. 950. .I?? F.?d !W. 11% Y S p V  
64?.645. b'ehavenodoubt that t hc invm-  
tion at issue IS disclosed suffiticntl\ to 
comply with the cnteria set forih in Bor- 
Low ski. 

151 In response IO a llani's citation of 
In re  Glass. 4Y? F.2d vg8, 181 l!SrQ.Sl. 
the examiner points io the statenicnt 
therein that failure to sei forth any niodc is 
equivalent to non-cnablemcnt. We inv i te 
attention. however. to the vcrv relevant 
discussion immcdiatcly lollowiii the sen 
tencc to which the examiner rekrq.  Said 
discussion uotcs with a probal from 111 re  
Gay. 50 CEPh 725. 7 f l .  3k F.2d W!), 
77'2. 135 USPQ3l I. 315. which states. in 
part. that the best mode provision {hl: 

"* . . requires an inventor to dirclosc 
the best mode toiiftmplafrd by him. as 01 
the t ime he cxecutcs the Jpplicaticm. of 
carry ing out his invention. Manifcstlv. 
the sole purpnse of this latter rcqutrc-  
n ient is to restrain inventors f rom appi!- 
ing for patents while at the saiiir illlie 
concealing from the puhlic prelerred 
embodimciits of their inrrnt ions which 
they have in far! conceived." 

"As we view portion IS\, we think that 
a n  inventor is in Compliance therewith 11 
h e  does not conceal what he feels is a 
preferred cmbodimeni or his invention 

Since, in this case. we have no cause to 
suspect the inventor orconcealitig aiir pcr- 
t i n rn t  informat ion he may possess. we 
shall not sustain this rcp!ion. , , 

The examiner's ecistnn rejecting 
claims 1-10 is reversed. 

R N m d  

111 b.'i 1 I d l l C  )iclldKd. in!) csp(Lti2 . l11(1 !!to 

..* 
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1 Anna P. Fngelsor! A r t  U n i t  125 
l2/28/7 6 755,100 
David W. Holiaday 

0 '  

@This application has been examined. 

a Tht s action i s  made final. 

~ R e s p o n r t v e  to commumcation filed on 

A SHORTENED STATUTORY PERIOD FOR RESPOYSE TO TH!S ACTION IS SFT TO EXPIRE { f p ( 3 )  MONWS) 

-.cc DAYS FmDW M E  DATE OF THIS LETTER. 

FAILURE TO RESPOND WITHIN THE PERIOD FOR RESPONSE WILL CAUSE M E  APPLICATION TO BECOME ABANDONED. 
35 U.S.C. 133 

THE FOUOIVINC ATIACHMENT(S) ARE PART OF THIS ACTION: 

1. 0 i o t i c e  of References Cited, Form p ~ o a z .  2 . 0  Notice of informal patent mawing, pTo-gM. 

3. NOliCe of informal patent Application, 
Form no-152 

4 . 0  

- 
SUMMARY OF ACTION 

are pending in the appltcatton. 

are withdrawn from consideratton. 

t. @ Claims /2 -17 
of the abovz claims 

2 . 0  Ctatms have been cancelled. 

3 . 0  Claims are allowed. 

/2 - / y  are rejected. 

are objected to. 

dm 9 
5 . 0  Claims 

are wbiect to restriction or election requirement. 6. 0 Claims 

7 . 0  The formal drawing: filed on are acceptable. 

8. 0 m e  drawing correction request filed on 

9. 0 Acknowledgement IS made of the claim for priority under 35 U.S.C. 119. m e  certified copy has 

has been 0 approved. 

0 disapproved. 

c] been received. 
0 not been received. 

been filed i n  parent application: 

0 serial no. __. filed on 
D. 0 Since this application appears to be in condition for allobance except for formal matters, prosecutton as to the 

merits IS closed in accordance with the practice under Ex parte Quayle, 1935 c.0. 11. 453 oc. 213. 

11. m o t h e r  

I 

! 

Form PTO 326 (rmv. 11/m 
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Serial No. 755,100 

Ar t  u n i t  125 

-2- 

The spec i f ica t ion  is objected to for the 

reasons set f o r t h  i n  the last  O f f i c e  ac t ion  of April 6, 

1978 

The claims stand rejected under 35 USC 112 

(paragraph 1) f o r  the reasons of record i n  the absence 

of teachings as to the specific test method employed. 

The claims stand rejected under 35 USC 103 am 

inherent  i n  the teachings of any one of Hofmann 1 or 2, 

Brock or Lin (11, either alone or considered w i t h  tha 

Bohn pa ten t  or Jankowsky f o r  the reasons set fo r th  in 

t h e  l a s t  Off ice  action. There is no evidence of record 

showing any c r i t i c a l i t y  w i t h  respect  to  the use of " te rn  

p lacenta l  p ro te ins-  nor is there any evidence that the 

i n s t a n t  p lacenta l  proteins or methods d i f f e r  in kind 

from tho88 of the art. 

the prote ins  and the proteins per me are 80 i n d e t l n i k  

#at it ir a matter of speculation as to what i a  con- 

tained in m y  f i n a l  product. 

p ro te ins  with salts, depending on concentration, can 

give various d i f f e r e n t  fractions.  

to 'p lusa l i ty"  cf proteiris iz the respcnse of July 28, 

1978, is not  understood. Obviously, the placenta w i l l  

contain a p l u r a l i t y  of proteins. 

8 U C h  mixtures of proteins  present anything new or  

The claimed means of securing 

For example, precipi ta t ing 

Applicant's reference 

I t  is not seen that 

unexpected to the routineer i n  the art. 

This ac t ion  is made FINAL. 

APFagelson: mbr 

A/C 703 

557-2577 

10/0 5/78 



James E. Denny 
Assistant General Counsel f o r  Patents 
United States Department of Energy 

Washington, D. C. 20545 
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1 GROUP 120 

Applicant : David W. Holhd.9 5- 4 2  J + f  Serial No. : 755,100 

For : AGEW AND IEICWOD FOR TRE EARLY DprEcT~m ) 
Filed : D ~ C ~ * W  28, isla 

PREC'IAXY 

Receipt is acknowledged of the following in the above-identified application: 

( x )  Response to Office Action dated April 6. 1978 
( ) Letter to Draftsman 
( ) Affidavit ( ) Petition 
( ) Notice of Appeal ( ) Appeal Brief 
( ) Fee Authorization ( ) Amendment under Rule 312 
( ) Appointment of Attorney ( ) Directive 
( ) PTOL-85b Base Issue Fee 
( ) PTO-1094 with ( ) Sheets Formal Drawings ( ) Withdrawal of Directive 
0 0 -  
0 0 
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I N  THE ti!IITED STATES PATEI4T A!iU TKADEMAEK OFFICE 

! 

! 

APPLICANT: David W. Hol laday 

SERIAL  NO.: 755,100(70) : GROUP 120 

F I L E D  : December 28, 1976 : EXAMINER 

FOR : AGENT AND METHOC! FOR THE EARLY DETECTION 
Anna P. Fagelson 

OF PREGNANCY 

AMENDMENT B 

The Commissioner o f  Patents and Trademarks 
Washington, D. C. 20231 

S i r :  

I n  response to  the O f f i c e  Pc t ion  o f  April 6, 1978, please mend 

t h e  above- ident i f ied app l i ca t i on  as fo l lows:  

IN THE CLAIMS 

Cancel claims 3 ,  7, 9 and 11. 

Add new claims 17, 18, and 19. 

1 

2 comprising obtaining serun o r  u r i ne  f rom a pa t i en t  w i th in  about two 

3 months o f  saspected conception, con tac t ing  said serun or u r ine  w i th  a 

4 pregnancy de tec t ion  agent conta in ing  ant ibodies t o  a p l u r a l i t y  o f  

5 pregnancy-specif ic proteins, and observing whether ant ibodyjant igen 

6 reac t fa t s  occur. the Occurrence o f  a t  l e a s t  one antibody/antigen reac- 

7 t i o n  b d n g  i n d i c a t i v e  o f  pregnancy, sa id  pregnancy detect ion agent pre- 

8 pared by the  method comprising 

9 

17. A method o f  de tec t ing  the existence o f  pregnancy i n  humans 

(a) f i r s t  providing a mix tu re  o f  term placental proteins con- 

10 t a i n i n g  ant igenic pregnancy-specific proteins;  

11 

12 bodies raised against e i t he r  pregnancy-specific proteins o r  normal human 

13 serun proteins t o  cause said ant ibodies t o  react wi th pregnancy-specific 

14 pro te ins  or non-specif ic ant igenic p ro te ins  contained i n a i d  mixture;  

15 

16 o f  the  term placental p ro te in  mix tu re  t o  p rov ide  a mixture o f  an t igen ic  

17 pregnancy-specific PI J te ins  i so la ted  from non-specif ic antigenic 

18 pro te ins ;  

(b) contact ing said mix tu re  o f  term placental  proteins w i th  a n t i -  

(c) separating the reac t ion  products o f  step (b) from the remainder 



19 

20 pregnancy-specific proteins t o  cause said host animal t o  raise ant i -  

2 1  bodies t o  a p l u r a l i t y  o f  pregnancy-specific proteins; and 

22 

23 proteins from antibodies t o  non-specific human proteins. 

1 

2 obtained from said pat ient  wi th in  about one month o f  suspected concep- 

(d) innoculat ing a host animal w i th  said mixture o f  antigenic 

(e) i s o l a t i n g  antibodies t o  said p l u r a l i t y  o f  pregnancy-specific 

18. The method o f  c la im 17 i n  which said serun or ur ine i s  

1 

2 said pregnancy detect ion agent fu r the r  comprises i s o l a t i n g  antibodies 

3 t o  said p l u r a l i t y  o f  pregnancy-specific proteins from non-antibody 

4 host animal serun proteins. 

19. The method o f  c la im 17 i n  which said method fo r  preparing 

Amend claims 12-16 as follows: 

1 12 (hended). The [agent] pregnancy detect ion method o f  claim 

2 [ll] 17 i n  which step (b) canprises contact ing said mixture o f  ten 
3 placental proteins wi th  antibodies raised against pregnancy-specific 

I 
4 proteins. 

1 13 (hended). The [agent] pregnancy detect ion method o f  claim 

2 [113 i n  which step (b) comprises contact ing said mixture o f  term 
3 placental proteins wi th  antibodies raised against normal human =run 

4 proteins. 

1 14 (hended). The [agent] pregnancy detect ion method o f  c l a i m  

2 1113 2 i n  which said mixture o f  placental proteins i s  prepared by 

3 providing a suspension o f  placentai t issue i n  a s t a b i l i z i n g  

4 mediun, separating suspended so l ids from said suspension t o  provide d 

5 supernatant solution, adding a s a l t i n g  agent t o  said supernatant 

6 [solutions] so lu t ion t o  prec ip i ta te proteins and d isso lv ing said pre- 

7 c ip i t a ted  proteins t o  provide said mixture o f  term placental proteins. 

Claim 15, l i n e  1, a f t e r  "The" delete ''agent'' and replace it with 

---pregnancy detection method---. 

Claim 16, l i n e  1 , af ter  "The" delete "agent" and replace it w i th  

---pregnancy detection method---. 



REMARKS 

Claims 3, 7, 9 and 11 through 16 stand rejected under 35 uSC 112 

and 35 USC 102 o r  103. The speci f icat ion i s  objected to  as containing 

i n s u f f i c i e n t  exemplary matter. The present amendment cancels claims 3, 

7, 9 and 11 and adds new claims 17, 18 and 19. New claims 17, 18 and 

19 are previously submitted claims 7, 9, and 3 ,  respectively, wi th  the 

addi t ional  l i m i t a t i o n  tha t  the agent contains antibodies t o  a p l u r a l i t y  

of pregnancy-specific proteins and the placental proteins used i n  pre- 

par ing the pregnancy detect ion agent are from term placentas. A l l  of 

the present claims are directed t o  a method o f  detecting pregnancy 

using an agent defined by i t s  method o f  preparation, i.e. t o  a method 

o f  use o f  a product-by-process. 

The Examiner requested a more complete c i t a t i o n  o f  references 

i d e n t i f i e d  as "Incersociety." The complete c i t a t i o n  o f  the references 

i s  as follows: 
I 

"Proceedings o f  the h e r i c a n  Society o f  Experimental Biology", 

Vol. 33:3, No. 443 (1974). and 

'Proceedings of the hnerican Society o f  Experimental Biology" , 
Vol. 33:3, No. 490 (1974). 

In the Office Action, the Examiner c i t e d  U. 5. Patent 4,065,445 t o  
i 

Bo)wS,cF a l .  as a secondary reference. 

10, 1978 l e t t e r ,  appl icant 's attorney has no copy o f  t h i s  reference. 

This reference i s  not believed t o  be closer than the other a r t  o f  

record and w i l l  not be discussed fur ther  i n  t h i s  response. The 

Examiner i s  requested t o  provide a copy o f  t h i s  reference i f  she 

intends t o  r e l y  upon it further.  

As pointed out i n  the January 

THE INVENTIVE CONCEPT 

Appl icant 's invent ive concept as set f o r t h  i n  the presently sub- 

mi t ted claims i s  based upon the discovery that  term'placentas contain a 

p l u r a l i t y  o f  ant igenic pregnancy-specific proteins, several o f  which 

are present i n  detectable mounts i n  the se rm or ur ine o f  wmen i n  the 

ear l y  stdges of pregnancy. While workers i n  the p r i o r  a r t  were 

apparently aware o f  the existence o f  a number o f  pregnancy-specific 
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p r o t e l n r  i n  placental t issue and pregnancy serun, i t  i s  only the appl i -  

cant ;;k has discovered tha t  a host animal innoculated with a mixture 

o f  t e r n  placental pregnancy-specific prote ins can raise antibodies t o  a 

p l u r a l i t y  o f  proteins which appear i n  preqnancy serum s u f f i c i e n t l y  ea r l y  

t o  be useful i n  a pregnancy test .  The o p e r a b i l i t y  o f  the claimed 

pregnancy tests  f o r  detect ing a p l u r a l i t y  o f  antigens i n  the very ea r l y  

stages o f  pregnancy i s  demonstrated by a numer o f  double-diffusion 

t e s t s  described on pages 14-16. The use o f  the claimed pregnancy- 

detect ion agent represents a s i g n i f i c a n t  advance i n  the art .  Those 

women prone t o  fa lse negatives i n  p r i o r  a r t  tests  based on only one 

s e r m  antigen are now provided wfth a t e s t  capable o f  detectfng any of 

several pregnancy-specific antigens. The improvement i n  re1 i a b i l i t y -  

over the p r i o r  a r t  "s ingle 'ant ibody* t e s t s  i s  self-evident. 

THE 35 USC 102 OR 103 REJECTIONS 

The present claims are d i rected t o  a pregnancy detection method . 

fo r  use i n  detect ing pregnancy w i th in  two months (claims 12 through 17 

and 19) or wi th in  one month (c la im 18) o f  suspected conception. 

Nowhere in  the a r t  o f  record i s  any pregnancy detection method 

described f o r  the ea r l y  stages of pregnancy A f c h  u t i l i z e s  antfbodies 

o f  pregnancy-specific prote ins obtained from pla- 

- L i n  (1) reference deals with t h i r d  trimester serum and i s  not 

c w e r n e d  with pregnancy detection. Hofmann I ,  Hofmann I1 and Brock 

do not describe the use o f  antibodies t o  placental proteins f o r  the 

detect ion o f  ea r l y  pregnancy. Though pregnancy serun was used i n  some 

o f  the immunological t es ts  o f  the references, the condi t ion o f  pregnancy 

had already been confirmed. There i s  no suggestion that  %run from 

m e n  one o r  two months a f t e r  conception w u l d  contain a p l u r a l i t y  o f  

antigens detectable by appl icant 's claimed method. Consequently, 

pregnancy detect ion w i th in  two months o f  conception i s  not inherent i n  

the Hofmann references. 

p a r t  t o  assert that  pregnancy serun used i n  the Hofmann work hes 

It i s  u n j u s t i f i e d  speculation on the Examiner's 
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obtained w i t h i n  two months of conception, especia l ly  since the serum 

had &ready been i d e n t i f i e d  as pregnancy serun. 

teaching t h a t  pregnancy can be i n i t i a l l y  detected by the use o f  ant i -  

bodies t o  a p l u r a l i t y  o f  term placental proteins, the appl icat ion of 

t h e  Hofmann, Brock o r  L in  references t o  the presently submitted claims 

i s unwarranted. 

I n  the absence o f  any 

The Jankowsky reference describes a pregnancy detection method 

employing antibodies t o  f i r s t  month placental proteins. The fact  that  

an antigen might be present i n  f i r s t  month placentas does not indicate 

t h a t  i t  would be present i n  term placentas, especial ly i n  view of 

nunerous teachings on the a r t  o f  record t h a t  m e  placental proteins do 

no t  occur i n  the serun a t  a l l .  See Brock e t  al. As pointed out i n  

appl icant ’s  speci f icat ion,  p. 16, l i n e s  6-10, the prec ip i t in .  bands A i c h  

a r e  strongest f o r  ear ly  pregnancy show i d e n t i t y  wi th  the rJeakest bands 

from th i rd  t r imester  pregnancy serun. It should be apparent term pla- 

centas are more r e a d i l y  avai lab le and consequently less expensive than 

f i r s t  month placentas. If Jankowsky had recognized that  a useful 

detect ion agent could be prepared from term placentas, he cer ta in ly  

would have used term placentas o r  a t  l eas t  suggested t h e i r  use. It i s  

the use o f  appl icant ’s om, teachings tha t  one i s  motivated t o  

placentas t o  prepare a detect ion agent. 

T k  art of record, when taken as a h o l e ,  evidences the unob- 

vlousness o f  the claimed method. Even a f t e r  some f i f t e e n  years o f  

i n tens i ve  immunochemical’ Invest igat ion o f  pregnancy related antigens, 

none o f  the references c i t e d  suggests the use o f  antibodies t o  

a mixture of term placental prote ins i n  a pregnancy test .  Furthermore, 

none o f  the references o r  combinations o f  references suggest that  term 

placentas even contain a p l u r a l i t y  o f  antigens also expressed i n  serum 

or ur ine  i n  the f i r s t  one o r  two months a f t e r  conception, Absent such 

teachings, i t  i s  a c lear d i s t o r t i o n  o f  the p r io r  a r t  as a *ole to 

modify the reference processes t o  perform the claimed invention. 

t h e  Examiner intends to  r e l y  fu r the r  on the a r t  o f  record, she i s  

If 
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requested to i den t i f y  the speci f ic  locat ion of the teachings essential 

t o  establ ish the p r i o r  a r t s '  knowledge or  suggestion o f  the method as 

claimed. 

THE 35 USC 112 REJECTIONS 

The Examiner's continuance o f  the re jec t i on  under 35 USC 112 i s  

s p e c i f i c a l l y  traversed. This re jec t i on  appears t o  be based upon the 

. general a l legat ion that  the speci f icat ion includes i n s u f f i c i e n t  

exemplary matter t o  support the claims and, more spec i f i ca l l y ,  the lack 

o f  spec i f ic  examples of t e s t  methods with protocol and proportions 

empl oyed . 
I t . i s  not c lear  whether the Examiner i s  continuing her o r i g ina l  

. re jec t i on  that  there i s  i n s u f f i c i e n t  disclosure o f  the character is t ics  

o f  pregnancy-specific proteins t o  determine the bounds o f  the claims. 

Nevertheless, the present claims are directed t o  the use o f  a product 

prepared by a speci f ied process and i n  that  context the descr ipt ion o f  

. 

pregnancy-specific proteins i s  made clear, especial ly i n  view o f  the 

d e f i n i t i o n  o f  pregnancy-specific proteins on page 6 o f  the specifica- 

t ion.  The method o f  i s o l a t i n g  pregnancy-specific proteins from non- 

speci f ic  human proteins ind icates tha t  the pregnancy-specific proteins 

specif ied In  the claims are those proteins rh i ch  are not bound on a 

co ldp@epared wi th  anti-noma1 hunan serun as opposed to  those pro- 

te ins,  1.e. normal serun proteins, which react wi th such a colunn. The 

f a c t  t ha t  the proteins might prove useful f o r  the detection o f  cancer 

does not detract  from t h e i r  character as pregnancy-specific as defined 

i n  the speci f icat ion.  Furthermore, the term "pregnancy-specific* i s  

employed frequently i n  the p r i o r  a r t  o f  record t o  def ine a s imi lar  

c lass o f  proteins. 

It i s  not understood how the speci f icat ion can be defect ive under 

the enablement o r  best mode clauses o f  35 USC 112. The pregnancy t e s t  

as presently claimed i s  described i n  the speci f icat ion f i r s t  a t  page 3 ,  

l i n e s  21-25 which states tha t  the method comprises 

"Contacting serun or  ur ine from a pat ient  wi th  an antibody t o  a 
pregnancy-specific prote in  isolated from non-specific antibodies, 
and observing whether an antibody/antigen react ion occurs, the 
occurrence o f  said react ion being ind icat ive o f  pregnancy." 

- 6 -  



Again on page 11, l i n e  31-page 12, l i n e  6 i t  i s  stated 

" A l l  t ha t  i s  necessary f o r  t h i s  pregnancy detect ion method i s  t h a t  
s e r m  from a pa t i en t  be contacted w i t h  an antibody ra ised against 
a pregnancy-specific p ro te in  and the r e s u l t s  observed to  detect  
signs o f  ant ibodylant igen react ion.  The occurence o f  the reac- 
t i on ,  of course, i nd i ca tes  pregnancy. It can be r e a d i l y  appre- 
c ia ted  tha t  any o f  the several methods f o r  detect ing 
ant igenlant ibody reac t i on  i s  sui t a b l e  f o r  detect ing pregnancy 
according t o  my method. Examples of S G G ~  methods are gel p rec ip i -  
t a t i on ,  gel electropherograms, immunoelectrophoresis, crossimuno- 
electrophoresis,  and immunodiffusion." 

One need only review the a r t  o f  record t o  see tha t  such methods are 

c m o n  and w e l l  within the s k i l l  o f  workers i n  the a r t .  

Applicant does no t  regard the mechanical steps o f  these well-known 

immunological techniques as h i s  invent lon  and need not describe them i n  

the  appl icat ion.  What app l i can t  has invented i s  a pregnancy t e s t  

employing the use i n  p r i o r  a r t  t e s t  methods of an antibody agent pre- 

pared using a mixture o f  term placental  antigens. Applicant has 

described the method o f  prepar ing t h i s  agent i n  great d e t a i l  (pp. 3-14) 

and has demonstrated i t s  o p e r a b i l i t y  f o r  pregnancy detect ion by p r i o r  

a r t  techniques (p. 14, l i n e  31-p. 16, l i n e  11). On page 12, l i n e s  7-11 

i t  i s  stated tha t  the pregnancy de tec t ion  method i s  useful for  

de tec t ing  pregnancy w i t h i n  about two months of conception, espec ia l l y  

w i t h i n  about one month o f  conception. It i s  described there in  tha t  gel 

p r e c i p j t a t l o n  was used t o  t e s t  the an t iserun  t o  placental antiqens f o r  

t h e  prtsence o f  antigens i n  the  sera o f  pregnant Homen. I n  wmen o f  

t h e  t h i r d  t r imester of pregnancy, two t o  four  bands were v i s i b l e  a f t e r  

40 hours compared to  a con t ro l  which showed no reaction. On page 15, 

l i n e  21, serun samples were tes ted  by double d i f f u s i o n  against an t i -  

serun t o  placental antigens using placental  ex t rac t  and serun from a 

woman I n  the t h i r d  t r imes te r  o f  pregnancy as a reference. A f t e r  16 

hours one sharp band and one f a i n t  band o f  p rec ip i t a t i on  were observed 

i n  both samples and the two bands merged with bands from both placental  

e x t r a c t  and t h i r d  t r imester  pregnancy serun sample. For both samples a 

p r e c i p i t i n  band was observed as e a r l y  as one hour a f t e r  the s t a r t  o f  

immunodiffusion with th ree  p r e c i p i t a t i o n  bands observed i n  the second 

sample w i th in  24 hours of loading. Bcginning on page 16, i t  i s  stated 
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t h a t  another pregnancy Serun sample was tested against the antiserum 

and gave two p rec ip i t i n  bands wi th in  16 hours. 

I n  view o f  the above statements i n  the speci f icat ion,  i t  i s  not 

understood where the deficiency l i es .  It i s  stated i n  the specifica- 

t i o n  that  the test  can be perfonned by double d i f fus ion.  The declara- 

t i o n  o f  John E. Caton establishes tha t  i f  a person o f  ordinary s k i l l  i n  

t he  f i e l d  o f  immunology and imnunoanalytical chemistry were given a 

so lu t i on  known t o  contain antibodies t o  proteins speci f ic  t o  the serun 

or ur ine o f  pregnant women (such as described by the applicant), that  
, *  t L 

he would be able t o  test  the samples o f  serun or ur ine f o r  the presence 

o f  these proteins speci f ic  t o  pregnancy by the well-know Ouchterlony 

technique o f  double di f fusion. 

o f  ordinary s k i l l  i n  the a r t  o f ten determine the proper concentration 

Dr. Caton fur ther  declared that  workers 
. *  . 

o f  antibody solut ion used f o r  detect ing the presence o f  antigens i n  

solut fons such as urine or serun and that  sucb a person w u l d  be able 

t o  determine the proper concentration by a simple e l l - k n o w  method 

which requires only that  an agar plate be l e f t  overnight. Since no 

undue experimentation i s  required i n  carry ing out the tes t  as claimed, 

no addi t ional  information i s  needed. 

I L  

The re ject ion was based i n  pa r t  on the lack o f  a speci f ic  example. 

The tack o f  a specific example i s  of no moment i n  the present case 

where i t  i s  well wi th in the s k i l l  o f  the a r t  t o  carry out the claimed 

method. The Examiner's pos i t ion that  when one claims a method one must 

have a speci f ic  example carry ing out the method i s  not understood. The 

method appl {cant claims involves the simp1 e contacting o f  serun or 

u r i n e  wi th  the specified pregnancy detection agent. Applicant 

described t h i s  contacting v i a  a double d i f f us ion  test  and suggested 

t h a t  other methods are also suitable. Applicant has not carr ied out 

such other methods and should not be required t o  formulate examples 

based upon these other procedures i n  order t o  claim patent protect ion 

commensurate i n  scope with h i s  discovery, 

The Examiner's requirement f o r  a speci f ic  example o f  a claimed 

method i s  contrary to  current case law. I n  & & Eorkowski, 
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164 USPQ 642, CCPA, 1970, t he  CCPA held qu i te  d i f f e r e n t l y .  

Invent ion  was a process f o r  producing oxygenated hydrocarbons by 

reac t i ng  hydrocarbons w i t h  f e r r i c  ch lo r i de  i n  vapor phase and hydro- 

l y z i n g  the r e s u l t i n g  mater ia l .  The claims were re jec ted  under 35 USC 

112 as based upon i n s u f f i c i e n t  d isclosure p a r t i c u l a r l y  w i th  reference 

t o  a ch lo r i na t i on  step. The Examiner bel ieved tha t  r e l a t i v e  mounts of 

t h e  hydrocarbon and the magnitude o f  reac t ion  times were two parameters 

which the appellant should have disclosed more f u l l y .  While 

acknowledging tha t  the s p e c i f i c a t i o n  need not read as i n s t r u c t i o n s  t o  a 

techn ic ian  and tha t  one might a f t e r  a few hours o f  experimentation 

determine how t o  ca r ry  out and cont ro l  the c h l o r i n a t i o n  o f  methane, the 

Board af f i rmed the Examiner s ta t ing :  

The claimed 

*...the asserted novel ' ty i n  the mode o f  operat ion bhich involves a 
ca re fu l  balance o f  a number o f  d i s t i n c t  reac t ions  makes i l l u s t r a -  
t i o n  p a r t i c u l a r l y  necessary. Desirably and necessar i ly ,  such 
i l l u s t r a t i o n s  should provide an exemplary c o r r e l a t i o n  o f  the  times 
o f  react ion,  ra tes  o f  reactant,  feed and m a t e r i a l  removal 
(ch lo r ina ted  product, f e r r i c  oxide, HC1, etc.). This w u l d  inform 
a man s k i l l e d  i n  the  a r t  o f  the actual f e a s i b i l i t y  o f  appe l l an t ' s  
process and provide some sort o f  jumping o f f  place i n  a plunge 
i n t o  the unknown when planning a ser ies o f  experiments from which 
the  necessary operating parameters of the process may be 
determined .'I 

ne CCPA c r i t i c i z e d  the Board' s p s i  t i o n  saying tha.t the exemplary 

c o r r o l a t l o n  the Board thought necessary was apparently no more than a 

s p e c i f i c  w r k i n g  example. The Court stated: 

'However, as w have s ta ted  i n  a number o f  opinions a spec i f i ca t i on  
need not contain a w r k i n g  example i f  the invent ion  i s  otherwise 
disclosed i n  such a manner tha t  one s k i l l e d  i n  the a r t  w i l l  be 
able t o  p rac t ice  i t  without an undue amount o f  experimentation. 
Here, while i t  may be t h a t  an 'exemplary co r ro la t i on '  o f  parameters 
such as times o f  reac t i on  and rates o f  reactant feed and product 
removal w i l l  g ive the w r k e r  i n  the a r t  some useful informat ion 
and provide a ' junp ing  o f f  place,' we see no basis f o r  concluding 
t h a t  without such i n f o m a t i o n  the worker i n  the a r t  would no t  be 
enabled by the s p e c i f i c a t i o n  t o  p rac t ice  the invention; i .e. t o  
'balance' the  several react ions involved i n  the appel lants '  pro- 
cess. The ' few hours' experimentation mentioned by the Examiner 
c e r t a i n l y  would not seem t o  be an undue amount o f  t ime consider ing 
the  nature o f  the claimed invention." 

I n  the present case, the on ly  work which a worker i n  the a r t  might 

need t o  perform i s  set f o r t h  I n  O r .  Caton's declarat ion.  Since w r k e r r  

i n  the  a r t  are well-acquainted with the needed tes ts  and accustomed t o  

I 

performing them, the r e j e c t i o n  i s  improper. Since the mere l ack  o f  an 
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example i s  not proper grounds fo r  r e j e c t i o n ,  the Examiner i s  requested 

t o  e i t h e r  withdraw the r e j e c t i o n  o r  po in t  out spec i f i c  de f ic ienc ies  

which m u l d  requ i re  undue experimentation. As the Court o f  Customs and 

Patent Appeals pointed out i n  I n  r e  Budnick, 190 USPQ 422, CCPA (1976), 

"Where an app l ican t  asserts t h a t  a s p e c i f i c a t i o n  contains enable- 
ment c m e n s o r y  i n  scope wi th  the  p ro tec t i on  sought by the claims 
bu t  the Examiner i s  o f  the op in ion  t h a t  the d isc losure  i s  not 
enabling, he has the burden o f  subs tan t ia t ing  h i s  doubts concerning 
the  enablement w i th  reasons o r  evidence." 

The best mode r e j e c t i o n  i s  eqLa l l y  unwarranted. I n  I n  r e  

Karnofsky, 156 USPQ 682, CCPA (19681, i t  was held t h a t  a spec i f i c  

example i s  not needed t o  f u l f i l l  the best mode requirement. The claims 

i n  issue were d i rec ted  t o  a process f o r  manufacturing v iny l  acetate 

monomer inc lud ing  a nunber o f  steps and a nunber o f  separations 

i n v o l v i n g  r e c t i f i c a t i o n ,  d i s t i l l a t i o n  and recyc l ing  o f  various cm-  

ponents. In support o f  the  b a r d ' s  affirmance o f  a 35 USC 112 re jec- 

t i o n  i t  was argued tha t  one wishing t o  p rac t i ce  the claimed invent ion  

m u l d  have t o  determine a nunber o f  var iables,  sdch as the richness o f  

t h e  feed t o  the s p l i t t e r  c o l m n  and expected va r ia t i ons  i n  tha t  

r ichness; temperatures a t  t o p  and bottom of the s p l i t t e r  colunn; feed 

rates;  etc.  and would have t o  co r ro la te  these values w i th  pressure 

recyc le  r a t e  and design o f  the colunn i t s e l f  before he could determine 

the method o f  operat ing h i s  process t o  achieve appe l lan t ' s  resu l t .  I n  

answer t o  t h i s  charge the Court pointed out: - 

"Assuming a l l  t h i s  t o  be true, i t  does not concern the question 
before us. Our concern i s  h e t h e r  one of o rd inary  s k i l l  i n  the 
a r t  would know how t o  adjust  these operat ing var iables t o  achieve 
the desired resu l t .  

Appl i can t  has asserted throughout the prosecution o f  h i s  appl ica- 
t i o n  tha t  such adjustments would present no more than a rou t ine  
operat ing problem t o  a chemical engineer. 
t h a t  the mater ia ls  involved have widely separated b o i l i n g  points. 
He has explained the physical phenomenon o f  the law o f  pa r t i a l  
pressure i n  multicomponent d i s t i l l a t i o n s  and argued tha t  a 
d i s t i l l a t i o n  engineer o f  o rd inary  s k i l l  being conversant wi th 
these physical facts would know how t o  operate a s t i l l  t o  achieve 
the  resu l t s  o f  the specif icat ion. '  

A f t e r  f i nd ing  tha t  the Board had no cont rover t ing  fac ts  the Court held 

i n  favor o f  the appl icant po in t i ng  out: 

He has noted the f a c t  



"Where on2 of ordinary s k i l l  i n  the a r t  would know how t o  select  
operat ing conditiGns so as t o  achieve a p a r t i c u l a r  r e s u l t ,  the 
f a t l u r e  t o  include a r e c i t a t i o n  o f  Some s p e c i f i c  operat ing con- 
d i t i o n s  i n  the s p c c i f i c a t i o o  cannot g i ve  r i s e  t o  a r e j e c t i o n  
e i t h e r  under the 'enab l ing '  o r  under the 'bes t  mode' requirement 
o f  35 usc 112." 

In  view o f  the above dec is ions  i t  i s  submitted t h a t  the Examiner 

has f a i l d  t o  meet her burden t o  s p e c i f i c a l l y  p o i n t  out informat ion 

t h a t  i s  needed t o  ca r ry  out t he  invent ion  and i s  bo th  l ack ing  i n  the 

s p e c i f i c a t i o n  and incapable o f  determinat ion w i t h  o n l y  a m a l l  mount 

o f  r o u t i n e  tes t i ng  w l l  w i t h i n  the  s k i l l  o f  t he  a r t .  

It i s  bel ieved tha t  the  present ly  submitted c la ims are i n  

canpl iance w i th  35 USC 102, 103 and 112 and a Not ice  o f  Allowance i s  

requested. 

c l a i m  language, a telephone c a l l  t o  app l i can t ' s  a t to rney  i s  suggested. 

If the Examiner has any suggestions o r  questions as t o  

Respectful 1 y submitted, 

A t to rney  f o r  app l i can t  

Oak Ridge, Tennessee 

FTS-850-4334 (Commercial AC 615-483-8611 , Ext. 34334) 

Uzzell :br 
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Address COMMISSONER Of PATENTS A N 0  TRADCMARKS 
Washington. 0 C 20231 

125 1 
0 .  

M fiAILED I ED. 

I 

PART I 

PART I1 

, 

P A T E N T I  A N D  T R A D E M A R M Y  

W T h i s  app!ication has been examined. 

@Respmsive to communication f i led on 

0 This action is made final. 
-- 

4 SHORTENED STATUTORY PWOD F O R  RESWNSE TO THIS ACTION IS SET TO EXPIRE &+? f?) MONTH(S) - &US FKIM THE DATE 9 F  T H I S  LETTER. 

FAILURE TO RESPOND WITHIN THE PERIOD FOR RESPOhSE WILL CAUSE THC APPLICATION TO BECOME ABANDONED- 
35 U.S.C. 133 

i 
WE FOLLOWING ATTACHMENTW ARE PART OF THIS ACnON: 

1- 9 Notice 01 References cited. ~ o r m  PTO-892. 2 0 w t i c e  of informal patrnt Drawing, pTO-948. 

3. a Notice of Informal Paent Application, 4 . 0  
Form PO-152 

-A- 

SUMMARY OF ACTION 

1.p Claims 7 /7 C // - // are pending in the applicatton. 

are withdrawn lrom considerahon. 01 kr h v e .  claims 

- have Seen canc-llrd. 

Claims arc allowed, 

Claims 5, .J! 

Claims 

Claims 

The forral dra;*,ings I Ird on - are acceptable. 

The drawine correcticn becuest f i led on has been 0 apbmvcd. 

are rejected. 

dre obierted to. 

are subject to restriction or electon reou~rplent. 

I- 

CJ r~isappcoved. 

Form PTO 326 (rev. 1 l/m 



Serial KO. 755, LOO 
A r t  Unit 125 

- 2- 

- .  
3 

. -i . 

i 

c 

B 
1 

The specification is again objected t o  ar in- 
cluding insufficient exemplary matter t o  ntpport the 

claims €or the reasons oet for th  la the lart Office 

action. 

best mode ccntemplated. 

the art ~ a y  davelop a t e s t  employing the placental en- 
tigens is of no moment where here applicant i s  clafming 

such netho:! ci-d seeks patent rights fo r  auch method he 

now c ~ n t a s  . y be developed by others. 

The statute8 requirr  a f u l l  disclosure of the 

The fac t  that thoaa rkil led in 

The claims therefore rtand rejected Mder 35 

USC 3.12 (psr  1) for the reasons above ret forth. 

The ckims ate rejected under 35 USC 102/103 

as iil!1zr:- '_ &n tha teachings of any one of Hofmaml or 2, 

Brocko o r  X?. (1) either alone o r  considered with the 

Bohn pstant, r.ewly cited, or JankowatCy. 

and L h  are dr:emed t o  teach the use and mearm of preparing 
Hofman)l,Brock 

anti,, ~ - ~ n > ~ . .  .--e -,lc9ncy specific proteinr. Moreover, it 

is not c?, . that such proteins a re  rendered newly 

patc::*abXc L; the recitation of the means o f  preparing 

sarcie. Ti15 G--Z of such placental proteins in detecting 

prega:~:; R ::.Lie inherent i n  the teachings of Hofmarry\, 
4 

Brock c Lln 13 further taught by Bob and Janlcowslq~, the 
- . l a t t e t -  :? c c r t i c u l a r  noting t h e  early detection. . .  
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is 

Jamn:; E. Denny 
Assistant  Ce~era l  Col:is:al S O K  Pntccits 

United Stztes  Departr.cnt 01 Energy 
Washington, D.  C .  20545 

David w. H o l l i m ~  1 
1 75 5,100 

December 28, 1976 
AGENT AND m O D  FOR TtE EARLY DETECTION ) 

GROUP 120 

OF PREGMNCY 

acknowledged of the f o l l o v i n g  i n  the above-identif iea appl iczt ion:  

Response t o  Off ice  Action dated S c p t u m b e r  19, 1977 . 
L e t  t e z  t o  Lira r' tsman 
A E f i d m i t  ( ) P e t i t i o n  
Notice of dpc=al ( Appc?al Brief 
Fee Authorizatiori ( ) Amendment under Rule 312 
Appoixtrrtenc cf Attorney ( Directive 
PTOL-85b Case Iscur Fee 
PT3-1994 with ( ) Sheets Fo-rmal Drawings ( ) Withdrawal of Diractivo 

37 CFR 1.132 0 
- -  A r t  mt+r wfcvs of 11 cited refertnccl ( ) - 

1 
1 

i 



IN THE UNITEDSTATES PATENT AND TRADEMARK OFFICE 

APPLICANT : David W. Holladay 

SERIAL NO.: 755,100(70) : GROUP 120 

FILED : December 28, 1976 : EXAMINER 

FOR : AGENT AND METHOD FOR THE EARLY 
Anna P. Fagelson 

DETECTION OF PREGNANCY 

AMENDMENT A 

The Commissioner o f  Patents & Trademarks 
Washington, D. C. 20231 

S i r :  

6 

I n  response t o  the  O f f i c e  Ac t ion  dated September 19, 1977, 

please amend the  above- ident i f ied a p p l i c a t i o n  as fo l lows:  

I N  THE SPECIFICATION 

Page 15, l i n e  26, de le te  "p lacneta l "  and replace i t  w i t h  

- - -p lacenta l  ---. 
I N  THE CLAIMS 

Cancel c la ims 1, 2, 4, 5,  6, 8, and 10. 

Claim 3, l i n e  1, a f t e r  "claim" de le te  "1" and replace i t  w i th  

---I1 - - - *  

'\ I 

'method o f  de tec t i ng  the existence o f  pregnancy i n  

contact ing]  o b t a i n i n g  serum o r  u r i n e  from a p a t i e n t  

hths of suspected conception, con tac t ing  said 
'. 

th&.agent of c l a i m  [l] 11 and observing whether [an] 

Add new claims 11-16. 

agent prepared by the method comprising 

o f  p lacenta l  p ro te ins  containing 
'\ 1 

* * I C  

1 %  2 

15 



0 0 
I 

of placental proteins with antibodies 

proteins o r  normal human serum 

I -  -2 - 

6 protein t o  cause sai  antibodies to  react  with pregnancy-specific 

7 proteins non-spe f i c  antigenic proteins contained in said mixture; 1; 8 c\/ sep a t ing  the reaction products of s tep (b) from the remainder 

9 of the placenta otein mixture to  provide a mixture of antigenic 
-+ 

10 

11 

12 

13 

14 

15 

16 

1 

2 

3 

1 

2 

3 

1 

L 2  

3 

4 

5 

6 

1 

2 

3 

from non-speci f ic  anti  genic 

with said mixture o f  antigenic 

said host animal t o  ra ise  ant i -  

proteins ; 

l 
proteins from 

14. The  a ent f claim 11 in which said mixture of placental 

proteins i s  prep ed by providing a suspension of placental t issue i n  a 

s tabi l iz ing me u , separating suspended sol ids  f r o m  said suspension t u  

provide a su ernat  n t  solution, adding a sa l t ing  agent t o  said super- 

natant sol ions to  recipi ta te  proteins and dissolving said precipi- 

tated p r  e ins  t o  provide said mixture of placental proteins. 
ddLf!h--- 

aim 14 in which said s tabi l iz ing medium i s  

15. K The%= 

selected from the group of phosphate buffer and perchloric acid and s a i d  

sal t ing agent i s  selected from the group of amnonium sulfate  and sodium 

4 sulfate .  
L&&rh & 

16. T h e s ' o i d c l a i m  14 in which said s tabi l iz ing medium i s  

2 phosphate buffer and said salt ing agent i s  amnonium sulfate.  c 
- 2 -  



REWRKS 

Claims 1-10 stand r e j e c t e d  under 35 USC 102 and 35 USC 103 on 

var ious combinations o f  Fisk,  t h e  Japanese patent, the  German patent, 

t he  Schuyler a r t i c l e  and the  Seppala a r t i c l e .  Claims 1-10 a l so  stand 

re jec ted  under 35 USC 112 based upon i n s u f f i c i e n t  exemplary matter and 

on i n s u f f i c i e n t  d isc losure  as t o  s p e c i f i c  t e s t  methods. 

amendment cancels claims 1, 2, 4, 5, 6, 8, and 10, and adds new claims 

The present 

11-16. Claims 3 and 7 are  made dependent on new c la im 

In  a telephone i n t e r v i e w  on December 5, 1977, app 

argued t h a t  the  present ly  submit ted product-by-process 

11. 

i c a n t ' s  a t to rney  

and use claims 

are  s u f f i c i e n t l y  s p e c i f i c  i n  scope t o  be i n  compliance w i t h  35 USC 112, 

f i r s t  paragraph and t h a t  t he  spec i f i ca t i on  contained s u f f i c i e n t  d i s -  

c losure  t o  support the  c la ims under 35 USC 112, second paragraph. 

App l ican t ' s  a t to rney  po in ted  o u t  t h a t  T i t l e  35 USC has no requirement 

f o r  s p e c i f i c  examples such as t h e  de ta i l ed  pregnancy t e s t  procedure 

suggested by the  Examiner. The Examiner i s  re fe r red  t o  the case o f  

I n  r e  Borkowsky, 164 USPQ 642 CCPA (1970) which c l e a r l y  sets fbrth the 

requirements o f  the  s p e c i f i c a t i o n .  

need n o t  con ta in  a working example i f  the  invent ion i s  otherwise d i s -  

closed i n  such a manner t h a t  one s k i l l e d  i n  the a r t  w i l l  be able t o  

p r a c t i c e  i t  wi thout  an undue amount of experimentation. I n  t h i s  con- 

nection, app l i can t ' s  a t to rney  po in ted  ou t  t ha t  workers i n  the  f i e l d  o f  

inmunology are we l l  acquainted w i t h  tes ts  such as imuno-d i f f us ion  and 

could e a s i l y  determine proper t e s t  condi t ions such as the appropr iate 

concentrat ions of antibody so lu t i on .  The Examiner ind ica ted  tha t  such 

an argument would be persuasive and suggested tha t  the evidence be 

The Court he ld  t h a t  a spec i f i ca t i on  

submitted. 

The accompanying dec la ra t i on  o f  John E. Caton, one o f  several yelrt 

experience i n  the f i e l d s  of inmunology and innnunoanalytical chemistry, 

establ ishes t h a t  workers of o rd ina ry  s k i l l  i n  the f i e l d  o f  immunoloqy 

and innnunoanalytical chemistry a re  w e l l  acquainted w i t h  double d i f f , s  ' Y  

techniques f o r  detect ing the  presence o f  antigens i n  a sample by t h e  , I C  

- 3 -  



of an t ibody  so lu t i ons .  The use o f  dec la ra t ions  under 37 CFR 1.132 t o  

e s t a b l i s h  the  l e v e l  of s k i l l  i n  the  appropr ia te  a r t  i s  i n  conformance 

w i t h  the  Court  o f  Custom and Patent Appeals dec is ion  o f  I n  r e  Doyle, 179 

USPQ 227 (1973). The dec la ra t ion  p o i n t s  o u t  t h a t  i t  would be a simple 

ma t te r  f o r  one t o  determine how t o  c a r r y  ou t  the  pregnancy t e s t  o f  the  

present i nven t ion  i f  one were given a s o l u t i o n  known t o  contain a n t i -  

bodies t o  p r o t e i n s  s p e c i f i c  t o  the  serum or u r i n e  o f  pregnant women, 

such as t h e  so lu t i ons  demonstrated i n  the  spec i f i ca t i on .  The declara- 

t i o n  a l s o  se ts  f o r t h  the simple procedures customari ly used i n  the a r t  

so t h a t  t h e  Examiner can he rse l f  judge the l e v e l  o f  s k i l l  o f  the a r t .  

I n  view o f  the  f a c t  t h a t  app l i can t ' s  pregnancy de tec t ion  method can be 

c a r r i e d  o u t  w i t h  well-known t e s t  procedures w i t h  on l y  a minimal amount 

o f  exper imentat ion and t h a t  workers i n  the  re levan t  a r t  are accustomed 

t o  de termin ing  the  proper cond i t ions  f o r  conducting such tests,  i t  i s  

urged t h a t  the  r e j e c t i o n  under 35 USC 112 be withdrawn. 

THE INVENTIVE CONCEPT 

App l i can t ' s  invent ive  concept i s  based upon the discovery 3 a t  

an t ibod ies  r a i s e d  against  a mixture of  pregnancy-specif ic p lacental  

p ro te ins  c o n s t i t u t e s  a h igh l y  e f f e c t i v e  pregnancy detect ion agent 

capable o f  r e l i a b l y  de tec t ing  the  very  e a r l y  s t a g s  o f  pregnancy. 

App l ican t ' s  pregnancy detect ion agent i s  prepared by f i r s t  providing a 

mix tu re  o f  p lacenta l  proteins;  separat ing an t igen ic  pregnancy-speci f i c  

p ro te ins  from s a i d  placental  p r o t e i n  m ix tu re  by immuno-chemical tech- 

niques and r a i s i n g  ant ibodies t o  the i s o l a t e d  pregnancy-specific 

p ro te ins .  

f rom ant ibod ies  t o  non-specif ic human p ro te ins  and can al:o be i so la ted  

from animal p ro te ins  t o  provide a h i g h l y  e f f e c t i v e  pregnancy detect ing 

agent. App l i can t ' s  invent ion  cons t i t u tes  the  pregnancy detect ing agent 

prepared by the  described process and a method of use f o r  the de tec t ion  

The ant ibodies t o  pregnancy-specif ic p ro te ins  are i so la ted  

o f  pregnancy. The advantages o f  app l i can t ' s  t e s t  a re  especial ly r e a l -  

i zed  wnen i t  i s  used f o r  the de tec t ion  o f  pregnancy w i t h i n  about two 

months and w i t h i n  about one month o f  conception. 

- 4 -  
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PRIOR ART 

Nowhere i n  the  p r i o r  a r t  c i t e d  by the Exanliner i s  any pregnancy 

d e t e c t i o n  agent o r  method described which makes use o f  ant ibodies t o  a 

m ix tu re  o f  pregnancy-specif ic p ro te ins  known t o  be present i n  e a r l y  

pregnancy. 

t h i s  i nven t ion  t o  be more e t fec t i ve  &an p r i o r  a r t  agents which contain 

an t ibod ies  t o  on ly  one pregnancy-specific protein.  Since the l eve l s  o f  

pregnancy-speci f i c  p ro te ins  can be expected t o  vary among ind i v idua l  

women, i t  can be r e a d i l y  seen t h a t  app l i can t ' s  agent which detects more 

than one pregnancy-specific p r c t e i n  w i l l  be s i g n i f i c a n t l y  more accurate 

than the  p r i o r  a r t  methods. ?he accuracy of the claimed pregnancy 

The use of a mix tu re  causes the pregnancy de tec t ion  agent o f  
* ! , ,  . I *  . . . +  

*s L 

-s. * 1 "  

-*..at 

. :. . "-. ; , - , a  w 

' *  - . -4. *.*,Fa 
de tec t i ng  agent i n  the claimed method i s  demonstrated on pages 14-16 o f  

.-&a,&.- - *  
t h e  spec i f i ca t i on .  

t h i r d  t r imes te r  serum from-three wo 

women i n  t h e i r  second pregnancy, and three women i n  t h e i r  f i r s t  preg- 

nancy, as compared t'o a prev ious ly  pregnant woman tak ing  an estrogen- 

based b i r t h  con t ro l  p i l l .  The preience o f  2 t o  4 p r e c i p i t a t i o n  bands 

i n d i c a t e d  the presence of a t  l e a s t  two t o  four pregnancy-specific pro- 

t e ins .  The de tec t ion  agent gave negative tes ts  against a succession of 

The agent o f  t h i s  invent ion  proved p o s i t i v e  against 

i n  t h e i r  t h i r d  pregnancy, three 
. . - I  C I I l  

, . r 'U .  ?.--2&.L.." 

' ,  

batches o f  pooled normal human serum and was pos i t i ve  against  a l l  of a 

smfes of f o r t y  samples of t h i r d  t r imes te r  pregnancy serum. The agent 

t e s t e d  negat ive  against  t he  sera of . ten  non-pregnant women inc lud ing  

those prev ious ly  pregnant. O f  f o u r  cases tested, no reactio; was shown 

w i t h  sera from women tak ing  estrogen re la ted  contraceptives. The u t i l i t y  

o f  claimed t e s t s  f o r  t he  e a r l y  'de tec t ion  of pregnancy was demonstrated 

success fu l l y  i n  a woman a t  1.8-22 days a f te r  conception, 22-26 days a f t e r  

concept ion and a t  28-32 days a f t e r  conception. A t  l e a s t  10 d i s t i n -  

I. E 5 

t r y ,  t -.,, L 1' 

.. - .. . - f ,  ~ 

. ,.. 

. I  

guishable p r e c i p i t a t i o n  bands developed f o r  the pos i t i ve  samples. 

f a c t  t h a t  the serum from d i f f e r e n t  women demonstrated d i f f e r e n t  numbers 

o f  e a r l y  p r e c i p i t a t i o n  bands demonstrates the super io r i t y  o f  the pr2g- 

nancy de tec t ion  agent'wtd'method over the p r i o r  a r t .  I n  the  p r i o r  a r t  

methods, i f  a pregnant p a t i e n t  had an unusually low leve l  of-  the s ing le  

The 

. 
- 5 -  



detectable ant igen, a fa l se  negat ive would r e s u l t .  I f  an i r r e g u l a r  

cond i t i on  caused a h igh  l e v e l  of the detectable an t igen i n  the non- 

pregnant pa t i en t ,  a f a l s e  p o s i t i v e  would r e s u l t .  

m u l t i p l e  pregnancy-speci f ic  antigens w i t h  the claimed agent c l e a r l y  

reduces the p o s s i b i l i t y  o f  e i t h e r  f a l s e  r e s u l t .  

The de tec t ion  o f  

The F isk  method u t i l i z e s  ant ibodies t o  on l y  human chor ion ic  gonado- 

t r o p i n  (HCG). 

p u r i f i e d  HCG and the re  i s  no suggestion t h a t  pregnancy associated 

t i ssues  would con ta in  o the r  pregnancy-specif ic antigens. 

mot iva t ion  f rom F isk  f o r  one t o  prepare a pregnancy de tec t ing  agent 

u t i l i z i n g  an t ibod ies  t o  more than one pro te in .  

teaches on ly  t h a t  HCG i s  present i n  human placenta and i s  useful  as an 

ant igen fo r  p repar ing  an antibody. 

cen ta l  t i ssue  conta ins  a m ix tu re  o f  pregnancy-specif ic antigens which 

can be used t o  r a i s e  an t ibod ies  useful i n  a pregnancy de tec t ing  method. 

The German paten t  teaches t h a t  pregnancy-specif ic p ro te ins  can be i so -  

l a t e d  from p lacenta l  t i ssue.  It should be noted t h a t  the  beta- 

g lycopro te in  o f  the  German paten t  i s  i s o l a t e d  from o ther  placental  

p ro te ins  before i t  i s  used t o  r a i s e  antibodies. 

that several pregnancy-specif ic p ro te ins  from p lecenta l  t i ssue  can be 

ted i n t o  a h o s t  and r a i s e  a de tec t ion  agent capable o f  de tec t ing  

presence of a p l u r a l i t y  of pregnancy-specif ic p ro te ins  i n  serum or 

The pregnancy de tec t ing  agent o f  F i s k  i s  prepared from 

There i s  no 

The Japanese reference L 

There i s  no suggestion t h a t  p la -  

There i s  no suggestion 

Y '  

k 

u r ine .  

The Schuyler reference a c t u a l l y  teaches away from app l ican t ' s  

concept. While Schuyler suggests t h a t  a pregnancy de tec t ing  agent can 

be prepared from ant ibod ies  t o  HCG Schuyler s p e c i f i c a l l y  suggests t h a t  

h igh l y  p u r i f i e d  hormones be used t o  prepare the antiserum, ra ther  than 

a mixture o f  several  d i s t i n c t  antigens as shown by app l ican t .  The 

Seppala reference descr ibes the  human placental  lac togen ic  hormone, HPL. 

i s  present i n  pregnancy, and t h a t  HPL i s  ant igenic.  

concerning the l e v e l s  o f  HPL are  fo r  periods a f t e r  the 30th week o f  

ges ta t ion  and do n o t  i n d i c a t e  t h a t  HPL was present s u f f i c i e n t l y  ea r l y  in 

A l l  o f  the data 

ges ta t ion  t o  be use fu l  i n  a pregnancy tes t .  

- 6 -  



The T reference does no t  appear t o  deal w i t h  pregnancy de tec t ion  a t  

a l l  but t o  the presence of a lpha-feto p ro te ins  and t h e i r  possible r e l a -  

t i o n s h i p  t o  cancer. Chemical abs t rac t  25559 apparently does no t  concern 

the de tec t ion  o f  pregnancy bu t  merely the presence o f  antigens i n  preg- 

nancy serum and f e t a l  serum. 

aga ins t  p lacenta l  t i ssue i n  pregnancy serum apparently were ra ised 

aga ins t  the e n t i r e  spectrum o f  serum o r  p lacenta l  proteins and t h a t  no 

at tempt was made t o  separate pregnancy-specif ic p ro te ins  from non- 

It should be noted t h a t  the antiserums 

s p e c i f i c  an t igen ic  proteins p r i o r  t o  i n j e c t i o n  i n  the host. As i n d i -  

ca ted  i n  app l i can t ' s  disclosure such methodology would produce very low 

t i g h t e r  antiserum and may mask the  hos t ' s  response t o  the pregnancy- 

s p e c i f i c  antigens. Again there i s  no suggestion t h a t  such an an t iserun  

would be useful  f o r  detect ing e a r l y  stages o f  pregnancy and there i s  no 

discussion as t o  when the described pro te ins  might have appeared dur ing 

the  ges tz t ion  period. Chemical abs t rac t  25702 describes the de tec t ion  

o f  beta-glyco pro te ins  i n  maternal serum. There i s  no descr ip t ion  o f  

t he  method of prepar ing whatever ant ibodies were used t o  detect  a beta- 

g l yco  protein;  c e r t a i n l y  no suggestion t o  use a mixture o f  ant igenic 

pregnancy-specif ic p lacental  p ro te ins  t o  prepare antibodies useful  f o r  

d-tlon o f  pregnancy. 
r- 
-44, 

ic 
THE CLAIMS -- *-" 

Claim 11 i s  d i rec ted  t o  a pregnancy de tec t ion  agent prepared by 

app l i can t ' s  spec i f i c  process of i n i t i a l l y  p rov id ing  a mixture o f  p la -  

cen ta l  p ro te ins  and separating an t igen ic  pregnancy-specific p ro te ins  

from the  mix tu re  p r i o r  t o  innocu la t ion  o f  a host animal and i s o l a t i n g  

t h e  hos t  produced antibodies t o  the  s p e c i f i c  p ro te ins  from ant ibodies t o  

non-spec i f i c  human proteins.  The de tec t ion  agent o f  c la im 11 then i s  

capable o f  de tec t ing  the presence o f  a v a r i e t y  o f  pregnancy-specific 

ant igens i n  pregnancy serum or ur ine. Since there i s  no teaching In 

t h e  c i t e d  references tha t  a host could produce a s u f f i c i e n t  amount o f  

an t ibod ies  t o  a v a r i e t y  o f  pregnancy-specific p ro te ins  t o  be useful i n  d 

- 7 -  
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pregnancy t e s t  then applicant 's  claimed detection agent which contains 

antibodies to  a mixture of pregnancy-specific proteins could n o t  be 

obvious. 

applicant 's  examples by the formation of several precipitation bands i n  

tests against pregnancy serum. Claim 3 is directed to  the agent of claim 

1 prepared by the method which further comprises isolat ing antibodies t o  

pregnancy-speci f i c  proteins from non-antibody host animal serum pro- 

teins. 

more concentrated i n  the antibodies t o  pregnancy-specific proteins by 

the elimination of other animal proteins. 

The presence of a mixture of antibodies i s  demonstrated i n  

T h i s  procedure produces an antiserum which would be relat ively - 

Claim 7 i s  directed to  the use o f  the agent of claim 11 to  detect  

pregnancy w i t h i n  about two months o f  supposed conception. I t  i s  i n  the 

detection of early pregnancy that  the claimed pregnancy t e s t  excels. The 

use o f  the claimed agent t o  detect  pregnancy w i t h i n  about 2 months of 

gestation requires a knowledge tha t  several o f  the specif ic  antigens 

present i n  early pregnancy a re  present i n  placental t issue and can evoke 

a combined antibody response suff ic ient  t o  make the antiserum capable of 

detecting a mixture of early expressed antigens. 

was apparently unavailable i n  the prior a r t ,  claim 7 could not be 

obvious. 

wWPfn about one month of conception is even mor? unobvious i n  view o f  

t h e  pr ior  a r t  methods. 

Since th i s  knowledge 

Likewise, claim 9, directed t o  the detection of pregnancy 

Claims 12 and 13 are  directed to  the agent prepared using par- 

t i cu l a r  methods of immunologically separating pregnancy-specific pro- 

teins from a mixture of placental proteins. As described ea r l i e r ,  

neither of the pr ior  a r t  methods make a separation b u t  separates a 

single pregnancy-specific protein prior t o  injecting into the host. 

is only the present applicant who recognizes that  highly accurate 

antiserum can be raised against a mixture of pregnancy-specific pro:etns 

recovered from placental t issues and that  such an antiserum is  sub- 

s tan t ia l ly  superior for the early detection of pregnancy to  pr ior  a r *  

It 

antiserum raised against a single antigen. 

- a -  



l a im  14 i s  directed t o  the agent o f  c la im 11 prepared from the 

re of speci f ic  proteins provided by the p rec ip i t a t i on  techniques 

as shown i n  appl icant 's disclosure, pages 4-5. 

spec i f icat ion a t  page 13, l i n e s  3-5, some of the unprecipi tated prote ins 

have shown t o  be pregnancy-specific. Claims 15 and 16 are d i rected t o  

the agents prepared by the method o f  pages 4-5 and Example 11. 

As indicated i n  the 

The super ior i ty  o f  appl icant 's  t e s t  methods using appl icant 's  

claimed detection agent i s  demonstrated by comparing appl icant 's r e s u l t s  

i n  the detection o f  very ea r l y  pregnancy w i th  the resu l t s  o f  p r i o r  a r t  

immunological pregnancy tests .  

p r i o r  a r t  l e t t e r ,  (Lamb, Bel l ,  D i e t r i c h  e t  al., and Homi tz  e t  a l b  

c l e a r l y  show the improved accuracy o f  appl icant 's invention. Accoiding 

t o  the Be l l  reference p r i o r  a r t  pregnancy tests  based on HCG range from 

2-24% e r ro r  o r  inconclusiveness. 

pos i t ives appears during the per iod 35-49 days a f t e r  the l a s t  menstrual 

period, ind icat ing the reduced accuracy f o r  the detection o f  ea r l y  

pregnancy. The Horwitz e t  a l .  a r t i c l e  more dramatically i l l u s t r a t e s  the 

reduced accuracy during e a r l y  stages o f  pregnancy. The p a r t i c u l a r  t e s t  

studied i s  only 322 accurate a t  31-40 days from the l a s t  normal men- 

. 

Some o f  the references accompanying the 

The greatest percentage o f  f a l se  

r id and only 92% accurate i n  41-50 days from the l a s t  normal 

1 period. The Lamb reference indicates tha t  the tests i n v e s t i -  

r e  based on HCG. The tes ts  described had inaccuracies ranging 

from 12-265 f o r  a l l  periods o f  gestat ion testing. 

The Diet r ich a r t i c l e  a lso demonstrates the accuracy o f  pregnancy 

tes ts  based on HCG. 

be enough HCG present i n  a u r ine  sample t o  neutral ize anti-HCG added, 

thereby giv ing false readings. * 

indicates the leve l  o f  HCG normally present i n  pregnant women. It i s  

apparent that  a pregnancy t e s t  must be capable o f  detecting leve ls  less 

than about 5,000 IU/L i n  order t o  r e l i a b l y  detect pregnancy sooner than 

about 50 days a f te r  the l a s t  menstrual period (which would be about 35 

I t  i s  stated t h a t  i n  ear ly  pregnancy there may no t  

Figure 1 o f  the Diet r ich reference 

days a f t e r  conception.) This s e n s i t i v i t y  requirement creates compl i- 

cations when one considers the problem described i n  the Lamb reference; 

- 9 -  
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THAT If a person o f  ordinary s k l l l  I n  the a r t  o f  lmnunology or 

Inmunoanalytlcal chemistry were given a so lut ion known t o  contain 

antibodies t o  proteins speci f ic  t o  the s e w n  or ur ine o f  pregnant 

women, said person would be able t o  t e s t  a sample o f  the s e w  or 

urlm for  the pmtence o f  these p r o k i n s  speci f ic  to pregnancy sermn' 

4r ur ine  by Va wel l -km Ouchterlony technlqu) o f  double diffusion; 

THAT o n  o f  o r d l ~ r y  skill i n  the a r t  of f&mlogy or trartna- 
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MAT If a person of ordinary s k t l l  i n  the a r t  o f  conductfng 

double tmnunodlffuslon analysfs were given a solut ion known to 

contain antlbodles t o  pmteins speclflc to the s e m  or urine o f  

pragnant women, he would be able t o  de tarn ln  the proper concen- 

t ra t ion  or t l t e r  of antibody solution to  use I n  a double dif fusion 

by the following method dtb ,uhlcb he would b. familicr: 

test  for tha presence of theta proteins specff ic to pngnrncy 

Using a plate  f i 1 1 d  with agar i o n t i i n i m  a a n t r a t  we11 

and five surrounding wells e q u l d i s t a n t l f m  the ecotral 

. -  ' 
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I N  THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: David W. Holladay 

SERIAL NO.: 755,100(70) 

FILED: December 28, 1976 

FOR : AGENT AND METHOO FOR THE EARLY 
DETECTION OF PREGNANCY 

REQUEST FOR EXTENSION OF TIME 

The Commissioner of Patents I Trademarks 
Washington, 0. C. 20231 

S i r :  

I t  1s respec t fu l l y  requested t h a t  the periol 

: GROUP 120 

: EXAMINER 
Anna P. Fagelson 

.Jr response t o  

the Office Act ion of September 19, 1977, be extended f o r  an addi t ional  

month t o  January 19, 1978. I n  a telephone interview w i th  the Examiner 

on December 5, 1977, appl icant 's  attorney argued t h a t  the speci f icat ion 

was not defect ive under 35 USC 112 fo r  f a i l u r e  t o  contain a detai led 

example of t he  pregnancy t e s t  procedure. I t  was pointed out  t h a t  

workers i n  the f i e l d  o f  imnunology and biochemical analysis are wel l  

acquainted w i t h  such tests  and could eas i l y  determine the proDer t i t e r  

o r  concentrations of an antibody so lu t i on  t o  use t o  detect the presence 

o f  antlgens i n  a s e r m  o r  ur ine sample. The Examiner indicated that  

such an argument would be persuasive if supported by evidence. Accord- 

ingly, appl icant  intends t o  submit expert testimony i n  the form o f  a 

declarat ion under 37 CFR 1.132 as t o  the leve l  of s k i l l  i n  the relevant 

ar t .  The add i t i ona l  time i s  needed for  the preparation and execution 

o f  the declarat ion.  

Respectfully submitted, 
C.--rz );., i -  &&c-- 

U 

_ .  Attorney f o r  applicant 

Oak Ridge, Tennessee 

FTS-850-4334 (Comnercial AC 61 5-483-861 1 , Ext. 34334) 

Uzzell :d ln  
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I N  THE UNITED STATES PATENT AND TRADE.WRK OFFICE 

APP1ICP.NT: David W .  Holladay 

SERIAL NO. : 755,100(70) : GROUP 120 

FILED: December 28, 1976 : EXAMINER 

FOR : 
Anna P. Fagelson 

AGENT AND METHOD FOR THE EARLY 
DETECTION OF PREGKANCY 

REQUEST FOR EXTENSION OF TIME 

The Comnissioner o f  Patents & Trademarks 
Washington, D. C. 20231 

S i r :  

I t  i s  respect fu l ly  requested t h a t  the period f o r  response t o  

the O f f i ce  Action o f  Se'ptember 19, 1977, be extended f o r  an addi t ional  

month t o  January 19, 1978. I n  a telephone interview w i t h  the Examiner 

on December 5, 1977, app l i can t ' s  attorney argued t h a t  the speci f icat ion 

was not  defect ive under 35 USC 112 f o r  f a i l u r e  t o  contain a detai led 

example o f  the pregnancy t e s t  procedure. It was pointed out  t ha t  

workers i n  the f i e l d  of imnunology and biochemical analysis are wel l  

acquainted with such tes ts  and could eas i ly  determine the proper t i t e r  

or concentrations o f  an antibody so lu t i on  t o  use t o  detect  the presence 

of antigens i n  a serum o r  u r i n e  sample. The Examiner indicated tha t  

such an argument would be persuasive if supported by evidence. Accord- 

t q l y ,  appl icant intends t o  submit expert testimony i n  the form o f  a 

declarat ion under 37 CFR 1.132 as t o  the leve l  o f  s k i l l  i n  the relevant 

a r t .  

o f  the declaration. 

The addi t ional  t ime i s  needed f o r  the preparation and execution 

Respectfully submitted, 

Attorney f o r  appl icant 

Oak Ridge, Tennessee 

FTS-850-4334 (Comnercial AC 615-483-8611, Ext. 34334) 

Uzzell :dlm 
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AGENT AND METHOD FOR THE EARLY DETECTION OF PREGNANCY 

Inventor: David W. Holladay 



ABSTRACT OF THE OISCLOSURE 

An agent capable of detecting the ear ly  stages of pregnancy i n  

humans i s  provided by preparing an antiserum to  proteins isolated 

from pregnancy-associated material such as  placentas. 

techniques of det ic t ing antigen-antibody reactions, the antiserum i s  

used to  detect  the presence of pregnancy-specific proteins i n  women a t  

the ear ly  stages o f  pregnancy. 

By conventional 

Background o f  the Invention 

T h i s  invention was made i n  the course o f ,  o r  under, a contract 

10 w i t h  the Energy Research and Development Administration. I t  re la tes  

i n  general t o  pregnancy detection and, more specifically,  t o  an agent 

and method fo r  detecting pregnancy i n  women during the very early stages. 

Pregnancy has been detected as  ear ly  as  18 days a f t e r  conception accord- 

ing to this invention. 

There has long been a need fo r  a simple, re l iable  test which is  

capable of detecting pregnancy w i t h i n  a short  time a f t e r  conception. 

Such a t e s t  would be of great  value for  those women w i t h  an ancestral 

his tory of genetic disorders so tha t  preventive therapy could be i n i t i a t e d  

as soon as  possible. Those women working i n  potentially toxic or radio- 

20 actiJb mimmnts o r  taking potentially harmful medication alZq have a 

need for e a r Q  pregnancy information. More recently, i t  has become 

important for  women f i t t e d  w i t h  in t rauter ine devices to  have them removed 

soon a f t e r  conception. 

In the prior a r t  pregnancy has been detected by a variety of well- 

known methods. Most of the pr ior  a r t  methods are  unreliable when admini- 

s tered sooner than s ix ty  days a f t e r  conception. One method which has been 

shown effect ive fo r  ear ly  pregnancy detection is described by B.B. Saxena 

e t  a l .  i n  the a r t i c l e  "Radioreceptor Assay of Human Chorionic Gonadotropin: 

Detection of Early Pregnancy" Science, Vol. 8, pp. 793FF. (1974). This 

30 method is rather complex and requires the use of radioactive substances, 

and, therefore, might  be unsuitable for  routine cl inical  use. The present 

invention involves the use of host-produced antibodies to  detect  the presence 

-1 - 
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of pregnancy-specific proteins i n  the sera  of women i n  the early stages 

of pregnancy. The occurrence of pregnancy-specific components i n  sera 

from pregnant women was first demonstrated by Thornes and reported i n  an 

a r t i c l e  by MacLaren e t  a l .  i n  Am. J. Obstet & Gynecol. 78:939 (1959). 

Smithies i n  Adv. Protein Chem. M:65(1959) observed the presence 

of a pregnancy-associated alpha-globulin. 

Nature m:332(1960) found two precipi ta tes  on immunoelectrophoresis of 

pregnancy sera.’ Gall and Halbert, Int .  Arch. Allergy Appl.  Imnunol. 

42:503(1972); and Lin et  a l . ,  Am. J.  Obstet, Gynecol. llJ:223(1974) 

10 observed and characterized four sequential pregnancy-associated plasma 

proteins found i n  the t h i r d  trimester of pregnancy. Antisera has been 

raised against  pregnancy plasma and then absorbed exhaustively w i t h  non- 

pregnancy plasma. Bohn, i n  Arch. Gynaekol. *440(1971), used rabbit 

antihuman placenta antiserum absorbed w i t h  male serum t o  detect four 

I 
Hirschfeld and Soderberg i n  

i pregnancy-associated plasma proteins. Only one was considered pregnancy- 

spec i f ic  and two could sometimes be detected i n  sera from non-pregnant 

female subjects, especially those taking oral  contraceptives. Berne, i n  

C l i n .  Chem (Winston Salem, N.C.) B:657, Abstr. 093, 1973 found pregnancy 

zone protein in women s ix  weeks pregnant. The protein was also found i n  

20 men and-tnon-pregnant women. While the pr ior  a r t  was aware of the presence 
*, 

of &kWnsf associated w i t h  pregnancy, there was no awareness o# ‘proteins 

which were specif ic  t o  pregnancy and which could also be detectable suf f ic i -  

ently ear ly  i n  the gestation period to  be useful as a pregnancy t e s t .  

I t  i s  an object of this Invention t o  provide an agent capable of detec- 

t ing  the ear ly  stages of pregnancy i n  humans. 

I t  is a fur ther  object t o  provide an agent capable of detecting early 

pregnancy by simple and well-known c l in ica l  operations. 

I t  is a fur ther  object t o  provide a method fo r  the detection o f  preg- 

30 nancy which requires no radioactive material or  complex procedures. 

I t  i s  a further object to  provide an agent and method for detecting 

Dreanancv which i s  effect ive less than t h i r t y  days a f t e r  conception. 

I - 2- 
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These and other objects as w i l l  be apparent are provided according 

t o  t h i s  invent ion by a pregnancy detect ion agent comprising an antibody 

t o  a pregnancy-specific p r o t e i n  i so la ted  from non-specific antibodies 

and prepared by the method comprisinq: 

a) f i r s t  providing a mixture of proteins occurring i n  pregnancy- 

associated mater ia l  and containing an ant igenic pregnancy-specific protein; 

b) i s o l a t i n g  sa id ant igenic pregnancy-specific p ro te in  from non- 

speci f i c  ant igenic proteins ; 

c) inoculat ing a host animal w i th  sa id iso la ted pregnancy-specific 

10 ant igenic  prote in  t o  cause sa id  host animal t o  ra ise antibodies t o  sa id 

pregnancy-speci f i c an ti geni c p ro te in  ; 

d) harvesting serum prote ins from said inoculated host animal, said 

serun proteins containing antibodies t o  sa id pregnancy-specific antigenic 

prote in ,  and; 

e) i s o l a t i n g  sa id antibodies t o  sa id  pregnancy-specific ant igenic 

p r o t e i n  from antibodies t o  non-specific human proteins. 

The preferred pregnancy-associated mater ia l  f o r  obtaining the proteins 

I s  placentas. %re concentrated pregnancy-specific antibodies are obtained 

by separating pregnancy-specific antibodies f rom the remaining aninal serum 

20 prote ins and/or antibodies. 

A method o f  detect ing the existence of pregnancy i n  humans at tord ing t o  

t h i s  invent ion comprises contact ing serum o r  ur ine from a pa t i en t  w i th  an 

antibody t o  a pregnancy-specific prote in  isolated from non-specific a n t l -  

bodies, and observing whether an antibodylantigen react ion occurs, the 

Occurrence o f  said react ion being i nd i ca t i va  of pregnancy. 

t h a t  o ther  body f l u i d s  such as lymphatic f l u i d  night contain pregnancy- 

s p e c i f i c  proteins according t o  t h i s  invention, however, ur ine and serum a r t  

most su i tab le f o r  rou t i ne  c l i n i c a l  test ing.  

k t a i l e d  Descr ipt ion 

It i s  possible 

30 An important aspect o f  t h i s  invent ion i s  the discovery t h a t  s t r u c t u r t r  

and substances produced dur ing the course of pregnancy i n  women contain 3ro- 

t e i n s  which are also present i n  detectable quantit ies i n  the very ear ly  

- 3- 
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stages o f  pregnancy. Another important aspect i s  the discovery that a t  

l e a s t  some o f  these pregnancy-associated proteins are both highly speci f ic  

t o  pregnancy and s u f f i c i e n t l y  ant igenic t o  ra ise antibodies i n  host animals 

which can then be i s o l a t e d  and used to  detect  the presence o f  the proteins 

i n  pregnant women r e l a t i v e l y  soon a f te r  conception, by standard imnunologi- 

c a l  techniques. 

For purposes o f  t h i s  invention, the terms spec i f i c  and non-specific 

r e l a t e  t o  pregnancy-specific and non-pregnancy-specific. A non-specifi c 

p ro te in  i s  one which i s  n o t  spec i f i c  t o  pregnancy. A pregnancy-specific 

10 antibody i s  an antibody t o  a pregnancy-specific protein.  A non-specific 

antibody i s  an antibody t o  a non-specific protein. The term "antigenic" 

p ro te in  refers t o  a p r o t e i n  capable o f  producing detectable antibodies i n  

a host animal. 

one which ra ises no more than miniscule amounts o f  antibody which would not  

s i g n i f i c a n t l y  i n t e r f e r e  w i th  the detection of pregnancy-specific proteins 

by pregnancy-specific antibodies. 

For purposes of t h i s  invention, a non-antigenic protein i s  

The f i r s t  step i n  preparing the pregnancy detection agent o f  t h i s  

invent ion i s  t o  prepare a mixture o f  proteins occurring i n  pregnancy-assocl- 

ated materials. For purposes o f  t h i s  invent ion the term "pregnancy-assocl- 

20 ated mater ia l"  i s  def ined as t issues o r  f l u i d s  such as placentas, umbil i c l ,  

anniotlc f l u i d ,  f e ta l  t issue, etc. which are produced during preghbncy. 

Placentas are preferred because of t h e i r  ready a v a i l a b i l i t y .  The separatlon 

o f  proteins from pregnancy-associated mater ia l  need not be quantitative. 

The mixture o f  prote ins can be prepared from the pregnancy-associated maurtrl 

by a number o f  well-known biochemical techniques f o r  concentrating protelnr 

I 
, i 
t 
! 

i 
t 
i 
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1 from bto log ica l  t issues or f lu ids.  T h i s  prote in  mixture w i l l  contain a n t l -  

I 
9 

.ji 
d 

- - genic pregnancy-specific protein. While i t  has been found that  there a r e  

normally several ant igenic  pregnancy-specific proteins present i n  preqnrncy- 

associated mater ia l ,  on l y  one need be present for  purposes o f  t h i s  inventtom 

30 For example. pregnancy-associated tissues can be diced and homogenized I n  a 

s t a b i l i z i n g  medium t o  minimize p rec ip i t a t i on  and agglomeration of p r o t e l n r  

Sui table s t a b i l i z i n g  media include pH7 phosphate buffer,  o r  a mi ld  acid such 

:: 

f - 
p. 
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as 0.1 E perchlor ic acid. 

such as by centrifugation, f i l t r a t i o n ,  e t c .  t o  provide a supernatant 

l i q u i d .  Proteins can be separated from the supernatant by adding a pre-  

The homogenized suspension i s  then separated 

c i p i t a n t .  Suitable p rec ip i t an ts  include amnonium sul fa te,  sodium sul fa te,  

o r  other s a l t i n g  agents as are known i n  the a r t .  The prec ip i ta ted proteins 

are separated from the so lut ion,  e . ! ~ . ,  by cen t r i f uga t ion  and redissolved i n  

a buffer so lu t ion containing a bac te r ios ta t  o r  bacteriocide; f o r  example, 

0.1% sodium azide t o  prevent growth o f  unwanted bacteria. Other su i tab le 

reagents include merthiolate, toluene, butanol, chloroform, etc. The pro- 

10 t e i n  so lut ion can then be dialyzed against the same bu f fe r  t o  remove the 

traces o f  the prec ip i tant .  

known d ia l ys i s  membranes such as viscose d i a l y s i s  tubing sold by Union Car- 

b ide Corporation under the trademark VISKING. The p ro te in  so lut ion i s  sep- 

arated from prec ip i ta ted mater ia l  t o  provide a r e l a t i v e l y  pure so lut ion o f  

proteins.  

D ia l ys i s  can be ca r r i ed  out  w i th  any o f  the wel l -  

The next step i n  preparing the agent o f  t h i s  invent ion i s  t o  i s o l a t e  

ant igenic pregnancy-specific p ro te in  from non-specific antigenic proteins.  

Preferably, t h i s  i s o l a t i o n  should be complete, however, s m a l l  amounts o f  

ant igenic non-specific prote ins can be to lerated w i th  the speci f ic  proteins 

20 since subsequent processing i s  capable o f  removing non-specific antibodies. 

I t  has been found t h a t  the removal o f  most o r  a l l  of the antigeii 'c non- 

s p e c i f i c  proteins from the mixture o f  proteins p r i o r  t o  i n jec t i on  i n t o  a 

host animal w i l l  y i e l d  a subs tan t i a l l y  higher t i t e r  ant isera i n  the host. 

When non-specific ant igenic proteins are removed p r i o r  t o  inoculation, the 

host animal 's imnune response i s  d i rected toward the pregnancy-speci f i c 

protein.  When non-specific ant igenic proteins are not  removed p r io r  t o  

inoculation, the normal human proteins are l i k e l y  to  sh ie ld  out the response 

t o  the pregnancy-specific proteins.  

non-specific antibodies are not a t  l eas t  p a r t i a l l y  removed p r i o r  t o  i n j e c t i o n  

30 i n t o  the host, fewer bands o f  p rec ip i t a t i on  are observed i n  the pregnancy 

t e s t  and only aL l a t e r  rimes than i n  the t e s t s  wi th  antisera raised a g a i n s t  

p a r t i a l l y  o r  highly p u r i f i e d  pregnancy-speci f i c  proteins. 

Preliminary tests  have shown tha t  when 



There are a t  l e a s t  two methods by which ant igenic pregnancy-specific 

ProteiRS can be i so la ted  from non-specific ant igenic human proteins. 

one instance, the mixture can be contacted w i th  ant ibodies ra i sed  against 

human serum containing no pregnancy-spec! f i c  proteins,  here inaf ter  termed 

anti-normal human serum. Sui tab le serum can be co l l ec ted  and pooled f r o m  a 

l a rge  sample o f  males and non-pregnant females and used t o  r a i s e  host- 

produced antibodies. 'The antibodies t o  t h i s  pooled serum w i l l  react  w i t h  

non-specific ant igenic prote ins i n  the mixture, and the react ion products 

can be separated from the mixture, thereby providing a mixture o f  pregnancy- 

I n  

10 spec i f i c  proteins and non-antigenic, non-specific proteins. For purposes 

o f  t h i s  invention, such non-antigenic proteins can be regarded as non- 

i n te r fe r i ng  material. A l ternat ive ly ,  the prote in  mixture obtained from 

the pregnancy-associated mater ia l  can be contacted w i t h  ant ibodies raised 

against pregnancy-speciflc proteins, whereby only. ant igenic pregnancy- 

t p e d f i c  proteins reac t  w i t h  the antibodies and are recoverable from the 

mixture. This method w i l l  provide an inoculant more concentrated i n  

pregrancy-speci f i c  protein. 

The preferred method o f  carry ing out  antibody/antigen reactions for 

i s o l a t i n g  the pregnancy-specific proteins f r o m  ant igenic non-specific 

20 prote ins i s  by passing the p ro te in  mixture through an imnunoadsorbent 

mlu& >* -- prrrpared w i th  appropriate antibodies, e.g., anti-normal h u i i n  s e r m  

or rntl-pregnancy-specific proteins. When the c o l m  i s  prepared w i th  ant i -  

normal human serun (which reacts \v i  t h  normal serum proteins),  contaminating 

normal serum proteins are bound t o  the colunn and thus separated from 

pregnancy-specific proteins. 

pregnancy-speci f i c proteins i sol a ted f r o m  a n t i  genic non-speci f i c prote in  . 
I f  the c o l m  i s  prepared w i t h  antiserum raised against pregnancy-specific 

protein,  the normal proteins pass through unbound and the pregnancy-specific 

proteins are bound to  the colunn and may be e lu ted w i th  a su i tab le eluent 

30 capable o f  separating antibodylantigen complexes, such as a 2.5 5 sodium 

thiocyanate solution. 

. 

Accordingly, the unbound f r a c t i o n  contains 



. .:-- .. 

The next step i n  prepar ing the agent of t h i s  invent ion i s  t o  inocu- 

l a t e  a host animal w i th  the i s o l a t e d  pregnancy-specific ant igenic  proteins 

t o  cause the host animal t o  r a i s e  antibodies t o  the pregnancy-specific 

proteins. A l l  that  i s  required p r i o r  t o  inoculat ion i s  t h a t  the pro- 

t e ins  be i n  a so lut ion capable o f  i n j e c t i o n .  The s o l u t i o n  from the i m n o -  

adsorbent step can be concentrated and d i r e c t l y  in jected. 

s p e c i f i c  proteins had been i s o l a t e d  by being bound t o  the column and eluted 

I f  the pregnancy- 

w l  th thiocyanate, the thiocyanate should be removed t o  r e t u r n  the proteins 

t o  t h e i r  nat ive structure.  This  can be accomplished by d i a l y s i s  against 

10 phosphate buffer.  O f  course, ant ibodies could be ra ised less  e f f i c i e n t l y  

against  d i l u t e  solutions. 

anfmals such as goats, c a t t l e ,  horses, rabbits, chickens, etc. Goat5 are 

preferred because they have an extensive and mu1 t i - v a r i e d  antibody response, 

n o m l l y  superior t o  other animals. 

a ted tha t  the terms "ant igenic" and %on-antigenic" r e f e r  t o  the p a r t i c u l a r  

host animals being used since an ant igenic  prote in  t o  one animal may be 

Sui t ab le  hosts are v i r t u a l l y  any warm-blooded 

O f  course, It can be r e a d i l y  appreci- 

non-antigenic t o  others. No warm-blooded animal has proven incapable o f  

producing antigens t o  a t  l e a s t  one pregnancy-specific prote in .  As i s  

customary i n  the r a i s i n g  o f  antibodies, conventional adjuvants can be 

t o  accelerate antibody-production. The i n j e c t i o n  schedule can 

ted to vary f o r  d i f f e r e n t  types o f  hosts and it i s  we l l .w i th in  the 

rktll o f  those acquainted w i t h  the manufacture o f  vaccines, etc.  t o  work 

out a sui table i n j e c t i o n  schedule. The same i n j e c t i o n  schedule w i l l  be 

appropriate f o r  producing anti-normal human serum. 

The next step i n  preparing 'the agent o f  t h i s  invent ion i s  harvesting 

serum proteins from the inoculated host animal. A f t e r  an inoculat ion 

schedule (e.g., weekly) o f  several months, the host animals are bled and 

t h e i r  sera harvested. The serum i s  separable from whole blood by conven- 

t i o n a l  means such as cen t r i f uga t ion  a f t e r  c lo t t ing.  

30 host serum proteins comprising antibodies t o  a t  l e a s t  one o f  the pregnancy- 

spec i f i c  proteins. 

The serum contains 
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e 
The next step i n  preparing the agent of this invention i s  isolating 

antibodies to  the pregnancy-specific proteins from antibodies to non- 

specific human proteins. Even if the proteins injected i n t o  the host 

were completely free of antigenic non-specific human proteins, i t  is  

necessary that this isolation be performed to  remove traces of antibodies 

to non-specific human proteins which were native to the host or  which 

were raised against marginally non-antigenic human proteins. The pre- 

ferred method of carrying out this isolation s t e p , i s  by passing the host 

serum through an imnunoadsorbent column prepared w i t h  normal human serum 

10 proteins. The material which is  not adsorbed on the column i s  t h u s  a 

mixture containing an antibody to  a pregnancy-specific protein isolated 

from non-specific antibodies, and as such i s  now an agent capable of 

detecting the presence of pregnancy-associated proteins i n  women, i n  

accordance w i t h  this invention. I t  is preferred that this column be 

loaded w i t h  serum proteins obtained from a large sample of males and non- 

pregnant females, having a l l  of the blood types. 

based oral contraceptives should be included i n  the sample, i f  possible. 

The serum, of course, i s  typically collected as plasma separated from 

whole blood and lyophilized o r  freeze-dried for storage. T h i s  pooled sera 

Females tak ing  estrogen- 

- 
20 i s  d m  preferred for injection i n t o  a host t o  produce anti-normal human 

H used for carrying o u t  this adsorption of non-specific arttigenic 

proteins from the original protein mixture. The anti-normal human 

.&::.p.- 

$ 

term can be prepared by any of a number of well-known. serological methods. 

The preferred method i s  to make balanced antlsera which contains sufficient 

antibodies to  remove a l l  of the non-specific antigenic proteins in a pro- 

tein mixture. The procedure for carrying out  imnunoadsorbtion chromo- 

tography and for preparing a balanced antisera i s  described i n  N.G. Anderson 

et al . ,  "Cyclic Aff ini ty  Chromotography: 

Analytical Biochemistry 68, 371-393 (1979, which i s  herein incorporated 

Principles and Applications ." 
30 by reference. 

I t  i s  generally desirable t h a t  pregnancy-specific antibodies be further 

isolated from some or al l  of the animal serum proteins. This can be accom- 

plished by passing the animal protein mixture, either before o r  after 

-a- m 
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pregnancy-speci f Tc antibodies a re  i solated from ant i  bodies to  non-speci f i c  

proteins,  through a conventional column containing diethylami noethyl (DEAE) 

cel lulose beads. Such beads a re  capable of adsorbing imnunogamnaglobulin 

from the remainder of the animal's proteins.  Diethylaminoethyl cellulose 

su i tab le  fo r  this process i s  comnercially available from Whatman Corporation 

a s  cel lulose microfiber bundles, 40-300 microns, and as microgranules w i t h  

an average equivalent spheres diameter of about 40 microns. Differential  

chromotography using OEAE cel lulose for  separating placental proteins and 

antibodies to  placental proteins is  described i n  Molecular Anatomy Program, 

First Semi-Annual Progress Report (1971) ORNL-4733, pp. 384-394, available 

from National Technical Information Service, Department of Comnerce, Spring- 

f i e ld ,  Virginia and which i s  herein incorporated by reference. Antibodies 

t o  pregnancy-specific proteins can be further separated, i f  desired, from 

other animal antibodies by passing the antiserum through an imnunoadsorbent 

colum loaded w i t h  pregnancy-specific proteins. The pregnancy-specific ant l -  

bodies a re  adsorbed thereon and can be eluted withasolution capable of dls- 

sociating antigen/antibody complexes. An example of such a solution i s  a 

chaotropic ion solution such as thiocyanate or tr ichloroacetate solutfon. 

hmnonium and sodium s a l t s  a r e  preferred. The preferred antibody eluent i s  

20 a 2.5 E sodium thiocyanate, 0.1 fi sodium phosphate pH 7.0, 0.1% s o d i u  r t ide  

(bacter iostat)  solution. Below 1 .O fi thiocyanate does not give '&ant l ta t lvr  

elution. I t  can be readily seen tha t  t h i s  adsorption/elution s tep i s  capable 

of effect ing the isolat ion of pregnancy-specific antibodies from non-spulflc 

human proteins as  well as  from animal protein. 

The imnunoadsorbent columns useful for  preparing the agent of t h l r  i n m -  

t ion  can be prepared by conventional techniques. What i s  necessary i s  that 

the column contain the desired antibodies or  antigens immobilized so t h t  

they a re  reactive w i t h  their corresponding antigen or  antibody. The tauno- 

adsorbent columns therefore provide both reaction contact between ant?*  

30 and antibody as well as separation of unreacted components which e x i t  th. 

column as  the unbound fraction. 

In the a r t  of serology; see,  for  example, J .  Porath e t  a l .  Nature Vol.  215  

Such inunoadsorbent columns are  we1 1 - k r O r m  

-9- 



p. 1491 (1967). For purposes Of  i l l u s t r a t i o n ,  the fo l lowing example i s  

i 

I 

i 

provided f o r  the preparat ion of an imnunoadsorbent. The method i s  

su i tab le f o r  b inding any des i rab le prote in  t o  the packing material. 

Those s k i l l e d  i n  the a r t  can prepare s im i la r l y  e f f e c t i v e  imnunoadsorbent 

columns by a va r ie t y  o f  d i f f e r e n t  methods. 

Example I 

Protein t o  be bound ( e i t h e r  antigen, antibody, o r  non-antigenic) 

i s  concentrated i n  aqueous s o l u t i o n  t o  70 m l  and d ia lyzed against the 

coupling buf fer  t o  provide a p ro te in  so lut ion i n  coupl ing buffer.  Coupling 

10 bu f fe r  i s  the bu f fe r  i n  which the binding react ion u l t i m a t e l y  occurs, and 

i n  t h i s  case i s  0.1 5 phosphate, pH 6.5. Other coupl ing buf fers  such as  

carbonates can be used. 

agarose gel beads i s  washed w i t h  a t  least  20 volumes of 0.1 fl phosphate 

pH 6.5. Suitable agarose beads are avai lable under the trademark Sepharose 

and are avai lable from Pharmacia Fine Chemicals, Piscataway, New Jersey. 

The agarose gel beads (Sepharose 48) used i n  t h i s  example contained 4% 

agarose and had p a r t i c l e  s izes o f  40-190 microns i n  the wet state. The 

preparation o f  Sepharose gels  i s  described by Hjerten i n  "The Preparation 

o f  Agarose Spheres f o r  Chromotography of Molecules and Particles," Biochim. 

20 biophys. Acta 79, pp. 393-398 (1964). The washed agarose i s  mixed wi th  an 

equal volume o f  coupl ing b u f f e r  i n  a 400 m l  beaker w i t h  magnetit ' s t i r r e r ,  

Seventy m l  (a l i k e  volume as the protein) o f  

.. 

and i n  an i c e  bath t o  form a s lu r r y .  The s lu r r y  was t i t r a t e d  t o  a pH o f  

11.5 w i th  6 E NaOH. 

(0 .3  g/ml Sepharose) and the pH was maintained a t  11.5 w i th  NaOH and the 

temperature was maintained a t  about 20°C. Under these conditions the 

cyanogen bromide reacts w i t h  the Sepharose t o  cause act ivat ion.  The 

react ion was allowed t o  proceed u n t i l  no more decrease i n  pH was noted, t o  

ensure the end o f  the ac t i va t i on .  The activated s l u r r y  was washed w i t h  

S°C coupling bu f fe r  on a coarse Buchner Funnel. This washing must proceed 

30 w i t h i n  2 minutes from the completion o f  act ivat ion t o  prevent excessive 

crossl inking o f  ac t l ve  s i t e s .  The washed CnBr-activated Sepharose 48 was 

mixed w i th  the so lu t i on  o f  p ro te in  t o  be bound and the mixture was S ~ D W ~ Y  

To t h e  cooled s l u r r y  i s  added 21 g. o f  cyanogen bromide 

I -10- 
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tumbled overnight a t  4°C. Addi t ional  mixing ( i .e .  over 24 hours) would 

normal ly provide more extensive attachment of  proteins. As i s  customary, 

spacers o r  chemically act ive l igands may be used i f  desired. A f t e r  mixing, 

the unbound prote in  i s  washed of f  i n  coupl ing bu f fe r  (0.1 2 6.5 pH phosphate) 

and washing i s  continued u n t i l  no background absorbance i s  detected i n  the 

wash water. 

ethanolalnine OH 10 for 2 hours t o  load any remaining s i t es  on the resin.  

A f te r  t h i s  washing, the loaded Sepharose i s  tumbled i n  1M 

The ethanolamine i s  washed o f f  with water o r  pH 7 phosphate buffer and the 

loaded Sepharose i s  washed a l te rna te l y  w i th  0.10 

0.1% sodium azide t o  prevent bac te r ia l  growth, 1 .O E sodium chloride, 0.1 1 
sodium borate pH 8.5, 0.1% sodium azide and 1.0 

add i t i ona l  wash w i th  0.1 

These washes serve t o  remove mater ia ls which are not covalently bound t o  

t he  support material. 

2.0 

azide, fo l lowed by 0.1 E sodium phosphate OH 7.0 and 0.1% sodium azide u n t l l  

background absorbance i s  obtained. The p ro te in  i s  now firmly bound t o  the 

Sepharose t o  provide an imunoadsorbent p a r t i c l e  ready f o r  use as colurm 

packing. 

sodiun acetate pH 4, 

sodium chloride. An 

g lyc ine NaOH (pH 11.0) can also be included. 

The protein-loaded Sepharose i s  f i n a l l y  washed w i th  

sodium thiocyanate, 0.06 fi sodium phosphate pH 7.0 and 0.1% sodium 

The pregnancy detection method o f  t h i s  invent ion comprises contacting 

serm from the pat ient  wi th  antibodies t o  pregnancy-specific proteins i s o -  

l a t e d  f r o m  non-specific antibodies. 

pregnancy-specific proteins has herein been demonstrated, the source o f  the 

pro te in  i s  not  an essential feature o f  the pregnancy test. The desired a n t l -  

bodies can be prepared by the methods disclosed herein, or  i t  i s  conceivcablr 

t h a t  a t  l e a s t  one o f  the pregnancy-specific proteins can be i d e n t i f i e d  and 

synthesized, thereby avoiding the  necessity of separating the pregnancy- 

s p e c i f i c  p ro te in  f r o m  ant igenic non-specific human proteins. The synthetic 

p r o t e i n  could then be used d i r e c t l y  t o  ra i se  antibodies useful f o r  detect ing 

Since the existence o f  the antigenic 

1 pregnancy. 

A l l  t h a t  i s  necessary f o r  t h i s  pregnancy detection method i s  t h a t  S e r a  

from a pa t ien t  be contacted w i t h  an antibody raised against a pregnancy- 

s p e c i f i c  prote in  and the resu l t s  observed t o  detect signs o f  a n t i b o d y l a n t ' w  
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reaction. 

It can be r e a d i l y  appreciated tha t  any of the several methods f o r  detecting 

antigenlantibody react ion i s  su i tab le for  detect ing pregnancy according t o  

my method. Examples o f  such methods are gel prec ip i t a t i on ,  gel e lectro- 

pherograms, imnunoelectrophoresis, crossimnoelectrophoresis, and imnuno- 

d i  f f us i on. 

The occurrence O f  the reaction, of course. indicates pregnancy. 

The primary u t i l i t y  o f  the pregnancy detect ion method o f  t h i s  inven- 

tion i s  f o r  detect ing pregnancy w i th in  about 2 months o f  conception. A f t e r  

2 months, pregnancy i s  r e l i a b l y  detectable by well-known external  symptoms. 

The method o f  t h i s  invent ion i s  p a r t i c u l a r l y  useful f o r  detect ing pregnancy 

w i th in  one month of conception, when other tests  are inconclusive. I t  i s  

l i k e l y  t h a t  i t  w i l l  prove ef fect ive w i th in  one week o f  conception. 

In order t o  demonstrate a preferred method f o r  preparing the pregnancy 

detection agent o f  t h i s  invent ion and the operab i l i t y  o f  the agent f o r  

detect ing pregnancy, a deta i led example i s  presented. It w i l l  be apparent 

t ha t  substant ia l  va r ia t i on  from the procedures described there in  can be 

made without departing f r o m  the s p i r i t  and scope o f  the invention. For 

example, i t  w i l l  be apparent t o  those s k i l l e d  i n  the a r t  t h a t  plasma can 

be subst i tuted f o r  serum i n  many instances and can be considered equivalent 

for purposes o f  t h i s  invention. . *  
Example I 1  

Preparation of crude placental  extract. Term placentas were obtained 

a t  de l ivery  and c h i l l e d  i n  0.85% sodium chlor ide so lut ion f o r  preservation. 

The placentas were washed f o r  1 hr. i n  tap water t o  remove a maxinum o f  

blood elements and serum proteins. While the mother's o r  i n f a n t ' s  serum 

would l i k e l y  contain traces of pregnancy-specific proteins, the placenta 

contains substant ia l ly  more o f  those proteins. Fat was c u t  away since it 

i s  superfluous and non-antigenic, and the placentas were c u t  i n t o  pieces 

about 1 cm on a side and frozen. Subsequently, the frozen mater ia l  was 

homogenized i n  three volumes o f  0.1 2 pH 7 phosphate buffer.  The hono- 

genate was centrifuged a t  17,000 x g (acceleration o f  g rav i t y )  f o r  10 min. 

i n  an angle-head centrifuge, the supernatant was collected, and the p e l l e t  

was rehomogenized i n  two volumes o f  the same buffer, and a second 
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centr i fugat ion a t  17,000 x g for  10 min. was done. 

were prec ip i ta ted from the pooled suoernatants by adding s o l i d  amnonium 

s u l f a t e  t o  55% saturat ion and separated by centr i fugat ion.  Some o f  the 

unprecipi tated prote ins have since been shovm t o  be pregnancy-specific 

and can be recovered, i f  desired. 

was dissolved i n  a minimal amount of 0.1 

0.1% sodium azide, and the so lu t i on  was dialyzed against t h i s  same buffer, 

using viscose d i a l y s i s  tubing such as i s  so ld by Union Carbide Corporation. 

Any mater ia l  that  p rec ip i t a ted  was removed by centr i fugat ion.  The prec ip i -  

10 t a t e  was mostly large macromolecules representing the connective tissue of 

the placenta. Any serum prote ins l e f t  i n  the so lut ion were removed by 

cyc l i ng  i t  over an imnunoadsorbent column loaded w i t h  anti-normal human 

serun. The cycl ing was c a r r i e d  out  automatically by an apparatus as d i s -  

closed i n  Anderson e t  al., Analy t ica l  Siochemistry 66, 159-174 (1975). 

During cycling, the normal serum ant igenic proteins were e lu ted a f t e r  each 

loading w i th  ammonium o r  potassium thiocyanate and the columi vas re- 

equ i l i b ra ted  w i th  phosphate bu f fe r  p r i o r  t o  the loading of the next samFle. 

The unbound f rac t i on  emerging from t h i s  treatment was s t i l l  a complex 

The prote ins o f  i n te res t  

Following centr i fugat ion,  the material 

pH 7 phosphate bu f fe r  containing 

mixture, containing a t  l e a s t  20 d i f ferent  proteins, as judged by gel e lect ro-  

20 phoresis. The so lut ion could n o t  be concentrated beyond 20 .4280 uni ts  per 
. I  

m l  wi thout undesired p r e c i p i t a t i o n  occurring on storage, especial ly on 

freezing and thawing. An 

water o r  buffer g i v ing  an absorbance o f  1 a t  280 mm i n  a c e l l  w i th  a l i g h t  

path of 1 cm. Apparently, the bulk  o f  the material t h a t  prec io i ta ted was 

placental t issue proteins, mostly ac id  i n  nature. I f  desired, t h i s  mater ia l  

could be separated i n t o  several subfractions by chromatography over d ie thy l  - 
aminoethyl cel lu lose. 

cess, Some separations o f  p lacental  t issue proteins that  appear i n  the serum 

from those that  do not  could be ef fected t o  orovide a more concentrated agent. 

30 Only 10 t o  15 o f  the prote ins i n  the mixture have proved t o  be s u f f i c i e n t l y  

ant igenic to  r e s u l t  i n  detectable antibody production t o  them. 

possible t o  modify the ext ract ion procedure ( f o r  example, mi ld ac id  e x t r a c t i o n  

u n i t  i s  the quantity o f  prote in  per m l  o f  

Though n o t  essent ia l  t o  the ooerab i l i t y  o f  the pro- 

It i s  l i k e l y  
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* 
of diced placenta, e.g., w i th  0.1 

i n  order t o  minimize the ext ract ion o f  prote ins t h a t  do no t  appear i n  the 

plasma; however, t h i s  i s  unnecessary f o r  the o p e r a b i l i t y  o f  the detection 

method. 

perch lor ic  acid, wi thout homoqenization) 

The placental extracts, minus non-specific serum proteins but  s t i l l  

containing the r e l a t i v e l y  non-antigenic t issue prote ins iwntioned, were 

concentrated t o  about 15 u n i t s  per m l  f o r  i n j e c t i o n  purposes. An 

estimate o f  the antigen content was 0.1 to  1 mg/ml, based on i n tens i t y  o f  

react ion ' i n  immunodiffusion. 

10 Freund's complete adjuvant, and the preparation was in jec ted  subcutaneously 

i n t o  goats and rabbi ts,  e i t h e r  i n  the hips o r  behind the neck ( 4  m l  for  

goats, 1 m l  f o r  rabbi ts) .  

able f r o m  Difco Laboratories and contains s t e r i l e  l i g h t  mineral o i l  plus 

emu ls i f i e r  and heat k i l l e d  ktycobacterium butyricum (0.5 mg dry weight per m l ) .  

lntravenous i n j e c t i o n  should normally be avoided due t o  the increased 

The ext ract  was mixed w i th  equal volume of 

Freund's complete adjuvant i s  comnercially ava i l -  

l i k e l i h o o d  o f  anaphylactic shock and sudden death o f  the host. TSrea f te r ,  

the same amounts of ext ract  wi thout adjuvant were i n j ec ted  subcutaneously 

a t  weekly in terva ls .  Every four th  week, i n j e c t i o n  was done w i th  antigen 

p lus  adjuvant. F i r s t  bleeding was a t  5 weeks (40 m l  f o r  rabbi ts  and 150 

20 m l  f o r  goats) and was biweekly thereaf ter  t o  t e s t  f o r  antibody production. 

H i g h d t l w  antiserum was obtained, usual ly  i n  about 7 t o  8 month;.' T!ie 

antiserum was absorbed on a conventional inmunoadsorbent colurn loaded w i th  

lyophi l ized,  pooled serum obtained from normal human males (100 mg/ml of 

antiserum) t o  remove non-specific antibodies. The unbound f rac t i on  con- 

tainad pmgmancy-specific,antibo@es and normal animal protein, iso la ted 

from antibodies t o  non-specific human protein. I f  desired, i.e., f o r  

c o m r c i a l  preparation, the bulk  o f  the animal prote in  can be removed by 

DEAE ce l lu lose chromatography, i n  which the unbound f rac t i on  can be passed 

through a DEAE cel lu lose colurm whereby the antibodies load the column and 

30 the bulk animal prote in  passes through. 

/*. 

Gel p rec ip i t a t i on  was used t o  t e s t  the antiserumto-placental-antigens 

for the presence o f  antigens tha t  appeared i n  the sera o f  pregnant women. 

-14- 1 
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The antiserum was f i r s t  tested against sera from women i n  the t h i r d  t r imester 

o f  pregnancy. 

f f r s t  pregnancy, three women i n  t h e i r  second pregnancy, and three women i n  

t h e i r  t h i r d  pregnancy showed pos i t i ve  reactions w i t h i n  5 hours w i th  2 t o  4 

bands c l e a r l y  v i s i b l e  a f te r  40 hours. The contro l  f o r  a l l  three plates was 

f r o m  a 28 year-old woman who had one successful pregnancy 5 years previously, 

and who since t h a t  time had been tak ing an estrogen-based b i r t h  control g i l l .  

No react ion was noted a t  any t i m e  w i t h  the control .  

Tests against the sera from three d i f f e r e n t  women i n  t h e i r  

The antiserum gave negative tests  against a succession o f  batches of 

10 pooled noma1 human male sera. It was pos i t i ve  against a l l  o f  a series of 40 

samples o f  t h i rd - t r imes te r  pregnancy sera. 

o f  ten non-pregnant women, including those previously pregnant. O f  four 

cases tested, no react ion has been shorn w i th  sera from women taking estrogen- 

r e l a t e d  contraceptives. I n  order t o  demonstrate the detect ion o f  pregnancy 

e a r l y  enough t o  be valuable f o r  a pregnancy test ,  several runs w r e  made on 

sera from women who suspected pregnancy. A serum sample was obtained from 

a 29 year-old woman 6 days a f t e r  she had fa i l ed  t o  beoin her menstrual per iod .  

A good estimate o f  the time durat ion since conception was 18 t o  22 days. A 

serum sample was obtained from a 25 year-old woman 10 days a f t e r  she >ad 

20 f a i l e d  to  begin her menstrual period, g i v ing  a time durat ion o f  22 t o  26 days 

sfnce conception. 

serum t o  placental  antigens. 

t h i r d  t r imester  o f  her t h i r d  pregnancywere used as reference. 

I t  was negat ive against the se ra  

. 

I .  

The samples were tested by double d i f fus ion against a n t i -  

Placental ext ract  and serum from a wman i n  the 

Af ter  16 hours one sharp band and one f a i n t  band o f  p rec ip i t a t i on  were 

observed i n  both samples, and the two bands merged o r  showed i d e n t i t y  n i t h  

bands from both &aa.b.l ext ract  and the th i rd- t r imester  pregnancy serum 

sanple. For both samples, a p r e c i p i t i n  band could be observed as ear ly  a s  

1 hour a f t e r  the s t a r t  o f  imnunodiffusion. 

observed f o r  the second sample w i t h i n  24 hours a f t e r  loading. 

30 Imnunodiffusion techniques would l i k e l y  permit a decision on pregnancy on 

the same day the blood sample i s  withdrawn. 

&&A 

Three p r e c i p i t i n  b’ands were 

Improved 
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Another ea r l y  pregnancy serum sample, taken a t  28 t o  32 days a f t e r  

conception, was tested aqainst the antiserum and gave t w o  p r e c i p i t i n  

bands w i th in  16 hours. 

by rout ine examination f o r  a l l  three o f  the women. 

antigen preparation gave a t  l e a s t  t en  dist inguishable p r e c i p i t i n  bands 

w i t h  the antiserum. 

yery e a r l y  pregnancy samples show i d e n t i t y  w i th  the weakest bands from 

samples from th i rd- t r imester  preqnancies. 

gens involved reach a concentrat ion peak ea r l y  i n  pregnancy, and then 

s lowly  decrease during gestation. 

antigens may not be detectable i n  the second and t h i r d  t r imester.  

Pregnancy was confirmed a t  8 weeks o f  gestat ion 

The human placental 

The p r e c i p i t i n  bands tha t  are the s t r o n y s t  for  

This indicates t h a t  the a n t i -  

I t  i s  possible that  some e a r l y  appearing 

While the pa r t i cu la r  pregnancy-specific ant iqenic prote ins u t i l i z e d  

for t h i s  invent ion have no t  y e t  been characterized, t h e i r  i d e n t i f i c a t i o n  i s  

n o t  essent ia l  t o  manufacturing the agent o f  t h i s  invent ion o r  t o  performing 

the  pregnancy t e s t  o f  t h i s  invent ion.  

Recent advances i n  cancer research have intimated that  cer ta in  proteins 

present i n  pregnancy-associ a ted mater ia l  such as placentas, are re-expressed 

i n  the ea r l y  stages o f  cancer. This i s  consistent t o  the idea that  the 

formation o f  the fetus i s  phys io loq i ca l l y  s i m i l a r  t o  the formation of tumor 

c e l l s  $n cancer patients. 

between feta l  and placental prote ins see, f o r  example, Ruoslahti (e.t a l . ,  

Int. 3. Cancer: 1. 218-225 (1971), Thompson e t  al . ,  Medical Sciences fi 
164-6 (1969), Gold, Preg. Exp. Tumor Res. 1Q: 43-58, and Am. Assn. Cancer 

For a descr ip t ion of the observed re la t ionship 

Res. Abstracts 490, 568, 584, 842 (1974). 

for the pregnancy detection agent of t h i s  invent ion i s  the e a r l y  detectlon 

o f  a t  l eas t  some forms o f  cancer. 

Accordingly, a oossible u t i l i t y  
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What i s  claimed i s :  

1 aqent comprising antibodies t o  a preqnancy- 

non-specific ant ibodies and prepared by the 

of prote ins occurring i n  pregnancy- 

an ant igenic  pregnancy-specific protein;  

ti qen i c- pregnancy- s peci f i c p ro te i  n f rom non - s peci f i c 

s t  animal w i t h  said i so la ted  pregnancy-spcific 

i s e  antibodies t o  said 

pregnancy-specific proteins from a n t i -  

said prote ins occurring i n  pregnancy- 

wherein sa id method fu r the r  conprises i s o l a t i n g  

prote ins from non-antibody host animal 

of pregnancy i n  hump?s com- 

w i th  an antibody t o  a 

antibodies, and 

the occurrence o f  

wherein sa id serum o r  ur ine i s  withdrawn 

two months of conception. 

wherein sa id serun o r  ur ine i s  withdrawn 

one month of conception. 

1 & 7. A me od of d ec t i ng  the existence o f  pregnancy i n  humans con- Y P  
2 p r i s i n g  o r  ur ine f r o m  a pa t i en t  w i th  the agent o f  c la im 

an antibodylantigen react ion occurs, and occurrence 

o f  pregnancy. 



P f l  8. The m e t b  of claim 7 wherein said serum i s  withdrawn from 
& 

2 said patient about two months of conception. 

of claim 7 wherein said serum i s  withdrawn from said 

one month of conceFtion. 

I -* 10. The hod o f  claim 7 wherein s a i d  proteins occurring i n  

2 pregnancy- k s ciated material are recovered from olacentas. 
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INSTRUCTIONS FOR DRAFT PATENT APPLICATION 

Please provide the  requested information, i f  possible.  I f  a statement 

I have t r i e d  to  i s  incorrect ,  please replace i t  w i th  a cor rec t  statement. 

describe the i nven t ion  as broadly as possible i n  o rder  t o  ob ta in  the 

broadest patent coverage. 

b u t  i t  i s  necessary t h a t  everything be explained as completely as possible 

t o  prevent the i nven t ion  from being l i m i t e d  t o  the  p a r t i c u l a r  reagents o r  

process steps used. Feel free t o  make any changes, de le t ions ,  etc. which 

you deem advisable. 

unpredictable r e s u l t s  which were observed. 

I apologize f o r  the  ex ten t  o f  the  questions, 

Also, please po in t  ou t  any a d d i t i o n a l  surpr is ing  o r  

ABSTRACT OF THE DlSCLDSURE 

An agent capable o f  detect ing the e a r l y  stages o f  pregnancy i n  humans 

i s  provided by prepar ing an antiserum t o  p ro te ins  i s o l a t e d  from pregnancy 

associated mater ia l  such as placentas. By conventional techniques o f  

detect ing antigen-antibody reactions, the antiserum i s  4 d  t o  detect the 

presence o f  pregnancy s p e c i f i c  proteins i n  women a t  the  e a r l y  stages of 

pregnancy. 

Background o f  the Invent ion 

This invent ion  was made i n  the course of, o r  under, a contract  w i th  

the Energy Research and Development Administrat ion. It re la tes  i n  general 

t o  pregnancy de tec t ion  and, more spec i f i ca l l y ,  t o  an agent and method fo r  

de tec t ing  pregnancy i n  women during the very e a r l y  stages. Pregnancy h a 5  

-. . 

been detected as e a r l y  as 18 days a f t e r  conception according t o  th i s  invcrr”;* 
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There has long been a need f o r  a simple, r e l i a b l e  t e s t  which i s  capable 

o f  de tec t ing  pregnancy w i t h i n  a sho r t  t i m e  a f t e r  conception. 

such a t e s t  would be of  g rea t  value fo r  those women w i t h  an ancestral  

h i s t o r y  o f  genetic disorders so t h a t  prevent ive therapy could be i n i t i a t e d  

as soon as possible. Those women working i n  p o t e n t i a l l y  t o x i c  o r  radio- 

a c t i v e  environments o r  t ak ing  p o t e n t i a l l y  harmful medication a l so  have a 

need f o r  ea r l y  pregnancy informat ion.  

For example, 

I n  the p r i o r  a r t  pregnancy has been detected by a v a r i e t y  o f  well-known 

methods. Most o f  the p r i o r  a r t  methods are unre l iab le  when administered 

sooner than s i x t y  days a f t e r  conception. One method which has been shown 

e f f e c t i v e  f o r  ea r l y  pregnancy de tec t ion  i s  described by 6.6. Saxena e t  a l .  

i n  the  a r t i c l e  "Radioreceptor Assay o f  Human Chorionic Gonadotropin: 

o f  Ea r l y  Pregnancy" Science, Vol. 8 pp. 793FF. (1974). This method i s  ra the r  

complex and requires the use o f  rad ioac t i ve  substances, and, therefore, might 

be unsui table f o r  rou t ine  c l i n i c a l  use. The present invent ion  involves the 

Detect ion 

use o f  host-produced ant ibodies t o  de tec t  the presence o f  pregnancy-speci f i c  

p ro te ins  i n  the sera o f  women i n  the  ea r l y  stages o f  pregnancy. The occurrence 

o f  pregnancy-specific components i n  sera from pregnant women was f i r s t  

demonstrated by Thornes and reported i n  an a r t i c l e  by MacLaren e t  a l .  i n  

Am. J. Obstet & Gynacol. z:939(1959).  Smithies i n  Adv. Pro te in  Chem. 14 

65, (1959) observed the presence o f  a pregnancy-associated a1 pha-globul i n .  

H i rsch fe ld  and Soderberg i n  Nature 187:332(1960) found two prec ip i ta tes  

on imnunoelectrophoresis o f  pregnancy sera. Gal l  and Halbert,  Int.  Arch. 

A l l e rgy  Appl. I m ~ l .  42-:503(1972); and L i n  e t  al. ,  Am. J. Obstet. Gynecol. 

- 118:223(1974) observed and character ized fou r  sequential pregnancy-associated 

1 0 1 5 8 1 s  - 2- - 



plasma pro te ins  found i n  the t h i r d  t r imes te r  of  pregnancy. 

been ra i sed  against pregnancy plasma and then absorbed exhaustively w i t h  non- 

pregnancy plasma. Bohn i n  Arch. Gynaekol. -:440(1971) used r a b b i t  

antihuman placenta antiserum absorbed wi th  male serum to  detect  four  

pregnancy-associated plasma p ro te ins .  

s p e c i f i c  and two could sometimes be detected i n  sera from non-pregnant 

female subjects, espec ia l l y  those tak ing  o r a l  contraceptives. 

C l i n .  Chem (Winston Salem, N.C.') B:657,  Abstr .  093, 1973 found pregnancy 

zone p r o t e i n  i n  women s i x  weeks pregnant. 

and non-pregnant women. While the  p r i o r  a r t  was aware o f  the  presence o f  

p ro te ins  associated w i t h  pregnancy, there  was no awareness o f  proteins which 

were s p e c i f i c  t o  pregnancy and which cou ld  a l so  be detectable s u f f i c i e n t l y  

e a r l y  i n  t h e  gestat ion per iod t o  be use fu l  as a pregnancy tes t .  

Antisera had 

Only one was considered pregnancy 

Berne, i n  

The p ro te in  was a l so  found i n  men 

S u m r y  o f  the  Invent ion  

It i s  an ob jec t  o f  t h i s  i nven t ion  t o  provide an agent capable o f  detect ing 

the  e a r l y  stages o f  pregnancy i n  humans. 

It i s  a fur ther ob jec t  t o  p rov ide  an agent capable o f  detect ing ea r l y  

pregnancy by simple and well-known c l i n i c a l  operations. 

I t  i s  a fu r the r  ob jec t  t o  provide a method f o r  the detect ion o f  pregnancy 

which requ i res  no radioact ive mater ia l  o r  complex procedures. 

I t  i s  a fu r the r  ob jec t  t o  provide an agent and method f o r  detect ing 

pregnancy which i s  e f f e c t i v e  l ess  than t h i r t y  days a f t e r  conception. 

These and other objects as w i l l  be apparent are provided according t o  

t h i s  i nven t ion  by a pregnancy de tec t ion  agent comprising an antibody t o  a 

pregnancy-specif ic p ro te in  i s o l a t e d  from non-speci f ic  antibodies and prepared 

by the  method comprising: 



a) contac t ing  a f i r s t  mixture o f  p ro te ins  occur r ing  i n  pregnancy- 

associated ma te r ia l  w i t h  ant ibodies ra i sed  against  human serum containing 

no an t i gen ic  pregnancy-speci f i c  p ro te i  ns ; 

b) separat ing non-speci f ic  ant igenic human p ro te ins  f r o m  said f i r s t  

mixture t o  p rov ide  a second mixture conta in ing  pregnancy spec i f i c  proteins 

i s o l a t e d  from non-speci f i c ant igenic p ro te ins  ; 
-ii'- - 

c )  i nnocu la t i ng  a host animal w i t h  sa id  pregnancy-specif ic proteins 

t o  cause sa id  hos t  animal t o  ra i se  ant ibodies t o  a t  l e a s t  one o f  said preg- 

nancy s p e c i f i c  proteins;  , .  
5 

d) harves t ing  serum proteins from sa id  host animal, sa id  serum proteins 

conta in ing  an t ibod ies  t o  a t  l e a s t  one of sa id  pregnancy spec i f i c  proteins; 

e )  con tac t ing  serum proteins from sa id  host animal with non-specif ic 

human serum p ro te ins  t o  e f f e c t  the separat ion o f  non-speci f ic  antibodies 

t o  human p ro te ins  from antibodies t o  pregnancy spec i f i c  proteins t o  provide 

a m i x t m  conta in ing  an antibody t o  a pregnancy s p e c i f i c  p ro te in  i so la ted  

from non-speci f ic  ant ibodies.  

A method o f  de tec t ing  the existence o f  pregnancy i n  humans according to  

[{zr  #/ L * b -  ' " c  
t h i s  i nven t ion  comprises contact ing serum # 

a pregnancy spec i f i c  p ro te in  i so la ted  from non-speci f ic  antibodies, and 

observing whether an ant ibodylant igen reac t i on  occurs, the  occurrence o f  s a i d  

reac t i on  being i n d i c a t i v e  o f  pregnancy. 

I 



Deta i 1 ed Descri p t i o n  

An important aspect of t h i s  invent ion  i s  the discovery t h a t  s t ruc tu res  and 

substances produced dur ing  the  course o f  pregnancy i n  women conta in  p ro te ins  

which are a l so  present i n  detectable quan t i t i es  i n  the very e a r l y  stages o f  

pregnancy. Another important aspect i s  the  discovery t h a t  a t  l e a s t  some o f  

these pregnancy-associated pro te ins  a re  both h igh ly  s p e c i f i c  t o  pregnancy 

and s u f f i c i e n t l y  an t igen ic  t o  r a i s e  ant ibodies i n  host animals which can 

then be i s o l a t e d  and used t o  de tec t  the  presence o f  the  pro te ins  i n  pregnant 

women r e l a t i v e l y  soon a f t e r  conception. [Question: Could i t  be predicted 

r e l a t e  t o  pregnancy s p e c i f i c  and non-pregnancy spec i f i c .  A non-specif ic 

p r o t e i n  i s  one which i s  no t  s p e c i f i c  t o  pregnancy. A non-speci f ic  antibody 

i s  an antibody t o  a non-specif ic p ro te in .  

r e f e r s  t o  a p r o t e i n  capable o f  producing detectable antibodies i n  a host 

animal. For purposes o f  t h i s  invent ion,  a non-antigenic p ro te in  i s  one 

which ra ises  no more than miniscule amounts o f  antibody which would not 

s i g n i f i c a n t l y  i n t e r f e r e  w i t h  the de tec t ion  o f  pregnancy spec i f i c  proteins 

by pregnancy spec i f i c  antibodies. 

The term ”ant igenic”  p ro te in  

1 0 1 5 8 1 8  i 
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The f i r s t  step i n  preparing the  pregnancy de tec t ion  agent o f  t h i s  

i n v e n t i o n  i s  t o  prepare a mixture o f  p ro te ins  occurr ing i n  pregnancy associ- 

a ted  ma te r ia l s  such as placentas, u m b i l i c i ,  amniotic f l u i d ,  f e t a l  t issue, 

( o the rs  ? ) 0Ile pdqc% ,etc. 
/ 

Placentas a re  pre fer red  because af t h e i r  ready a v a i l a b i l i t y .  The mixture o f  

p ro te ins  can be prepared from the  pregnancy-associated mater ia l  by a number 

o f  we1 1-known biochemical techniques f o r  concentrat ing proteins from bio- 

l o g i c a l  t i ssues  o r  f l u ids .  For purposes o f  t h i s  invention, the  separation 

o f  p ro te ins  from pregnancy associated mater ia l  need no t  be quant i ta t i ve .  For 

f i l t r a t i o n ,  e tc .  t o  provide a supernatant l i q u i d .  Proteins can be. separated 

from the supernatant by adding a p r e c i p i t a n t  such as amnonium sulfate.(Whrt 

-7- 
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o f  proteins.  

The next step i n  prepar ing the agent o f  t h i s  invent ion  i s  t o  contact the 

pro te ins  mixture i so la ted  from pregnancy associated s t ruc tu res  with antibodies 

ra i sed  against  human serum containing no ant igenic pregnancy-specif ic proteins 

over an imnunoadsorbent column loaded w4th antibodies ra ised  against  normal 

human serum (anti-normal human serum). [How would such an imnunoabsorbent 

column be prepared? Please provide a procedure f o r  loading a column mater ia l  

- - 
7 

I 
see kw-r I #' 



A f t e r  contacting the isolated proteins w i th  anti-normal human 

serum, the r a f f i n a t e  solut ion from the column ( the unbound f rac t i on )  

contains pregnancy speci f ic  proteins and non-pregnancy spec i f i c  proteins which 
J 

are non-antigenic, 5 .e,, i n s u f f i c M  antigenic t o  c@se the production 

o f  appreciable amounts o f  antibodies i n  warm-blooded animals. For purposes 

o f  t h i s  invention, such non-pregnancy-specific proteins can be regarded as 

non- i n t e r f e r i n g  materi a1 . 

The unbound f rac t i on  can then be concentrated t o  provide a serum su i t -  

able fak,Janoculation i n t o  the host animal. Concentration i s  usual ly nec- 

essary prior t o  in ject ion,  but, o f  course, antibodies could be raised less 

., “i 

e f f i c i e n t l y  against d i l u t e  solutions. Suitable hosts are v i r t u a l l y  any wan- 

A l l  t h a t  i s  necessary i s  that  a t  l eas t  one pregnancy spec i f i c  prote in  causes 

the host animal t o  ra ise antibodies. Aecw).)y Jt is  believed that’about 
rr4uotlf 

c4 i#r 3 di f fe ren t  pregnancy speci f ic  proteins cause the production 

o f  antibodies. As i s  customary i n  the ra i s ing  o f  antibodies, conventional 

-9- 



adjuvants can be employed t o  accelerate antibody production. The i n j e c t i o n  

I 

schedule can be expected t o  vary f o r  d i f ferent types of hosts, and i t  i s  

wel l  w i th in  the s k i l l  of those aquainted w i th  manufacturing vaccines, etc.  

t o  work out a sui table i n j e c t i o n  schedule f o r  pa r t i cu la r  type o f  host. 

[Aside from 'your speci f ic  example, i s  there any addi t ional  guidance you 

can give the pract i t ioner  concerning the i n jec t i on  schedule?] 

Af ter  a sui table period o f  time, usual ly several months, the host 

AEr 
animals are bled and t h e i r  plasma i s  harvested. The plasma contains serum 

protcim comprising antibodies t o  a t  l eas t  one of the pregnancy-specific 

hr  
A proteins. These serum proteins ( e i t h e r  concentrated o r  as plasma) are then 

i s  t h i s  step necessary since the serum was already passed through the 



and as such i s  now an agent capable of de tec t i ng  the presence o f  pregnancy- 

spec i f i c  proteins.  [How i s  t h i s  ma te r ia l  d i f f e r e n t  from the agents used by 

Bohn, Berne, Lin,  and other workers i n  t h e  p r i o r  a r t  t o  i s o l a t e  pregnanc 

associated proteins?] -&,+,,,pcy, F'e &,,& LdwA /J 

d 

Ay 4,,& ) f c , r A -  w -4 p 7  r7e Q h< , 
r .  

t?e 1 0  A b *  nrhf o + g:rt' kjb.7Lex e&&;- Y e p r v m  

pregnancy de tec t ion  agent su i tab le  fo r  t h e  general publ ic,  the  normal human 

serum should be co l lec ted  and pooled from a l a rge  sample o f  non-pregnant 

human donors having a l l  o f  the blood types. 

r- 

These would most l i k e l y  be 

l i m i t e d  t o  males t o  ensure that serum from unknowingly pregnant women d i d  0 
A 
cn 
m 
cm not contaminate the  serum. I t would be des i rab le  t h a t  a t  l e a s t  some non- 
w 

PreSnant women be included i n  the  sample t o  D r o v i d e  nnn-prpnnanrv related 



id 
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but  perhaps female speci f ic  proteins t o  the serum. The serum, o f  course, 

i s  t y p i c a l l y  co l lected as plasma separated from the pooled whole blood o f  

donors by centr i fugat ion and pooled. 

The anti-normal human serum i s  prepared by conventional techniques o f  

r a i s i n g  antibodies i n  host animals. For example, the pooled serum can be 

d i r e c t l y  i n jec ted  i n t o  the host animal wi thout  addi t ional  treatment, however, 

concentration o f  rhe serum i s  preferred. Goats are l ikewise preferred as 

hosts f o r  prcparing anti-normal human-serum. [Please describe a su i tab le 

The blood i s  then harvesied and centrifuged t o  recover the antibodies 

which are found i n  the l i q u i d  phase. This anti-serum i s  then (any addi t ional  
r 

t r ea  tmen L. here?) 

sed through a conventional 

1 

t o  separate 

goat serum proteins and 

20% anti-normalhuman serum. This so lu t i on  i s  passed through an imnunoabsomt 

column containing normal human serum t o  cause ant%ormal human serum to  bc 

bound onto the column. The bound anti-serum i s  then eluted wi th  

, o r  (any other eluants?) -_  -. 

and i s  ready f o r  loading onto an imnunoadsorbent column fo r  use i n  p r e p d r * v  



t h e  agent o f  t h i s  invent ion .  I t  should be noted t h a t  imnunoadsorbent 

columns used according t o  t h i s  invent ion  provide both reac t i on  contact 

between an t igen and an t ibod ies  as we l l  as separat ion o f  unreact ive components 

which e x i t  t he  column as the unbound f rac t i on .  

The pregnancy de tec t ion  method of t h i s  i nven t ion  comprises contacting 

serum from the  p a t i e n t  w i t h  ant ibodies t o  pregnancy s p e c i f i c  proteins i so la ted  
L, 

c' L/ 

7 
-- 
from non-speci f ic  ant ibodies.  Since the existence o f  t he  ant igenic pregnancy 

L/ 
s p e c i f i c  p r o t e i n  has herein been demonstrated, t he  source o f  the  protein i s  

n o t  an essent ia l  f ea tu re  of the  pregnancy tes t .  The desired antibodies can 

be prepared by the  method disclosed herein, o r  i t  i s  conceiveable tha t  a t  

l e a s t  one o f  the  pregnancy spec i f i c  p ro te ins  can be i d e n t i f i e d  and synthesized, 
J 

thereby avoiding the  necessi ty of separating the  pregnancy spec i f i c  p ro te in  

from ant igen ic  non-specif ic human proteins.  The syn the t ic  p ro te in  could 

then be used d i r e c t l y  t o  r a i s e  antibodies useful  f o r  de tec t ing  pregnancy. L/ 
J 

All t h a t  i s  necessary i s  t h a t  serum from a pa t i en t  be contacted w i th  an 

ant ibody ra i sed  aga ins t  a pregnancy spec i f i c  p ro te in  and the  resu l t s  observed 

t o  de tec t  s igns o f  antibody/antigen react ion.  The occurrence o f  the react ion 

o f  course, ind ica tes  pregnancy. I t  can be r e a d i l y  appreciated tha t  any o f  

t h e  several methods fo r  detect ing antigen/antibody reac t ion  i s  sui table f o r  

de tec t i ng  pregnancy according t o  my method. Examples of such methods are 

ge l  p rec ip i t a t i on ,  gel  electropherograms, imnunoel ectrophoresis, - T 

cir;ss l m m  u ,-, C t L - i Y c .  nArrrs* , f  , 1mrn-t A,'&,, :-l 

[Do each of t h e  t e s t s  requ i re  blood serum? Do each requ i re  contact between 

the  serum and antiserum? Would other bi&i f l u i d s  such as lymphatic fluid, 

-1 R -  
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i s  f o r  detect ing pregnancy w i t h i n  about o f  conception. A f t e r  

months, pregnancy i s  r e l i a b l y  by w e l l  known external  

ft' ,AI,- 
symptoms. 

I n  order t o  demonstrate a preferred method f o r  prepar ing the  pregnancy 

detect ion agent o f  t h i s  invent ion  and the o p e r a b i l i t y  o f  the agent f o r  

detect ing pregnancy, a de ta i l ed  example i s  presented. It w i l l  be apparent 

t ha t  substant ia l  v a r i a t i o n  from the procedures described the re in  can be made 

without depart ing from the  s p i r i t  and scope o f  the  invent ion.  

Example 

Preparation o f  crude placental  extract .  Term placentas were obtained a t  

de l i very  and c h i l l e d  i n  0.85% sodium ch lo r ide  so lu t i on  f o r  preservation. 

The placentas were washed f o r  1 hr. i n  tap water t o  remove a maximum o f  blood 



w-t 
and the placentas- cu t  i n t o  pieces about 1 cm on a side and frozen. Sub- 

sequently, t h e  frozen mater ia l  was homogenized i n  three volumes o f  0.1 M, 

pH 7, phosphate buffer. The homogenate was centr i fuged a t  17,000 x g f o r  

4Lc 
10 min. i n  an angle-head centr i fuge, the  supernatant was col lected, and'pellet 

was rehomogenized i n  two volumes o f  the  same buf fe r ,  and a second cen t r i f u -  

ga t i on  a t  17,000 x g f o r  10 min. was done. [Question: What i s  x g?] 

A+ms ,.J,+~;~ . f ; ~  err+; A j~ - r rA (~*~e~~  bj JY&*-~ '  ?/ 
The p ro te ins  o f  i n t e r e s t  were p rec ip i t a ted  f r o m  the  pooled supernatants by 

0.1 M, pH7, phosphate buffer containing 0.1% sodium azide, the so lu t ion  was 

d ia lyzed against  t h i s  same buffer,(what s o r t  of membrane? Anything c r i t i c a l  

and any mater ia l  t ha t  p rec ip i ta ted  was removed by cent r i fugat ion .  (What was tL 

an imnunoadsorbent column of antibodies t o  n o m 1  human serum. (How was i t  

" 1 0 1 5 8 8 9  



by gel electrophoresis. The solut ion could not be concentrated beyond 

20 $80 u n i t s  per m l  without undesired p rec ip i t a t i on  occurring on storage, 

especia l ly  on freezing and thawing. An u n i t  i s  the quant i ty o f  

p ro te in  per m l  o f  water o r  buffer giv ing an absorbance o f  1 a t  280 nm i n  

a c e l l  w i t h  a l i g h t  path of 1 cm. Apparently, the bulk of the material that  

p rec ip i t a ted  was placental t issue proteins, mostly ac id  i n  nature. This 

mater ia l  could be separated i n t o  several subfractions by chromatography over 

s e e  A l t A c f l m w  7 MAE cellulose. [How? What so r t  of eluents?] 

Though not essential t o  the operab i l i t y  o f  the process, some separations 

o f  placental t issue proteins t h a t  appear i n  the serum f r o m  those that do 

n o t  could be effected. Only 10 t o  15 of the proteins i n  the mixture have 

proved t o  be s u f f i c i e n t l y  antigenic t o  r e s u l t  i n  detectable antibody production 

t o  them. I t  i s  l i k e l y  procedure ( for  example, 
o. I *1 p4rcLl.c;c 

mild ac id  ext ract ion of diced placenta, without homogenization) i n  order t o  

minimize the ext ract ion of proteins that  do not appear i n  the plasma; however, 

t h i s  i s  unnecessary fo r  the operabi l i ty  of the process. 

-. The placental extracts, minus non-specific serum . .  

proteins but s t i l l  containing the r e l a t i v e l y  nonantigenic t issue proteins 

mentioned, were concentrated t o  about 15 A280 un i t s  per m l  f o r  in ject ion 

purposes. An estimate o f  the antigen content was 0.1 t o  1 mg/ml, based on 

i n t e n s i t y  o f  react ion i n  imrunodiffusion. The ext ract  was mixed with eoual 



8 
f 
,; 

t 
.$ i 6: subcutaneously i n t o  goats and rabb i ts ,  e i t h e r  i n  the hips o r  behind the 
;2 

j a  & &  
~ 3 2 neck ( 4  m l  f o r  goats, 1 m l  f o r  rabb i t s ) .  [Would introvenous i n j e c t i o n  
I . .  + , z  -.: * -  ( c r t a t L q  r ,  . 
? t 3 a lso  work?] g.,& cftc,-,, /y+6.cp.,: .u I * J t C T -  e 5 M h  /i 
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subcutaneously a t  weekly i n te rva l s .  

done with ant igen plus adjuvant. F i r s t  bleeding was a t  5 weeks (40 m l  f o r  

r a b b i t s  and 150 m l  f o r  goats) and was biweekly therea f te r  t o  t e s t  f o r  

Every fourth week, i n j e c t i o n  was 

" s  E. -, 7 ,g 

f 4 1 1 
c f l 3  $ 2  

ant ibody production. H i g h - t i t e r  antiserum was obtained, usua l ly  i n  about 

7 t o  8 months. The antiserum was absorbed on a conventional imnunoabsorbent 

colunm w i t h  l yoph i l i zed ,  pooled serum obtained from normal human males (100 

mg/ml o f  antiserum) t o  remove non-specif ic antibodies. The unbound f r a c t i o n  

contained pregnancy spec i f i c  ant ibodies and normal animal protein.  [Is 

any f u r t h e r  treatment necessary o r  des i rab le  fo r  comnercial manufacture? 

V Gel p r e c i p i t a t i o n  was used t o  t e s t  the  a n t i s c r m  !3 

p lacenta l  antigens f o r  the presence of antigens tha t  appeared i n  the sera of  

pregnant women. The antiserum was f i r s t  tes ted  against sera f rom women i n  t r w  

t h i r d  t r imester  o f  pregnancy. Tests against  the sera f rom three d i f f e r e n t  

women i n  t h e i r  f i r s t  pregnancy, three women i n  t h e i r  second pregnancy, and 

th ree  wanen i n  t h e i r  t h i r d  pregnancy showed pos i t i ve  reactions w i t h i n  5 hour5 

4 1 0 1 5 8 q i  
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w i t h  2 t o  4 bands c lear ly  v i s i b l e  a f te r  40 hours. 

three p la tes was from a 28 year o l d  woman who had had one successful 

pregnancy 5 years previously, and who since tha t  time had been taking 

an estrogen-based b i r t h  control p i l l .  

the control .  

The control for a l l  

No react ion was noted a t  any time w i th  

. -... 
The antiserum gave negative tes ts  acainst  a succession o f  batches o f  

pooled normal human male sera. 

40 samples of th i rd- t r imester pregnancy sera. 

sera o f  ten nonpregnant women, inc lud ing those previously pregnant. O f  

f ou r  cases tested, no reaction has been shown wi th  sera from w m n  taking 

estrogen-related contraceptives. 

pregnancy ear ly  enough t o  be valuable for a pregnancy t e s t ,  several runs 

were made on serum from womn who suspected pregnancy. A serum sample was 

obtained from a 29-year-old woman 6 days a f te r  she had fa i led t o  begin her 

menstrual period. A good estimate of the time duration since conception 

was 18 t o  22 days. A serum sample was obtained f rom a 25-year-old woman 

10 days a f t e r  she had f a i l e d  t o  begin her menstrual period, g iv ing a t im 

durat ion o f  22 t o  26 days since conception. The samples were tested by 

double d i f f us ion  against antiserum t o  placental antigens. 

and serum from a woman i n  the t h i r d  t r imester o f  her t h i r d  pregnancy were 

used as rafersrce. 

It was pos i t i ve  against a l l  o f  a ser ies o f  

I t  was negative against the 

I n  order t o  demonstrate the detection o f  

J e k  6. 

Placental ext ract  

A f t e r  16 hr. one sharp band and one f a i n t  band o f  prec ip i ta t ion were 

observed i n  both samples, and the two bands merged o r  showed i d e n t i t y  w i th  

bands from both placental ext ract  and the th i rd- t r imester  pregnancy serum sample. 



the  s t a r t  o f  imnunodiffusion. were observed for 

the  second sample within 24 h r  a f t e r  loading. 

Another early-pregnancy serum sample, taken -- d* 3-t 

cept ion,  was tes ted  against  the antiserum and gave two p r e c i p i t i n  

16 hr. Pregnancy was confirmed a t  8 weeks o f  gestat ion by rou t ine  examination 

f o r  a l l  t h ree  o f  the women. 
A f  f e w  

The human placental  antigen preparation gave ten  

d i s t i ngu ishab le  p r e c i p i t i n  bands w i t h  the  antiserum. 

are the  strongest f o r  very e a r l y  pregnancy samples show i d e n t i t y  w i t h  the 

weakest bands from samples from t h i r d - t r i m s t e r  pregnancies. 

t h a t  the antigens invo lved reach a concentrat ion peak e a r l y  i n  pregnancy, 

and then s lowly  decrease dur ing gestat ion. 

The p r e c i p i t i n  bands t h a t  - 

This indicates 

I -- *a + ~ r u (  & m u * .  
While the  p a r t i c u l a r  pregnancy s p e c i f i c  ant igenic p ro te ins  u t i l i z e d  f o r  

t h i s  invent ion  have no t  ye t  been characterized, t h e i r  i d e n t i f i c a t i o n  i s  no t  

essen t ia l  t o  manufacturing the  agent of t h i s  invent ion o r  t o  performing the 

pregnancy t e s t  of t h i s  invent ion.  

Recent advances i n  cancer research have int imated tha t  ce r ta in  proteins 

present i n  pregancy  are g x p r e s s e d  i n  the ea r l y  stages o f  cancer. This i s  

cons is ten t  t o  the idea t h a t  t he  formation o f  the fetus i s  phys io log ica l l y  

s i m i l a r  t o  t h e  format ion o f  tumor c e l l s  i n  cancer pat ients.  Accordingly, 

an expected u t i l i t y  f o r  the pregnancy detect ion agent o f  t h i s  invent ion i s  

the  e a r l y  detect ion o f  cancer. [ If possible, could you elaborate on t h i s  

idea, g i v i n g  add i t iona l  references o r  evidence o f  the possible u t i l i t y ? ]  

& e  74t A*hiu* 
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I What i s  claimed i s :  

1. A pregnancy de tec t ion  agent comprising an antibody t o  a pregnancy 

5 * % 

-3 
4 

spec i f f c  p ro te in  i s o l a t e d  from non-specif ic antibodies and prepared by the 

method compri s i ng  : 

-;ii a) contact ing a f i r s t  m ix tu re  of proteins occurr ing i n  pregnancy-associated 

J J d  
ant ibodies r a i s e d  against human serum containing no antigenic 
/ 

mater ia l  w i t h  

pregnancy-specif ic p ro te ins ;  J 

b) separating non-spec i f i c  ant igenic human pro te ins  f r o m  sa id  f i r s t  mixture 

/ / 
t o  provide a second mix tu re  conta in ing  pregnwcy spec i f i c  proteins is01 ated 

from nm-spec i f i c  an t igen ic  proteins;  
t 

c)  innocu la t ing  a host animal w i t h  sa id  pregnancy-specific proteins t o  

/ / 
cause said host animal t o  r a i s e  antibodies t o  a t  l e a s t  one o f  said pregnancy 

3 
4 

s p e c i f i c  p ro te ins  ; 
3 
J 
? 

4 
1 
i 

d) harvest ing serum p ro te ins  f r o m  sa id  host animal, said serun proteins 

'.i? 

conta in ing  ant ibodies t o  a t  l e a s t  one o f  sa id  pregnancy-specific proteins; I .. 
- - J ('6s i*;r & n r i h r * - )  

e) contact ing serum pro te ins  from sa id  host animal w i th  non-specific * A 
J /// 

I /  /-. / w / 

human s e r m  p ro te ins  t o  e f fec t  t h e  separation o f  non-speci f ic  antibodies t o  

human proteins f r o m  ant ibodies t o  pregnancy specif ic p ro te ins  t o  provide a 

mix tu re  containing an antibody t o  a pregnancy spec i f i c  p ro te in  i so la ted  from 

non-specif ic antibodies. 

- 

__cc 

:"Ip"- C / C l -  I 
/ 

L/ 

2. The agent o f  c la im  1 i n  which said proteins occurr ing i n  pregnancy 

associated mater ia l  are recovered f r o m  placentas. 

3. A method o f  de tec t i ng  the  existence of pregnancy i n  humans comprising 

contact ing serum or LI VI n C  from a 

p a t i e n t  w i t h  an antibody t o  a pregnancy spec i f i c  p ro te in  i so la ted  from non-specif ic 

antibodies, and observing whether an antibodylantigen react ion occurs, the 

- 
1 

0 
A 

rn 
9 
F 

vl -:- -;, --. ..--*L ' -_  
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4. The method of c la im 3 wherein sa id  serum o r  dr l f l t  

i s  withdrawn f r o m  sa id  pa t i en t  w i t h i n  about 

t - Y  4 4  

months o f  conception. ‘/t 

0 0 

4. The method of c la im 3 wherein sa id  serum o r  dr l f l t  

i s  withdrawn f r o m  sa id  pa t i en t  w i t h i n  about 

t - Y  4 4  

months o f  conception. ‘/t 

5. A method o f  de tec t ing  the  existence of  pregnancy i n  humans comprising 

i contac t ing  serum o r  - dkt  R f 

I 5. A method o f  de tec t ing  the  existence of  pregnancy i n  humans comprising 

I contac t ing  serum o r  - dkt  R f 

! from a p a t i e n t  w i th  the agent of c la im  1 and observing whether an antibody/ 

ant igen reac t ion  occurs, the Occurrence o f  sa id  reac t ion  being i nd i ca t i ve  

o f  pregnancy . 

6. The method of c la im 5 wherein sa id  serum i s  w i thd raw f r o m  said * - J w e d s  

p a t i e n t  w i t h i n  about ’1% G s  o f  conception. 

7. The method of c la im  5 wherein sa id  p ro te ins  occurr ing i n  pregnancy 

associated mater ia l  are recovered from placentas. 
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INSTRUCTlOM roll ORArT PATFNT APPLICATION 

Plcasc provide the requested inforaation, i f  possiblc. I f  a statement 

I have tried t o  is incorrcct ,  please replace i t  w i t h  a correct  statcnient. 

describe the invention as broadly as possible i n  order t o  obtain the 

broadest patent covzrage. 

but i t  is  necessary tha t  everything be explained as completely as possible 

t o  prevent the inventicn from being limited to  the part icular  reagents o r  

process steps used. Feel f ree  to  mke any changes, deletions,  etc: which 

you deem advisable. A l s o ,  please point out any additional surprising o r  

unpredictable resu l t s  which were observed. 

I apologize f o r  Lht. extent of the questions, 

ABSTRACT OF THE DISCLOSURE 

An agent capable of detecting the ear ly  stages of pregnancy i n  humans 

i s  provided by preparing an antiserum to  proteins isolated from pregnancy- 

associated material such as placentas. By conventional techniques of 

detecting antigen-antibody reactions,  the antiserum i s  u$d t o  detect  t h e  

presence o f  pregnancy-specific proteins i n  women a t  the ear ly  stages of 

f 

pregnancy. 

Background of the Invention 
\ 

This Invention was made i n  the course of ,  p r  under, a contract  w i t h  

- ' . .  - . "  
the Energy Rescarch and Devclopment Administration.. I t  re la tes  i n  general 

, .  
t o  pregnancy detection a n d ,  niore spec i f ica l ly ,  t o  an  agent and nethod f o r  

detecting pregnancy i n  womn during thc very ea 

bccn detected a s  car ly as 18 d ~ y s  a f t c r  conccpt 

ly  stages. Preqnancy h.1: 

on  according to  this i n v l  t s i  - 



. .. . -  

0 

There has lorig bccn a nced for a SiiIIplc, r c l i a b l c  l e s t  which i s  ca()abl[! 

'of detect ing pregnancy w i t h i n  a shor t  t h e  a f t e r  conception. For cxaiiioI(:, 

i u c h  a t e s t  would be of  g rca t  value fo r  those wonrn w i t h  an ancestral 

h i s t o r y  o f  genetic disorders so t h a t  prevent ive therapy could be i n i t i a t e d  

as soon as possible. Thosc! working i n  p o t e n t i a l l y  t o x i c  o r  radio- 

a c t i v e  environments o r  tak ing p o t e n t i a l l y  harmful medication a lso have a , . -  rM FDA I L  ciW / ~ ~ u t ~  k ' ; - v n i y d  

need f o r  ea r l y  pregnancy 

v: w .  

e P- methods. Most o f  the p r i o r  a r t  methods are un re l i ab le  when administered %&, 
'? 

sooner than s i x t y  days a f t e r  conception. One method which has been shown 

e f f e c t i v e  f o r  ea r l y  pregnancy detect ion i s  described by B.B. Saxena e t  a l .  

i n  the  a r t i c l e  "Radioreceptor Assay of Human Chorionic Gonadotropin: Detection 

of E a r l y  Pregnancy" Science, Vol. 8 pp. 793FF. (1974). This method i s  ra ther  

complex and requires the  use of  rad ioact ive substances, and, therefore, migh t  

be unsui tab le f o r  rou t i ne  c l i n i c a l  use. The present invent ion involves the 

use of host-produced ant ibodies t o  detect  the presence o f  pregnancy-specific 

p ro te ins  i n  the sera o f  women i n  the  e a r l y  stages o f  pregnancy. The occurrence 

o f  pregnancy-specific components i n  sera from pregnant women was f i r s t  

d m n s t r a t e d  by:Thornes,and reported i n  an a r t i c l e  by MacLaren e t  a l .  i n  

Am. J.' Obstet 6 Gynecol. g:939(1959). 

65,(1959) observed the presence o f  a pregnancy-associated alpha-globul i n ,  

Hi rschfe ld  and Sodcrberg i n  Nature 187:332(1960) found two prec ip i ta tes 

Smithies iA'Adv. Prote in  Chem. 
- . .  

. -  .- 

on inmunoelectrophorcsis o f  pregnancy sera. Gal l  and Halbert, I n t .  Arch. 

A l l c r g y  Appl. Imueol .  !?:503(1372); arid L i n  c t  a l . ,  Ani. J. Ohstct. G Y I N . ~  1 
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been r a i d  against  prcgnancy plasiiia and then absorbcd cxhdust ivcly w i t h  I M J I I -  

pregnancy p lasm.  Bohn I n '  Arch. Cynaekol. =:440(1971) used r a b b i t  

antihuman placenta antiserum absorbed w i t h  n u l e  serum to  detect  four 

pregnancy-associated plasma proteins.  

s p e c i f i c  and two could sometimes be detected i n  sera from non-pregnant 

Only one was considered pregnancy- 

female subjects, especial ly those tak ing  o r a l  contraceptives. 

Clin. Chem (Winston Salem, N.C.) 2 : 6 5 7 ,  Abstr. 093, 1973 found pregnancy 

zone p r o t e i n  i n  women s i x  weeks pregnant. The p ro te in  was a lso found i n  men 

and non-pregnant women. While the p r i o r  a r t  was aware o f  the presence o f  

p ro te ins  associated w i t h  pregnancy, there was no awareness o f  prote ins which 

were s p e c i f i c  t o  pregnancy and which could a l so  be detectable s u f f i c i e n t l y  

e a r l y  i n  the gestat ion period t o  be usefu l  as a pregnancy test .  

Berne, i n  

- 

Sumnary o f  the Invent ion 

I t  1s an ob jec t  o f  t h i s  invent ion to. provide an agent capable o f  detect ing 

t h e  e a r l y  stages o f  pregnancy i n  humans. 

I t  i s  a f u r t h e r  ob ject  t o  provide an agent capable o f  detect ing e a r l y  

pregnancy by simple and well-known c l i n i c a l  operations. 

I t  i s  a f u r t h e r  object  t o  provide a method f o r  the detect ion o f  pregnancy 
\ 

cl 
which requires no radioact ive mater ia l  o r  complex. procedures. 

I ,  

I t  4 s  a f u r t h e r  bb ject  t o  provide an' agent aGd-method f o r  detect ing 
LI 

pregnancy which i s  e f fec t i ve  less than t h i r t y  days a f t e r  conception. 

These and other  objects as w i l l  be apparent are provided according t o  

' t h i s  invent ion by a prcgnancy detect ion agent coiiiprising an antibody t o  J 



a) f i r s t  providing a mixture of prote ins occurring i n  pregnancy-associated 

ma te r ia l  and containing an ant igenic pregnancy-specific protein;  

b)  i s o l a t i n g  sa id antigenic pregnancy-specific prote in  from non-speci f ic  

an t i gen ic  proteins; 

c) innoculat ing a host animal w i t h  sa id iso la ted pregnancy-specific antigenic 

p r o t e i n  t o  cause sa id host animal t o  ra i se  antibodies t o  sa id pregnancy-specific 

an t i gen ic  protein;  

d) harvesting serum proteins f r o m  sa id innoculated host animal, sa id  serum 

p ro te ins  containing antibodies t o  sa ld pregnancy-specific ant igenic protein,  and 
5 I 

e) i s o l a t i n g  sa id antibodies t o  sa id  pregnancy-specific ant igenic  p ro te in  from J 
ant ibodies t o  non-specific human proteins. 

&ai*iq & f & ~  

The preferred pregnancy-associated materia1"is placentas. More concentrated 

pregnancy-speci f i c  antibodies are obtained by separating pregnancy-specific an t i -  

- 
bodies f r o m  the remaining animal s e r m  proteins and/or antibodies. 

A method of detecting the existence of pregnancy i n  humans according t o  t h i s  

i nven t ion  comprises contacting serum o r  ur ine from a pa t ien t  w i t h  an antibody t o  

a pregnancy-specific prote in  i so la ted  from non-specific antibodies, and 

observing whether an antibody/ antigen react ion occurs. the occurrence o f  said 

reac t i on  being i nd i ca t i ve  o f  pregnancy. 

- a  : 

\ 

I t  i s  possible t h a t  other body f l u i d s  

such as l y m p b t i c  f l 'u id  

t h i s  invention, however 

tes t i ng .  

* I  

might contain pregnancy-spqi f ic  p-oteins according t o  

ur ine and serum are most sui table f o r  rout ine c l i n i c a l  



5 ',t. ;!' Oetai l e d  Descr ip t ion 

i An important aspect of  t h i s  invent ion i s  t h e  discovery that  structures and 

substances produced dur ing the course of pregnancy i n  women contain proteins 

which are a l so  present i n  detectable quan t i t i es  i n  the very ea r l y  stages of 

pregnancy. Another important aspect i s  t he  discovery t h a t  a t  l eas t  some o f  

these pregnancy-associated proteins are both h i g h l y  s p e c i f i c  t o  pregnancy and 

s u f f i c i e n t l y  ant igenic t o  ra ise antibodies i n  host animals which can then be 

i s o l a t e d  and used to  detect  the presence o f  the prote ins i n  pregnant women 

/ - I 
- 

- _- 

1, 

I 
I 

\ i 
\ ._ 

--_ - __ 

__ _ -  

-- 

r e l a t i v e l y  soon a f t e r  conception, by standard inmunological techniques. / 
___- __ -- f 

For purposes o f  t h i s  invention, the terms spec i f i c  and non-specific r e l a t e  

t o  pregnancy-specific and non-pregnancy-specific. A non-specific prote in  i s  one 

which i s  n o t  spec i f i c  to pregnancy. A pregnancy-specific antibody i s  an antibody 

t o  a pregnancy-specific protein. A non-specific antibody i s  an antibody t o  a non- 

speci f ic  prote in .  The tern "antigenic" p ro te in  re fers  t o  a protein capable o f  

producing detectable antibodies i n  a host animal. For purposes of t h i s  invention, 

a non-antigenic p ro te in  i s  one which ra ises no more than miniscule amounts o f  antibody 

which would not  s ign i f i can t l y  in ter fere w i t h  the detect ion o f  pregnancy-specific 

prote ins by pregnancy-speci fis an ti bodies. 

The f i r s t  step i n  preparing the pregnancy detect ion a g h t  of t h i s  invent ion 
- . .  - .- 

i s  t o  prepare a mixture o f  proteins occurring i n  pregnancy-associated materials 

such as placentas, umbi l ic i ,  anniot ic f l u i d ,  f e ta l  t issue, etc. Placentas are 

preferred because o f  t h e i r  ready a v a i l a b i l i t y .  The separation of proteins from 

pregnancy-associated material need not be quant i ta t ive.  The mixture o f  proteins 

can be prepared from the pregnancy-associated mater ia l  by a number o f  well-known 



-- 

biochemical techniques f o r  concentrating proteins from b i o l o g i c a l  t issues 

o r  f l u i d s .  This prote in  mixture w i l l  contain ant igenic pregnancy-specific 

protein.  While there are normally several ant igenic pregnancy-specific proteins 

present i n  pregnancy-associated material, only one need be present f o r  purposes 

o f  t h i s  invention. For example, pregnancy-associated t issues can be diced and 

homogenized i n  a s t a b i l i z i n g  medium t o  minimize p r e c i p i t a t i o n  and agglomeration 

o f  proteins.  
PH 1 
7 

Suitable s t a b i l i z i n g  media include phosphate bu f fe r ,  o r  a m i ld  acid 

such as 0.1 fi perchlor ic acid. The homogenized suspension i s  then separated 

i such as by centr i fugat ion,  f i l t r a t i o n ,  etc. t o  provide a supernatant l i qu id .  

Proteins can be separated from the supernatant by adding a prec ip i tant ;  Suitable 

p rec ip i t an ts  include amnoniun sul fate,  sodium sulfate, o r  o ther  s a l t i n g  agents 

as are known in  the art .  The prec ip i ta ted proteins are separated from the 

so lu t i on  e.g. , by cen t r i f uga t ion  and redissolved i n  a b u f f e r  so lu t i on  containing 

a bac te r ios ta t  o r  bacteriocide: f o r  example, 0.1% sodium azide t o  prevent growth 

of unwanted bacteria. Other su i tab le reagents include merthiolate,  b \ u e h  
#ow/L*--, b U m b  1 

, e t c .  

The p ro te in  so lut ion can then be d ia l j zed  against the same b u f f e r  t o  remove the 

traces of the prec ip i tant .  Dia lys is  can be ca r r i ed  out  w i th  any o f  the well-known 

d f a l y s i s  membranes such as viscose d ia l ys i s  tubing so ld  by Union Carbide Corporation 

under the trade name VISKING. 
' /  

The prote in  so lut ion i s  -separated f r o m  prec ip i ta ted 

- . -  
mater ia l  t o  p'rovide a r e l a t i v e l y  pure so lut ion o f  proteins. 

The next step i n  preparing the agent o f  t h i s  i n v e n t i o n . i s  t o  i so la te  antigenic 

pregnancy-specific p ro te in  from non-specific ant igenic proteins. Preferably, t h l  t 
(. 

I s o l a t i o n  should be complete, however, small amounts o f  ant igenic non-specific 

proteins can be to lerated wi th  the speci f ic  proteins since, subsequent processinr, 1 5  

I 

. .  



capable o f  removing non-specific antibodies. I t  has been found tha t  the 

removal o f  most o r  a l l  o f  the ant igenic non-specific proteins from the mixture - f 
\ . -- 

o f  prote ins p r f o r  t o  i n jec t i on  i n t o  a host animal w i l l  y i e l d  a subs tan t i a l l y  I* 
-. --. - - - -. ._ ---- 

h igher t i t e r  ant isera i n  the hos t .  When nm-spec i f i c  ant igenic prote ins are 
-- 

removed p r i o r  t o  innoculation, the host animal's imune response i s  d i rected 

toward the pregnancy-specific protein.  When non-speci f i c  a n t i  genic proteins 

are no t  removed p r i o r  t o  innoculation, the normal human proteins are l i k e l y  

t o  s h i e l d  ou t  the response t o  the pregnancy-specific proteins. [Question - 

There are a t  l eas t  two methods by which ant igenic pregnancy-specific p ro te ln r  

can be i so la ted  fran non-specific ant igenic hunan proteins. I n  one instance, the 

mixture can be contacted w i th  ant ibodies raised against human serum containing no 

pregnancy-specific proteins, here inaf ter  termed anti-normal human serum. Sui t a b l e  
s 

serum can be col lected and pooled from a large sample o f  mz\ldes and non-pregnant 

females, 

~ m d r r y r )  40 r a k e  host-podwd orXbodir3, . . ' . 
# 

The' antibodies to  t h i s  pooled serum wi1.1- react7with non-specific a n t i -  

genic proteins I n  the mjxture, and the react ion products can be separated from 

the mixture, thereby providing a mixture o f  pregnancy-specific proteins and n m -  

antigenic, non-specific proteins. 

prote ins can be regarded as non- in ter fer ing m a t e r i a l .  A l ternat ive ly ,  the prort... 

For purposes o f  t h i s  invention, such non-dnt 1 .e*- 
- -  

L / 
b 



mixture  obtained from the Pregnancy associated mater ia l  can be contacted w i th  v 
a n t i  bodies ra i sed  against pregnancy-speci f i c prote ins whereby only a n t i  genl c 

pregnancy-specific proteins react  w i t h  the  antibodies and are recoverable f r o m  

t h e  mixture.  This method w i l l  provide an innoculent more concentrated i n  
“r’ .7 

pregnancy-speci f i c  protein. 

The preferred method of carry ing out  ant ibodylant igen reactions f o r  i s o l a t i n g  

the  pregnancy-specific proteins from ant igenic  

t h e  p r o t e i n  mixture through an imnuno-absorbent 

I< - 
ant ibodies,  e.g. anti-normal human serum o r  anti-pregnancy-specific proteins. /*y--.-+! 

llrnHJ$41tr p*4.3) p-7 .-7 
0.09A I .-*“e A C A m ,  

r - -  
When the colunn i s  1 9  w i th  anti-normal h d n  se 

the pregnancy speci f ic  
cqpablc of Jvmi-) OnftbOdI /dit- condw*,: 

a s u i t a b l e  eluent%uch as a 2.5 sodium t h i  cyan t e  solution. *e d ~ d f 4 ’ ~ . 7 e 0 * ~  d w - 2  u h b c l d -  

The next  step i n  preparing the agent o f  t h i s  invent ion i s  t o  innoculate a 

hos t  animal with the i so la ted  pregnancy-specific ant igenic proteins t o  cause 

the host animal t o  raise antibodies t o  the pregnancy-specific proteins. A l l  

t h a t  i s  requi red p r i o r  t o  innoculat ion i s  t h a t  the proteins be i n  a solut ion 

\ \ 

a4 
capable of i n jec t i on .  The solut ion f r o m  the imnunobsorbent step can be concen- 

Su i tab le  hosts are v i r t u a l l y  any warm-blooded animals such as goats, cat t le ,  horses, 
b 

I -  

] s 1 $ q g ;  
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rabbi ts,  chickens, e tc .  Goats are preferred because they have an extensive and 

mu l t i - va r ied  antibody response, normally superior t o  other animals. O f  course, 

I t  can be r e a d i l y  appreciated that  the terms "ant igenic" and "non-antigenic" 

re fe r  t o  the p a r t i c u l a r  host animals being used since an antigenic protein t o  %& 

animal may be non-antigenic t o  others. No warm-blooded animal has proven incapable 

o f  producing antigens t o  a t  l e a s t  one pregnancy-specific protein. As i s  customary 

I n  the r a i s i n g  o f  antibodies, conventional adjuvants can be employed t o  accelerate 

antibody-production. The i n j e c t i o n  schedule can be expected t o  vary for d i f f e ren t  

types o f  hosts and i t  i s  wel l  w i th in  the s k i l l  o f  those acquainted wi th  the manu- 

facture o f  vaccines, etc. t o  work out a su i tab le  i n j e c t i o n  schedule. The same 

I n j e c t i o n  schedule w i l l  be appropriate for  producing anti-normal human serun. 

t 

The next step i n  preparing the agent of t h i s  invent ion i s  harvesting serum 

prote ins from t h e  innoculated host animal. Af ter  an innoculat ion schedule (e.g., 

sua 
weekly) of several months, the host animals are b led  and the i rn l l rm; l  harvested. 

S e v u m  /*.TC, a)  
The +barn i s  separable f rom whole blood by conventional means such as centr i fugat ion 

7+ 
serum, contains host serum proteins comp i s i n g  antibodies to  a t  least  

bd 6 --+/bJk c 
one o f  t h e  pregnancy-specific proteins. 

The next s tep i n  preparing the agent of t h i s  invent ion i s  i so la t i ng  antibodies - - 
t o  the pregnancy-specific prdteins f r o m  antibodies t o  non-specific human proteins. 

Even i f  the prote ins i n jec ted  i n t o  the host were completely f ree o f  antigenic non- 

- - . .  
- . -  

speci f ic  human proteins,  i t  i s  necessary t h a t .  th7; i s o l a t i o n  be performed t o  remove 

traces o f  ant ibodies t o  non-specific human prote ins which were nat ive to  the host 

o r  which were ra i sed  against marginally non-antigenic human proteins. [Any other 
Je 

b reason f o r  t h i s  step?! $0 I 5 " p  .. 1 7 , p w Y  h, X W  pw a.+bd'ler 
tu ~+tpy - t; c rcr=Al I 0 1 5 q O 8  P 





. -  . .  
a 

The preferred method of carrying out t h i s  isolation step i s  by passing the 

a d  
host serum through an imnuno-absorbent c o l u n  loaded with normal human serum 

proteins.  The material which i s  not adsorbed on the column is  t h u s  a mixture 

containing an antibody to  a pregnancy-specific protein isolated f rom non-specific 

v antibodies,  and as such i s  now an agent capable of detecting the presence of 

pregnancy-associated proteins i n  women, i n  accordance with th i s  invention. 

is preferred that t h i s  column be loaded w i t h  s e r w d  from a l a m e  

I t  

3 

sample of males and non-pregnant females, having a l l  o f  the blood types. Females 

G t d D  
taking estrogen-based oral contraceptives should be included i n  the sample, i f  

possible. The serum of course is typica)ly collected as plasma separated from 

whole blood andByophilized or freeze-dried for  storage. This pooled serum i s  
4 Ssu* 

a l so  preferred for  injection into a host t o  produce anti-normal human serum as 

used f o r  carrying out this adsorbtion o f  non-specific antigenic human proteins 

from the original protein mixture. The anti-normal human serum can be prepared 

by any of a number of well-known serological methods. The preferred methdvis t o  

make balanced antisera which contains suf f ic ien t  antibodies to  remove a l l  of the 

non-specific antigenic proteins i n  a protein mixture. 

out imnunoadsorbtion chromotographjand fo r  preparing a 'balanced antisera i s  

described i n  k.G. Anderson, ' e t  a l ,  "Cyclic Affinity Chro&tography: Principles 

The procedure for  carrying 
\ 

. .  
. . C  

and Applications", Analytical Biochemistry 68,. 371i393 (1975), which i s  herein 

incorporated by reference. 

1 0 1 5 9 1  0 
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a 
It i s  genera l ly  des 

i so la ted  from some o r  a1 

rable that  pregnancy-sped f i c  an t i  bodies be fu r the r  

o f  the animal serum proteins. This can be accomplished 

by passing t h e  animal prote in  mixture, e i t h e r  before o r  a f t e r  pregnancy-specific 

antibodies are i s o l a t e d  from antibodies t o  non-specffic proteins, through a 

conventional column containing diethylaminoethyl ce l lu lose a beads. Such beads 

are capable of adsorbing imnunogamnaglobul i n  f r o m  the remainder o f  the animal ' s  

separated f r o m  o the r  animal antibodies by passing the antiserum through an 
&A 4 

d 25si 
lmnundsorbent co l  um loaded wi th  pregnancy-specific proteins. The pregnancy- ,,&Ai 

s p e c i f i c  ant ibodies are adsorbed thereon and can be e lu ted w i th  a so lut ion 

capable of d i ssoc ia t i ng  antigen /ant ibody c o m p s .  An example o f  such a 

so lu t i on  i s  a chaotropic 

solut ion.  Amm=mtm and sodium sa l t s  are preferred. The preferred antibody 

ion so lut ion such as a thiocyanate o r  t r ich loroacetr te  

~ m n * h > " M  \ 

* 1  

eluent  i s  a'2.5 5 sddium thiocyanate, 0.1 fi sodium:phosphate pH 7.0, 0.1% sodim 

a i d e  (bac te r ios ta t )  solution. Below 1.0 thiocyanate dcsnot give quant i ta t i  #e 

e lu t i on .  It can be read i l y  seen that  t h i s  adsorbtion/elution step i s  

capable of e f fect ing the i so la t i on  o f  pregnancy-specific antibodies from 

non-speci f ic  hunan proteins as w e l l  as from animal protein.  

l o l s q l  I 





The imunoadsorbent columns useful f o r  prepartng the agent o f  t h i s  

Invent ion can be prepared by conventional techniques. What i s  necessary i s  

' f la t  the co lum contain the desired ant ibodies o r  ant igeis i m b i l i z e d  so tha t  

they are react ive w i th  t h e i r  corresponding antigen o r  antibody. The imnunoadsorbent 

columns therefore provide both react ion contact  between antigen and antibody as 

well as separation of unreacted components which e x l t  the column as the unbound 

f rac t i on .  Such imnunoadsorbent colurms are well-known i n  the a r t  o f  serology. 

For purposes o f  i l l u s t r a t i o n ,  the fo l l ow ing  example i s  provided f o r  the preparation 

o f  an imnunoadsorbent. The method i s  su i tab le  f o r  binding any desired prote in  t o  
t 

the packing material. Those s k i l l e d  i n  the a r t  can prepare s i m i l a r l y  e f fect ive 

imnunosorbent c o l m s  by a v a r i e t y  o f  d i f f e r e n t  methods. 

Example I 

Prote in  t o  be bound ( e i t h e r  antigen, antibody, o r  non-antigenic) i s  concentrated 

i n  aqueous so lut ion t o  70 m l .  and dialyzed against the coupling buf fer  t o  provide 

a p ro te in  so lut ion i n  coupling buffer.  Coupling buffer i s  the b u f f e r  i n  which the 

b ind ing react ion u l t imate ly  occurs. Examples o f  sui table coup1 i n g  buffers are 

(g ive pH also) 

0 
20 volumes of 0.1 fi phosphate pH 6.5. 

character ist ics,)  and i s  ava i lab le from 

[Is there any non-traQnarked mater ia l  which c o ~ l d  be used?] 

Sepharase 4B- i s  (chemical formula, physical 

[Is there anything c r i t i c a l  about the form o f  Sepharase 48?] 

The washed Sepharase i s  mixed wi th  an equal volume o f  coupling b u f f e r  i n  a 400 ml. 

a . a  

beaker with magnetic S t i r r e r ,  and i n  an i c e  bath t o  f o n  a s lur ry .  The s l u r r y  w x  



t i t r a t ed  to  a pH of 11.5 w i t h  6M NaOH. 

cyanogen bromide (0.3 g/ml. Sephamse) and the pH was maintained a t  11.5 with 

NaOH and the temperature was maintained a t  about  2 O O C .  

the cyanogen bromide reacts w i t h  the Sepharrse t o  cause activation. The reaction 

The the cooled s lur ry  i s  added 21 g. of 

C 

Under these conditions 

0 

was allowed to proceed until  no more decrease i n  pH was noted, t o  ensure the end 

of the act ivat ion.  The activated s lurry was washed with 4 O C  coupling buffer on a 

coarse Buchner Funnel. T h i s  washing must proceed within 2 minutes from the 

. .  , .  , -  I r ..- .- completion of activation. Why? - ruLtj - : - - - -  e- &-. 

i' .-9 .:.. . I  ; . : - a  9 I _. 
c .,' ,... L L  - - . .  

The washed CnBr-activated Sepharese 48 was mixed w i t h  the solution of protein 

to be bound and the mixture is slowly tumbled overnight a t  4 O C .  Additional 

mixing ( i .e .  over 24 hrs.) would normally provide more extensive attach- 

After mixing, the unbound protein is washed off  i n  coupling buffer 

(0.1 M6.5 pH phosphate) and washing is continued u n t  

absorbance is detected i n  the wash water. After t h i s  
8 

1 no background 

washing, the 

loaded Sephame  is tumbled in 1M ethanolanine pH 10 for 2 hours 

to load any remainjig bite's. on the resin. 

w i t h  

I 1  

The  ethanolamine i s  washed off 

and the loaded Sepha&e i s  wq.shed al ternately w i t h  0.10 E 

sodium acetate ,  pH 4 ,  0.1% sodium Q2ide to  prevent bacterial  growth, 1.0 

sodiun chloride,  9.1 E sodium borate  pH 8.5, 0.1% sodium azide and 1.0 E 

sodium chloride. An additional wash with 0.11 glycine NaOH (pH 11.0) can also 
b 

r.:VtlrC 
be included. Thevpurposcof thcse washing s teps  + S o r t  ; 

i i 3 1 5 c i i 4  -13- 
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? S t  

The protein-loaded Sepharese is  f ina l ly  washed with 2.0E sodium thiocyanate, 

0.06 sodium phosphate, pH 7.0 and 0.1% sodium azide, followed by 0 . lE  sodium 

phosphate pH 7.0 and 0.1% sodium wide until  background absorbance i s  obtained. 

The protein is now firmly bound t o  the Sephamse to  provide an imnunosorbent 

particle ready for  use a s  column packing. 

The pregnancy detection method of this invention comprises contacting serum 

from the pat ient  w i t h  antibodies t o  pregnancy-specific proteins isolated from 

non-specific antibodies. Since the existence of the antigenic pregnancy 

spectfic-proteins has herein been demonstrated, the source o f  the protein i s  

not an essent ia l  feature of the pregnancy tes t .  The desired antibodies can 

be prepared by the methods disclosed herein, o r  i t  i s  conceiveable tha t  a t  

leas4 one of tho pregnancy-specific proteins can be identified and synthesized, 

thereby avoiding the necessity of separating the pregnancy-specific protein 

from antigenic non-specific human proteins. The synthetic protein could then 

be used d i rec t ly  t o  ra ise  antibodies useful fo r  detecting pregnancy. 
\ 

A l l  tha t  i s  necessary for  this pregnancy detection method i s  t ha t  serum 

from a pat ient  be cokac te i ,wi th  an antibody raised a g a i n 3  a pregnancy-specific 
. .  

protein and the results observed to  detect  signs-of antibody/antigen reaction. 

The occurrence of the reaction of course, indicates pregnancy. 

appreciated that  any of the several methods for  detecting antigenfantibody react ion 

IS sui table  for detecting pregnancy according to  my method. 

I t  can be readily 

Examples of such mx!-?\ 
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1 munoe 1 ec trophoresi s , and imnunod i f fus ion. 

The primary u t i l i t y  of the pregnancy detect ion method o f  t h i s  invent ion i s  

f o r  de tec t i ng  pregnancy w i t h i n  about 2 months o f  conception. A f t e r  2 months, 

pregnancy i s  r e l i a b l y  detectable by well-known external symptoms. The method 

o f  t h i s  invent ion i s  p a r t i c u l a r l y  useful f o r  detect ing pregnancy w i t h i n  one month 

o f  conception, when other tests  are inconclusive. 

e f f e c t i v e  w i t h i n  one week o f  conception. 

I t  i s  l i k e l y  t h a t  i t  w i l l  prove 

In  order t o  demonstrate a prefer red method f o r  preparing the pregnancy 

detect ion agent o f  t h i s  invention and the o p e r a b i l i t y  o f  the agent f o r  detect ing 

pregnancy, a deta i led example i s  presented. I t  w i l l  be apparent t h a t  substant ia l  

v a r i a t i o n  from the  procedures described there in  can be made without depart ing from 

the s p i r i t  and scope o f  the invention. 

Example 

Preparation of crude placental ex t rac t  . Term placentas were obtained a t  

d e l i v e r y  and c h i l l e d  i n  0.85% sodium chlor ide so lut ion f o r  preservation. The 

placentas were washed for 1 hr. i n  tap water t o  remove a maximum o f  blood 

elements and serun proteins. While the mother's o r  in fant 's  serum would l i k e l y  

contain traces of pregnancy-specific proteins, the placenta contains substant ia l  1y 

more o f  those proteins. Fat was c u t  away since i t  i s  superfluous and non-anti7entc. 

and the placentas were cut j n t o  pieces about 1 cm on'a side and frozen. Subsc- 

quently, the frozen material was homogenized i n  three volumes o f  0.1 M, pH 7 ,  

phosphate buffer. The homogenate was centr i fuged a t  17,000 x g (accelerat ion o f  

I I  

. .  - . -  - 

grav i t y )  for  10 min. i n  an angle-head centr i fuge, the supernatant was col lected. 

and the p e l l e t  was rehomogenized i n  two volumes o f  the same buffer, and a second 

B cen t r l f uga t lon  a t  17,000 x g fo r  10 min. was done. The proteins of i n te res t  -' ' 1 '  

I O l U  I b 
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p r e c i p i t a t e d  from 

to  55% saturat ion 

the pooled supernatants by adding s o l i d  amnoniun sulfate w e  

and separated by centr i fugat ion.  Some of the unprecipitated 
4: f ,  

prote ins have since been shown to be pregnancy-specific and can also be recovered 

i f  desired. 

amount o f  0.1 E, pH 7, phosphate buffer containing 0.1% sodium azide, and the 

so lu t i on  was dialyzed against t h i s  same buffer, using viscose d ia l ys i s  tubing 

such as i s  so ld by Union Carbide Corporation. Any mater ia l  t ha t  prec ip i ta ted 

was removed by centr i fugat ion.  The p rec ip i t a te  was mostly large macromolecules 

Following centr i fugat ion,  the mater ia l  was dissolved i n  a minimal 

j represent ing the  connective t issue of the placenta. Any s e r u m  proteins l e f t  

i n  the  so lut ion were removed by cyc l ing i t  over an imnunoadsorbent colunm loaded 

wi th anti-normal human serun. The cyc l ing was ca r r i ed  out  automatically by an 

apparatus as disclosed i n  Anderson, e t  al., Analy t ica l  Biochemistry a, 159-174 

conta in ing a t  l e a s t  20 d i f ferent  pro,teinr, as judged by gel electrophoresis. The 

\ 

s o l u t i o n  could no t  be concentrated beyond 20 AZa0 un i t s -pe r  m l  without undesired 

p r e c i p i t a t i o n  occurr ing on i t o rage ,  especial ly 'on f reez ing  and thawing. An 

the  quan t i t y  of p m t e i n  per m l  of water or buffer g i v ing  an absorbance o f  1 a t  

I 1  

u n i t  i s  

280 mn i n  a c e l l  with a l i g h t  path of 1 cm- AppaEntly, the bulk o f  the m a t e r i a l  t n a t  

p r e c i p i t a t e d  was placental  t issue proteins, mostly ac id  i n  nature. I f  desired, t h i s  

mater ia l  could be 

b 

separated I n t o  several subfractions by chromatography over 

-1 6- 



dlethylaminoethyl cellulose.  Though not essential  t o  the operabi l i ty  of the 

process, some separations o f  placental t issue proteins tha t  appear i n  the serum 

from those tha t  do not could be effected to  provide a more concentrated agent. 

Only 10 t o  15 o f  the proteins i n  the mixture have proved to be suf f ic ien t ly  

antigenic t o  reuslt i n  detectable antibody production t o  them. 
h sa/? 

I t  is l ike ly  

possfble to modify the extraction procedure ( for  example, mill acid extraction 

of diced placenta, e.g., w i t h  0.1 perchlor ichid,  without hcmgenitation) i n  
+I 

order to minimize the extraction of proteins tha t  do not appear i n  the plasma; 

however, this is unnecessary for  the operabili ty of the detection method. 

The placental extracts ,  minus non-specific serum proteins but  s t i l l  containing 

the relat ively non-anti genic tissue proteins mentioned, were concentrated to  about 

15 units  per ml fo r  injection purposes. An estimate of the antigen content 

was 0.1 t o  1 mg/ml, based on intensi ty  of reaction in imnunodiffusion. The 

ex t rac t  w a s  mixed w i t h  equal volume o f  Freund's complete adjuvant, and the 

preparation was injected subcutaneously into goats and rabbits,  e i t he r  i n  the hips 

or behind the neck (4 m l  for goats, 1 m l  fo r  rabbits) .  Freund's complete adjuvant 

I s  commercially available from b l m  Labo ator ies  (Do you know the dd-ress?) 

and contains sterile l igh t  mineral o i l  p l u s  emulsifier and heat k i l led  Myclobacterium 

u c ,  Bur +. &Q 4- 6- ry -z  ;a k;r;/.jy d j - i r j ; ,  

+v* ly s,w**.l q!+ +/;+s, r A* he - 

I I  

- * .  butyricum (0.5 mg. dry weight per ml). . . -  
Intravenous injection should normally be avoided due t o  the 

of  anaphylastic shock and sudden death o f  the host. Thereafter, 

o f  extract  without adjuvant were injected subcutaneously a t  week 

increased 1 ikel ihood 

the same amunts 

y intervals .  Every 

fourth week, Injection was done w i t h  antigen plus adjuvant. First b leeding  was a t  

5 weeks (40 m l  fo r  rabbits and 150 rnl for goats) and was biweekly thereaf ter  t o  



test for  antibody production. High-titer antiserum was obtained, ususally i n  

about 7 t o  8 months. The  antiserum was absorbed on a conventional imnuno- 

&sorbent colum loaded with lyophilized, pooled serum obtained from normal 

human males (100 mg/ml of antiserum) to  remove non-spexific antibodies. The 

unbound fraction contained pregnancy-specific antibodies and normal animal 

protein, isolated from antibodies t o  non-specific human protein. I f  desired, 

l.e., fo r  comnercial preparation, the bulk of the animal protein can be removed 

by OEAE cellulose chromatography, i n  which the unbound fraction can be passed 

through a DEAE cellulose colunm whereby the antibodies load the colunn and the d 

bulk animal protein passes through.  

6el precipitation was used to  test the antiserun-to-placentatantigens for  the 

presence of antigens that  appeared i n  the sera of pregnant wmen. The antiserum was 

first tes ted against sera from women i n  the third tr imester of pregnancy. Tests 

against  the s4ra from three d i f fe ren t  w m n  i n  their f irst  pregnancy, three women i n  

thelr second m w c y ,  and three women i n  their th i rd  pregnancy showed positive 

k ; ,  
4% - VL- 

reactions within 5 hours w i t h  2 t o  4 bands c lear ly  visible a f t e r  40 hours. The 

control for  al l  three plates was from a 28 year old woman who had had one 

successful pregnancy 5 years previously, and who since .that time had been taking 

an estrogen-based bfrth control p i l l .  

\ 

I 1  

No reaction$as b t e d  a t  any t im  w i t h  

the control. 

The  antiserum gave negative t e s t s  against a succession of batches of poo:ed 

normal human male sera. I t  was posit ive against a l l  of a se r ies  of 40 samples of  

third-trimester pregnancy sera. I t  was negative' against the sera of ten non- 

pregnant women, including those previously pregnant. O f  four cases tested,  no 

1 0 1 5 9 1 9  
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react ion has been shown w i th  sera from women tak ing estrogen-related contra- 

ceptives. 

be valuable f o r  a pregnancy t e a t ,  several runs were made on sera fmm women who 

suspected pregnancy. A serum sample was obtained f r o m  a 29 year-old woman 6 days 

a f t e r  she had f a i l e d  t o  begin her menstrual period. A good estimate of the time 

durat ion since conception was 18 t o  22 days. A serum sample was obtained f r o m  a 

I n  order t o  demonstrate the detect ion of pregnancy ea r l y  enough t o  

25 year-old woman 10 days af ter  she had f a i l e d  to  begin he r  menstrual period, 

g i v i n g  a time durat ion of 22 t o  26 days since conception. The samples were 

tested by double d i f fus ion against antiserum t o  p lacenta l  antigens. Placental 

e x t r a c t  and serum from a woman i n  the t h i r d  t r imes te r  of her t h f r d  pregnancy were 

used as reference. 

A f t e r  16 hr. one sharp band and one f a i n t  band o f  p rec ip i t a t i on  were observed 

i n  both samples, and the two bands merged o r  showed i d e n t i t y  w i th  bands from both 

p lacenta l  e x t r a c t  and the th i rd- t r imester  pregnancy serum sample. For both * 
samples, a w p t t f n  band could be observed as e a r l y  as 1 hr. a f te r  the s t a r t  

-.I 

inmunodiffusion. Three p r e c i p i t i n  bands were observed f o r  the second sample w 

of 

t h i n  

24 hr. a f t e r  loading. Improved imnynodiffusion techniques would l i k e l y  permit  a 

dec is ion on pregnancy on the'same day the blood sample i s  withdrawn. 
I 1  

Another e a r l y  pregnancy serum sample, taken - .  a! 28 t o  - 32 days a f te r  conception, 

was tested against the antiserum and gave two p r e c i p i t i n  bands w i th in  16 hr. 

Pregnancy was confirmed a t  8 weeks of gestation by rou t i ne  examination f o r  a l l  t h r t c  

o f  the women. The human placenta1 antigen preparation gave a t  l eas t  ten d i s t i n g -  

uishable p r e c i p i t i n  bands wi th  the antiserum. The p r e c i p i t i n  bands that  are the 

, . .  
strongest f o r  very ea r l y  pregnancy samples show i d e n t i t y  w i th  the weakest bands fm 



samples from third-trimester pregnancies. This indicates that the antigens 

dur ing  gestation. I t  i s  possible t h a t  some early appearing antigens may not  be 

detectdble i n  the second and t h i r d  trimester. 

While the particular pregnancy-specific antigenic proteins u t i l i z e d  for this 

invention have not yet been characterized, their identification is  not  essential 

t o  manufacturing the agent of this invention or t o  performing the pregnancy test 

of  this invention. 

Recent advances I n  cancer research have intimated that certain proteins 

present i n  pregnancy-associated material such as placentas, are re-expressed i n  

the early stages of cancer. Th i s  is  consistent t o  the idea that the formation 

o f  the fetus i s  physiologically similar to the formation of tumor cells i n  

cancer patients. For a description of the observed relationship between fetal 

and placental proteins seer for example, Ruoslahti, e t  a l ,  Int. J. Cancer: L. 

218-225 (1971), fhmpson, e t  a l ,  Medical Sciences 64, 164-6 (1969), Gold, Prog. 

Exp. Tumor Res. 14: 43-58, and Am. Assn. Cancer Res. Abstracts 490, 568, 584, 

842 (1974). Accordingly, a possible ut i l i ty  for the pregnancy detection agent 

o f  this invention issthe ear+y detection of a t  least some forms of cancer. 

I 1  

a 



What I s  claimed is: 

1. A pregancy detection agent comprising antibodies t o  a pregnancy-specific 

protein isolated from non-specific antibodies and prepared by the method comprising: 

a )  f i r s t  providing a m i x t u r e  of proteins occurring In pregnancy-associated 

material and containing an antigenic pregnancy-specific protein; 

b) isolat ing said ant i  genic-pregnancy-spec1 f i c  protein from non-sped f i  c 

an ti genic proteins; 

c) innoculating a host animal w i t h  said isolated pregnancy-specific antigenic 

protein t o  cause said host animal to raise  antibodies t o  said pregnancy-specific 

antigenic protein; 

d) harvesting serum proteins from said innoculated host animal ; and 

d) Isolating antibodies t o  said pregnancy-specific proteins from antibodies 

t o  non-specific human proteins. 

2. The agent o f  claim 1 i n  which  said proteins occurring i n  pregnancy- 

associated material arc recovered from placentas. 

3. The agent of claim 1 wherein said method further comprises isolating 

antibodies t o  said pregnancy-specific proteins from non-antibody host animal 

serum proteins. \ 

I 1  

4. A nethod fo r  detecting the existence of pregnancy i n  humans comprising 

contacting serum 

protein isolated 

antigen reaction 

pregnancy. 

or  urine from a patient w i t h  an antibody t o  a pregnancy-specific 

from non-specific antibodies; and observing whether an antibody/ 

occurs, the occurrence of sald reaction being indicative of 



P 

5. The method of claim 4 wherein said serum o r  urine i s  withdrawn from 

said pa t ien t  within about two months of conception. 

6. The method of calim 4 wherein said serum o r  urine i s  withdrawn from 

sa id  pat ient  within about one month of conception. 

7. A method o f  detecting the existence o f  pregnancy i n  humans comprising 

contacting serum o r  urine from a pat ient  w i t h  the agent o f  claim 1 and observing 

whether an antibodylantigen reaction occurs, the occurrence o f  said reaction 

being indicat ive o f  pregnancy. 

8. The method of claim 7 wherein said serum i s  withdrawn from said pat ient  

w i t h i n  about two months of conception. 

9. The method of claim 7 wherein said serum i s  withdrawn from said pat ient  

w i t h i n  about. one month of conception. 

10. The method of claim 7 wherein said proteins occurring i n  pregnancy- 

associated material are recovered from placentas. , 

.. 
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Enzymes i rnmo billzed 
on inorganic carriers 
Reuse of enzymes is possible if they are attached 
to water-insoluble matrices. Covalent attachment to inorgan 'i c . 
carriers improves structural and operational stability 
as well as boosting resistance to microbial attack . '\ 

. 
by Howard H. Weetall 
Rtscarch and Development Laboratories. Corning Glass\Works 

, 



5lrou.n in Fig. 3. Alllirwgh otlicr appriuchrs wcrc 
tricd. thcy w r e  not studkd in ilctiii l. l ly  utilizing 
other silmcs. howcvcr. onc wiild couplc cnzymc% by 
any desired i i i c t h d .  

Thc cnz! iiic5 insolubilizcd on pororir glass were 
ch;iractcri7ctl b y  cl;rs%ical nicthods for paranctcts 
such as ptl profile. kincticr and ;(Etivation cncrgy. 

pH profiles differ 
Every cnzynic shows optimal activity at sonic pH 

value. Enzymca insoliihilizcd on inorganic carr icn 
also g i *c  ni;ixinial activity at sonic pH v;tluc.. HOW- 
ever. the prolilcs for thc sohihlc and insoluble cn/.ynics . 

' were got a l u a y s  the sanic. Figures 4 and 5 show the 
pH profiles of two protcin hydrolyzing ciizymca. No- 
tice the diRcrencc hcrwccn thc native and insoluhil- 
izcd cnzynics in Fig. 4. In the casc of the pcpsin. 
however. J difference in figurcs is noted only hctwcen 

. 
a crudc native and crude insoliihilizcd derivntivc. HOW 
can thew Jiffcrcncen hs crplaitrcd? 

Ephrium );atchelski has shown that when an en- 
zymc is coviilently attached to a charged matrix. a 
microcnvironnicnt is crcetcd. A cha rpd  nietria can 
rccumulare oppositely charged ions causing a conccn- 
tr;ition uf thew ions at the carricr'q surfate. l ! + t h e  
p l ~ t ~ ~ ~ ' ~ i ~ ~ ~ n t ~ r o ~ b ~ i ~ l h c  
external sohition. Thc pH drif t  ohscrved with the 
G 6 t ; l n p a i n  i s  an excellent example of thio 
phenomenon. Although the catcrnal pH is 7.0. the 
microcnvironmcnt of the enzyme is at 6.0. the optimal 
pH for the cnzyme. 

The pcpsin situation is probrhly similar except that 
the okrvcd  dillcrcncc bctwcen thc insoliihilizcd 
crude cnzyme and the soluble material i s  niont likcly 
due to thc iitlachcd nonenzynintic niatcrial which 

. creates a niictocnvironmcnt unlike that in which the 
inwluhilizcd crystalline cnzyine is found. The glass 
coniplicales chc picture even more hccauw 01 thc 
.prcscnse of both free iuiiinc groups and silanol rcsi-' 
dum. Thc amiiicr. however. near neutral p H  values 
wil l  not be protonatcd. AI-. mnny u i l t  hc coupled to 

' the enzymes. I p v i n c  rn- no1 residues havinka 
ne a t i vccharp  (Fig. 6).  

>%he clle7t o m r y l n p  carriers i s  graphically illus- 

' 

trated hy comparing a maleic anhydride-ethylene CO- 
polymerized alkaline phmphator r i lh thc same rn- 
tyme inaolubilized on dru (Pig. 7). The mnlcic 

Fig. 1. Schematic reprekntation of reaction Lc 
porous glass and t-amiiiaFNopyltrirthoxysilane. 

.tween 

en1i)driilc copolyiiicr 4 i o ~ \ s  a pl I rll-liinlini o n  thc ackl 
sidc of thc n;ilivc cii1)tric. while llir gI,is$ s h o w  ;I 
I.irFc shift to thc alk;lliiic region. l h c  c l l ~ t  a carrier 
liar on tlic ;iliparcnt pl-l optinrtini of an enzyme , 
siippc\ts thc powhi l i ly  ol  I.iiloriiig ;I c,iiric.r zpccificd- 
ly t o  permit an cniynic to opcr.itc c.lliuicntly at an 
apparcnf pH not op!iiii.d for that cnrymr. 'This nja: 
h:ivc applicahility i n  a varictp c.C nrcm uhcrc thc 
ciizynic cannot prcsciilly he u t i l i ~cd .  I i iwluhi l izcd cn- 
zyiiics may also be capable of opcr:iting i n  thc prer- 
encc of rclatively high conccntritions of organic sol- 

\, 
\ -CHa -CHI 

-CH; -CH2 SH 

- c ~ z e o Q  . -CHzNHC @ NHg 

-CH2CI 
fig. 2. Functional groups available on silane coupling 
agents. Thew functional groubs or derivatives prepared 
from these groups can be covalently attached to erirymes 
by most known coupling methods. 

9 -  

1 

Cubodiimide 

0 
-O-S-aC,CWaWl+ c 4m.4 no-c-rn~ruc 

a 

- 0  
tt 

Thiourea 
I .. c- W' P .  ? '  'I E &  - 

-O-Si-gaC~CM,wWl CICC~-.O-¶I-CU,CM~O(~((CI 11) 

d 0 2w 
, .  

-O-syzcnlcn,Mct + wa - E~IZYYE " I21 

!'..( 

d 0 ' M  

4 9-~-DI*Cn*CnlMH:QI,.l, 

0 CHZVYC 

Fig. 3. Meltrods frost commonly cmployd for prcparing 
enzynss covalriilly coiiplcd lo inorcairic carriers. 
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&cuiar nicthod usrcl may alfcct Ihe 
iIcbvtiyof Ilir? ir1irnobilcrcrI product The 
sbnh-st nir!linct is ;idsory)tion mlo the 
Wnos supr,nri+ in a singlr '-1. 11 reaction 
i&+tvtng tiyc!rncj>ri and iotiic lmnding. 
1~ tccliniciite works wiill exceot where 

1g at the acti'ic? site oti a biologically 
protsln molecicte is involved. 

lo the Siipwrls. 
coupling melhod 

ctiofis with the 
upling methods 

.and thiourea linkage. Several 

the number of 
Iable is limited 
of the researcher. 

carried out wilh 

led procedures for preparing 
rid for coupling are 

I 
t 

&mica I coil piing 

(This reaction can lir .tin in an nwlic O i  
nciili:tl sol\ilirrnl. I'lac.? i + ~ x I t i  111 nhi\l*iic 
I - .  > v:icitiirn ,I~wcx.'IIi:i nntl cvac\i:1Ii! 
v d t ~  ;ti1 . I , .  ' : * , s i  to reiiiove ivr aiwl y x i  
lj1114~l0s l i t  -111 1 1 1 ~  pci-s Allcrw 1111- rt-xlion 
to lirocq-vl tor npliroxmintr4y 30 intiirili?s 
at rcthimd prr*s'.i tir! and ronm t,-tiiocra- 
ttiri:. tlicn conlinur! nt altimsnli~vic 
pressure for 30 lo 00 miniitcs 1 Ire 
gl~itnraltlchyclc snliilion I!; tlec'aiiti~d nrrd 
the glass wasliccl at Irasl I I i t c ~  1iim-s with 
walcr. Thq matci iiil IS iiow ready lor the 
protciir cowlii>g ztco 

Tho couplinQ is i~sunlly done in an ice 
biilti, but can becarried out nt airy 
ternpcratiire a1 which Ihe active protein 
is stable. A prolciii solution in sutlnble 
bulfcr is added In the  lass derivalive so 
ttial the liauid just covcrs the glass. 
Gene& 50 to 100 mg of protcin per y 
of Qas.isXWRlWEUffItic%t for 
coiiplirig. The mixturc is slurried and 
evacuated for approximately 30 minutes. 
then continued at atmospheric prcssuro 
for another 30 minutes. The product IS 
washed threc times with distillcd water 
or buller and thcn stored under buffer 
or as a wet cake in the refrigerator. 

2. Aromatic Amine Inlermediate. Diazoti- 
zalioo, and Azo Coupling 

0 

E 
+ -  NINO 0 

---LG-hln-c--#N, CI -. nci 
0 

To one g 01 the GAO glass add 10 ml 10 to 50 mg of aclivc protein per 
I 

bling ' ' . le  decanted and thc glass washed thrne times 
~ ~ ? ~ ~ ; e d  with chlnrolnrm. The glass can t)c air 

dried or healed tor 30 niiiiules at 80* C 
to rcinove the chloroform. 

Thc nilraled qlass is  reduced by adding 
10 tnl of a 1% awicous soditim ciithioni:e 
solution and refliixinn for 30 lo fi0 minutes. 
The reaction soliittori is dccanlcd and 

Ilirec! liincs with watts. 
The aiyl aminn cjlass is diazotized by 

adding 10 ml 01 ?N I IC1 to the glas; and 
cooliiiq tho rcnctinn inixltirc in an ice 
batli. 1 o lhis mixtiire is arlded 0.25 g of 
sodium tiitrito; thcn the icacticn mixture 
is evncuatud for pproxinialcly 30 mintites 
to rcmovc air and rms bihblcs lroin tho 
p v ' ~  Tt in  r~nc l ion iirodiict is rlI-caii\rvf 
aiicl wa;hcrl wi!Ii cnlCl w : r x  a 1% ?o11ifioQ 
of cold sutldnitc acid, Rnd twc t w r c  
times with cold wilcr. 

prrwiit hy ; i~ I i t i t ic1  3 suliiliwi coitt:iit?,lv) 
501f) IOIliriy at,tivc ~ i ~ i ~ I ~ . : t c i  ii- :;itll!( s*.:nt 

rs. The 

NaCl soIullon, aM.aeveral 

prodocl i8 
lmrS with watCr lo kosdy ,,.er solulion room.mmmra- thc aromatic amine Product washed 

lurljuntil used. 
d 

1 Iw  c ~ ~ . t m i i i i t c l  IM r*iliict i-. cminli.vl *.vlt l i  

;ri' 

0 
0 0 

+ ci-Nn-c-cn,-cn, -c-ci% S o t l ,  
-, 

8 0 
G-NII -C-Cl(,-CH, -C-  Nt i -E  

To ??el ofj,he GAQ, amine glass add 
m1.Zf-a 1% aquc~~!ssuccjn jc_~~iydrtdc 

solution and adjust thc-plH. 01 the rcaction 
mixture to 6 with soditim hydro_xide. 
h I a i n t a i n ~ l ~ t ? r ~ ~ l 6 d ~ ~ ~ 6 ~ f u n t i I  no 
ft i t tlicr adjiistmcnt is needed. then allow 
an additional Iiotir 01 rcaction time a l  room 
temperature. Wash exhausttvely with 
water. ~ W D  b p u d  

7 0  the carboxyl glass add 10 ml of a 
10% solution of Ihioiiyl chloride in dry 
chloiolorm and reflux for four hours. 
Decant !he reaction soliilion and wash 
the glass three timcs wilh chlorolorm. 3ry 
lhe product for 30 minutes in a vacuum 
Oven and us0 for coupling shortly after 
drying. 

Tltc acid chloridc product is coupled 
wilh protein by adding a solution 
ccnlaining 50 lo 100 mg active prolein In 
sufficient pH 8-9 buffer to cover the glass. 
Maictniii the pH with sodium hydroxidc 
for auproximately 60 m:iiutes. t'icn decant 
and wash at least three limcs with water. 
Thr: immobilized protein can be stored 
undcr buyfer or as a wet cake in the 
rclrigcrator. 

4 lsolhiocyannle In!errnediato and 
Tliiouros Coupling C b , t *  

s E 
G-NH,+ Ct-C.-CI *C-NCS- 

s 
C-NH. C N1i;E -- To,png!of 1 the GAO arntnc glass add 

_._---- 50 rnl of a m s o l u t i o n  o f _ t U h ~ ~ g c a c r  
1n-a- and rslliix lor hritr hours.' 
Drcanl iiiid ~i * t i  ttm fthrcf limes 
will1 p o i o i o ~ t x o r i a i c t  l o a  
rntniilc!s in a vaciiiirn ovcii and us9 lor 
coiiplirig shorlly aflcr drying. 

with pxi!cirt by addinq a sol~iticm con- 
tainity 59 t r i  100 mq pc!ivc prnlmn tn 
SuI!iCir)?l pl 1 ?)-lOb~iIli*r toCcv(~i Ihr: 
J& Pliicc the rendion mixlurn in a 
v&i:iiiiin dcsiccalor niirl rvacu:,I? v ~ I I I ~  an 
avtii:!lnr toic!tnovo air : i i i * t  q:i' l~111:l+Ics. 
Al!cw 11ic r r ; i i , t u )  1') l!i(b<;f!i!:l 1 ,  SI OU, I /  

The csothiocyanatr prorliict i s  cniiplad 

I i l I t ~ I i l i ' ~  at icd~tc~cl  t ) i t w l M f ? g c I  
F 

f 









I 

I f  ,, 





. - -- v 







I 

!' 

~. 
3 



1 0 1 5 9 4  i 




