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REQUEST 

I 

son, 

FOR 

I 

707815 
UNITED STATES 

ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P.O. BOX E AREA CODE 615 

CONTRACT ACTION 

I t  i s  requested t h a t  you take the ndcessary steps. t o  process the following 
described contract  action ( C A ) :  

1. 

2 .  

3.  

4. 

5. 

6. 

. 

Nature of Action Requested: 

[ Xg Selection o f  New Contractor and/or Negotiation of Contract 
Number : AT-( 40-1 )-4002 
Ccntractor: Texas Tachnolocjt cal College 

[ j Modification of Contract 
Number: 
Contractor: 

Nature of Services To Be Covered by Contract: 

T i t l e :  "The Effects o f  X-Irradiation on the Liman Testis: An 

Type of Contract: 
[ X&! Support Agreement [ 3 Cost Type [ 3 Other 

Research 

Electron HI  croscop~c Cytochemical Study" 

Amount o f  AEC Funds To Be Obligated by This CA: $24,409.00 

AEC Percentage o f  Est. Total Cost To Be Shown by This CA: 73% 

Description o f  Other Changes To Be Covered by This CA: 
New contract t o  provide for t h e  performance of research to be completed 
during the period Mvsaber 15, 1959 - tiovcnber 14, 1370. 
ceJIjng will be as indicated I n  I t ens  4 and 5 above. T i t l e  t o  equfpmnt 
shall vest I n  the contractor under authorfty o f  the AEC Act o f  1554 
slnce the contractor's contrtbutjon Os expected t o  equal or exceed the 
value of the cqulpent. The project w f f l  be under the direction of 
Dr. Jerry D. BerlSn. 
Authority: 

AEC support 

form AEC-487 (Cont. Authr.) from 3. R.d$&imh lCaf-Szl/l 
PIovemLer 4, 19G9. 'Herman M. Roth, Director OLE: 3m Laboratory and University Division - 1  

." 
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TEXAS TECHNOLOGICAL COLLEGE - 
AP P END I X "A" 

CONTRACT NO. AT-(40-1)-4002 

For the Contract Period November 15, 1969, through November 14,  1970. 

A - I  RESEARCH TO BE PERFORMED BY CONTRACTOR 

The Contractor w i  11 conduct microscopic (electron)  and cytochemi cal studies 
on biopsied tissues from normal human t e s t e s  which have received x-irradiation 
a t  doses of 200 rad and 600 rad. Samples will be obtained from a few 
minutes t o  several months af ter  i r r ad ia t ion  t o  define the enzymic local izat ions 
t h a t  take place during a number of phases , i .e. , spermatogonial degeneration, 
and the recovery processes when the seminiferous tubules are repopulated with 
the spermatogeni c cell series. Effects o f  i r radi  a t i  on on s t ruc tu re  and 
func t ion  wi l l  be a principal consideration. 

The Principal Invest igator  expects t o  devote approximately 20% of time 
f a r  nine months and 100% o f  time for 1 1/2 months t o  the work. ._ 

A-I1 WAYS AND MEANS OF PERFORMANCE 

( a )  Items Included i n  Total Estimated Cost: 

(1) Sa lar ies  and Wages: 

Dr. Je r ry  Berlin, Principal Invest igator  
2 Graduate Students 

(2)  Fri nqe Benefits : 

(3) 

(4) Equipment:  

Suppl ies and Materi a1 s : 

U1 trami crotome and L i g h t  Microscope 

(5) Communi cat ions : 

( 6 )  Pub1 i cation Costs : 

(7) Travel: 

(8) 

(9) 

Electron Mi croscope Servi ce Contract: 

Ind i rec t  Charges (36.74% o f  Salar ies  and Wages): 

$1 2 ,350.00 

593.00 

3,038.00 

10,000.00 

50.00 

400.00 

1,000.00 

1,600.00 

4,538.00 

C.__.__._..__ ".- -.< - CI ---,. -. 
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CONTRACT NO. AT- (40-1 )-4002 -2- 
* . Q  

TEXAS TECHNOLOGICAL COLLEGE 
. .  . .  

. .  

. .  
: 

(b) Items Signif icant  t o  the Performance o f  T h i s  Contract, 
B u t  Excluded From Computation o f  Total Cost and From 
Consideration i n  Proportioning Costs : 

None 
. 

( c )  Time o r  Effor t  o f  Principal Invest isator  t o  be Contributed 
by Contractor: 

Cone under this paragraph 

A-I11 The to ta l  estimated cost  o f  items under A-I1 (a)  above fo r  the 
contract  period s t a t ed  i n  t h i s  Appendix "A" i s  $33,569.00; the 
Commission will  pay 73% o f  the  actual costs  of these items in- 
curred during the contract  perioa s ta ted  i n  this Appendix "A", 
subject t o  the provisions of Art ic le  I11 and Article B-XXVII. 
The estimated AEC s u p p o r t  cost  f o r  the contract period s ta ted 
i n  this Appendix "A" i s  $24,409.00. 

. .  

. .  
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ALCPR *-1.1)1 1. DATE 
U .  5.  ATOMIC ENERGY COMMISSION 

CONTRACT AUTHORIZATION 4 'b 
2. AUfHORIZATlOW 

NO. . -  
=7&244 ' 

JerrpD,  Berlin 

, a.*.TO S, R, Sapirh, 
Qak Ridge OperatLon8 Office 

&A. CONTRACTOR fN8mt. I l l r r r r ,  DtFmtrn-1, rtc.) 

1.0. FROM John B. Totter, 'Director 
DivLsLon of Biology and Medicine 

4.8. PRINCtPAL INVESTIGATOR ( 5 )  

., 0 AEC 
Work to be performed is under c a t e g o r y L  
as defined by AEC Manual Appendix 3401. 

0 FIXED PRICE 0 OTHER 

0 COST REIMBURSEMENT 
CONTRACTOR 

Ip SPECIAL RESEARCH SUPPORT AGREEMENT (SRSA) 

11. PROJECT TITLE X - ~ ~ ~ ~  Obl T B T B :  ELBCTBM 

6. 6. TERM OF CONTRACT 

NEW CONTRACT 0 RENEWAL 0 OTHER 1 Os cmtrac:J 
8. RECOMMENDED TYPE OF CONTRACT: 0. EQUIPMENT TITLE TO VEST IN: 

MICROSCOPIC W a L  STUDY 

R a n k  T. Brooks 
12. HEADOUARTERS TECHNICAL CONTACT 

13. FINANCING 

A. OPERATING EXPENSES 

$ 24,409 New AEC Funds ................................................... 
Estimated AEC Balance From Prior Term, if any ................................ $ 

Estimated Contractor Contribution, On Proportionate Sharing Basis, if any . . . . . . . . . . . . . . . .  $ 

Estimated Project Cost, For Pertinent Budget Period. ............................. $ 

Budget and Reporting Classification: 

Allotment Transfer: 06 01 91C24) 

Budget and Reporting Classification:. 
Allotment Transfer. 

............................................................ 24,409 
* 

05 01 01 

B. PLANT AND CAPITAL EQUIPMENT .................................. .$ 

ld. SPECIAL PROVISIONS AND INSTRUCTIONS: 

The tcchnical aspects of the proposed work have been reviewed and are approved. A need currently exists for the results of the research or 0th- 
work that is ro be undertaken. None of the AEC funds shall be used to confer a fellowship. 
Piease keep  US informed as  to any problems encountered in your ncgotiarions, as well as the date of execution of this contract and the amount of 
funds obligated. If the budget as negotiated differs substantially from that in the proposal, please forward a copy of the revised budget to Head- 
quarters. 
If not already sulmitted, a ZOO-word summary of the proposed work should be forwarded by the contractor as soon as possible after nepothtbn of 
the contract. 

. I  * ONTRACT NUMBER 

f-( qo.., )- b > 
10. SECURlrY CLASSlFlWTlON: . . 

-0 be determined, 

. .  

-. . 

. .  . .  

. .  - .  

A cytochemical study of the effects of acbaa 
18. SCOPE O F  WORK 

spermtogene sis. 
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1 ,  First-Year Budget (From November 15, 1569 to Noved~el- 14, 1970') 
"Estimated Requirements 

- 

1. Salaries and Wages 
a. Principal lnvestigator, J .  Serl in, 

Assoc. Prof., $1633 per month 
(Full-time for 1 1/2 months) 
(1/5 time for 9 months) . $  2,939.00 

, 
b. Graduate Assistants 

Graduate Assist.(1/2 time for 9 months) 
(. ' Graduate Assist.(l/2 time for 9 months) 

. .  ' Graduate Assist. (Ful I-time for 3 months) 

Graduate Assist. (Full-time for 3 months) 
Master's Candidate 

Doctoral Candidate 
I 

c. Fringe Benefits (Social Security, etc. 
i at 4.8% of above salaries) 
i 

.2. Supplies and Materials 
a. Chemicals ~ 

b, Glassware ' 

.c. 
d. . Other Photographic Supplies 
e. Diamond Knives (two) 
f.  ,Office Supplies and Miscellaneous 

. .  Electron Microscope Plates, other Materials 

3. Equipment 
a. Ultrapicro 
b. Light Microscope 

4. Pub1 ication Costs 

n f Salem, Oregon 

roscope Service Contrac 



I I 

% 

Percentage and Amount Contributed $ 9,lbO.OO . 
by Texas Tech University-27.3% 

Percentage and Aiount Requested $24,409.00' 
. .  

< 

15, 1970 to November 14, 1971) 
. _ -  

J. Second-Ye 
. .  

I 

I 
. 

1. Sal ries and Wages 
a., i Principal Investigator, J. Berlin, 

Assoc. Prof. ,  $1715 per month __ I -I._k-l( Fu 1 1 - t ime -fo r-.J -1 /2-months) -- --- - - -- 

. :... . . .  . .  . . . ~ . .  . , . .  . .  
. - .  , 

.. . .  

Atom? c Energy 
Commission 

Texas Tech 
University . - 

I 

' -  2,500.00 
b. Graduate Assistants 

,2,700.00 1 Graduate A s s i s t .  (Ful I-time for 3 months) 861 .OO 
500.00 

c. Fringe Benefits (Social Security, etc .  

Graduate Assist.(l/Z time for 9 months) 
Graduate Assist.(1/2 time for  9 months) 

, Graduate Assist. (Full-.time for 3 months) 
I '  

at 4,8% of above salaries . 148.60 458.00 
_ -  . .  4 

' 2. -Supplies and Materials 
a. Chemicals 
b. Glassware 
c. Electron Microscope Plates, other Materials . 
d. Other Photographic Suppl ies 
e. Resharpen d i amond kn i ves 

. . .  
, .  



Percentage and Amount Cont r ibuted  
by Texas Tech Un ivers i ty-I 8.8% 

Percentage and Amo 
from the AEC--81.2% 

$ 4,369.00 
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SUPPOPS OF FZSL4RCZX 

P i o j s c t  Title: The E f f e c t s  0: X-irrsdiation on the E ~ q s n  Testis: 
Ax E l e c t r o n  Microsco7ic  Cytochzaicsl Study 

Desired StarLirg Ca tz :  Septeabzr I, 1969 

& . t i t c t i o c :  2’s:;as Teclmolozical  Collese 
L.il~bock, Texas 79409 

PrkvSpal I x v e s t i g a t o r :  J e r ry  D.  B z r l i n  
A s s o c i e t e  ProEessor 
Departi i~ent of E io logy  

A n t 5  en t ica t  i on : 

-. 

.. 
,. .. 

. I O 3 4 9 0 2  

Y 

< 
A S S G C ~ Z ~ ~  Vice President 

f o r  R2search 



THIS IS TO CERTIFY That the equipment, specifically 

an ul tramicrotornz, requested for purchase in the Atonic Energy 

Commission Research Proposal entitled "The Effects of X-irradiation 

on the Human Testis: ' An Electron Microscopic Cytochemical Study" 

i s  not reasonably available f o r  use on this project at Texas 

Technological College. 

TEXAS TECHi4OLOG I C A L  C O L L E G E  

fl  3% e L y  D&,,S&%.~ 
Monty E. Davenport 
Associate Vice President f o r  
Research and Special Programs 

-1034903 



i . \ *  

PXOJECT ABSTPcXT . 

C o n t r o l  and X - i r r a d i a t e d  (200 and GOOr) testes of n o r n a l  nen w i l l  b e  sub- 
j e c t e d  t o  a n  e l e c t r o n  rrlicroscopic c y ~ o c h e m i c e l  e x m i n a t i o n .  Samples vi11 be 
ob ta ined  f rm a few minutes  t o  s e v e r a l  months a f t e r  i r r e d i a t i o n  t o  d e f i n e  en- 
zylnic l o c a l i z a t i o n s  t h a t  occur  du r ing  (1) s p e m a t o g o n i e l  degene ra t ion ,  i.e., 
e a r l y  r a d i a t i o n  e f f e c t s ,  and (2) the recovery p rocess  trhen t h e  seminiferous 
t u b u l e s  are r epopu la t ed  w i t h  t h e  spermatogenic ce l l  series. I n f o m a t i o n  de- 
rived f rm th is  s t u d y  should p rov ide  kno~.rledge of t h e  e f f e c t s  of X- rad ia t ion  
on the s t r u c t u r e  and f u n c t i o n  of these. i n p o r t a n t  ce i l s .  

. 

t 0-34q04 . .  
. .  . .  

. .  
* .  . 
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A .  S c i e n t i f i c  Background: 

4 

The neterial  f o r  t h i s  s t u d y  vi11 be ob ta ined  through t h e  c o u r t e s y  of D r .  
Carl Hel le r ,  D i r e c t o r ,  D i v i s i o n  01 Reproductive Physiology, P a c i f i c  N o r t h i e s t  
Research Foundation, S e a t t l e ,  Flashington, who has  k i n d l y  consented t o  supp ly  
t h e  P r i n c i p a l  I n v e s t i g a t o r  w i t h  human spermatogenic t i s s u e  f rm volunter-r  i n -  
m a t e s . r e s i d i n g  i n  t h e  Oregon S r a t e  P r i s o n ,  Salem, Oregon. D r .  Hel ler ' s  pro-- 
gram p r o j e c t i o n s  are such t In t  t h e  mater ia l  r e q u i r e d  f o r  t h i s  s tudy  t.iil1 be 
available dnr ing  t h e  normal c o u r s e  o f  h i s  work. 
tion oE hurr.an s u b j e c t s  will n o t  be d u p l i c a t e d  f o r  t h e  proposed s t u d y .  

tific inr 'ormation frosl t h i s  r a r e  and unique experimental  material. 

. 

A. 

Thus, e x p e r i m n t a l  manipula- 

w e  v i m  the  proposed work as a n  e f f o r t  t o  o b t a i n  t h e  maximmi m o u n t  of s c i en -  

- 
I n  f a c t ,  . 

The P r i n c i p e l  I n v e s t i g a t o r  of t h e  proposed s tudy p r e v i o u s l y  cooperated w i t h  
Dr.  H e l l e r  on an e l e c t r o n  microscopic  s t u d y  of human spermatogenic t i s sue .  
r e a l i t y ,  t h e  proposed work i s  2 c o n t i n u a t i o n  and ex tens ion  of t h a t ' s t u d y .  W e  
.have i d e n t i f i e d  f o u r  d i s t i n c t  t ypes  of human spermatogonia by f i n e  s t r u c t u r a l  
x r i t e r i 2 ; r h e r 2 a s  p r e v i o u s l y  on ly  t h r e e  spermatogonial  t ypes  w e r e  recognizEd 

Also  p e r t i n e n t  t o  t h e  proposed work was an i n i t i e l  
. s tudy  made i n  t h e  area of e l e c t r o n  microscopic  cytochemistry.  

Tn 

(see Appendlces A and E ) .  
Althocgh we 

=ere not 2312 t o  c m p l e t e  t h o s e  s t u d i e s  b e f o r e  t h e  P r i n c i p a l  I n v e s t i g a t o r  moved 
to Texas Technologica l  Co l l ege ,  we were s u c c e s s f u l  i n  p rocess ing  t i e s u e  ob- 
t a i n e d  fro= t h e  p r i s o n  i n  a l a b o r a t o r y  removed froin t h e  p r i s o n  by approximately.  
350 miles. 
p r e p a r a t i o n  w i l l  be  use3 wi thout  m o d i f i c a t i o n  i n  the proposed s t u d y .  

The same t echn iques  t h a t  we  have p rev ious ly  used f o r  reinote sgmple 

I t  i s  w211 known t h a t  t h e  tes t is  is an extremely r a d i o s e n s i t i v e  t i s s u e .  
Tn the nouse,  Dakberg (1955a, '1955b) has shovn t h e t  rad ia t ion- induced  s t c r f l i t y  
i s  t h e  result of spermatogonial  d e g e n e r a t i o n  and i s  n o t  due t o  an i n h i b i t i o r i  of 

H e l l e r  e t  a l .  (1955) have shosm s p e m a t o g o n i a l  dsmage i n  hiizan tes tes  
as early as three h o u r s  postexposure.  These s2me workeis r e p o r t e d  c a p l c t e  de- 

n u d i n g  of t h e  g e m i n a l  e p i t h e l i u m  i n  man izt 200r and above and found moderate 
o l i g o s p 2 m i a '  a t  doses as lei? as 1 5 r .  A d e c r e a s e  i n  sperm count  ~ 7 2 s  no t  found 
u n t i l  46 days postexposure,  v h i c h  i s  t h e  t i n e  r e q u i r e d  f o r  p r e l e p t o t n n e  syern- 
a t o c y t e s . t o  develop i n t o  mature  sperm i n  man. The most advanced speriilatogonia 
g i v e s  r i s e  t o  t h e  p r e l e p t o t e n e  spermatocyte ,  t h n e f o r e ,  i t  appee r s  t!--at sperm- 
atogonial damage i s  a l s o  t h e  major f a c t o r  i n  the r a d i o s e n s i t i v i t y  of t h e  human 
t e s t i s .  

- m i t o s i s .  

' 

L i g h t  m i c r o s c o p i c  i n v e s t i g g t i o n s  of the huzan t e s t i s  are numerous and ref- 
e r e n c e s  t o  this 2rez may be found i n  t h s  e x c e l l e n t  work of Clennont (1953, 19662, 

based oa l l g h t  microscopfc  e x a d n a t i o n s  of p e r a f f i n  and Epon embedded s e c t i o n s  
- 1 9 6 6 b )  ani! Eeller  and C l e m o n t  (1964).  Brief d e s c r i p t i o n s  of h m a n  spermatogoxfa, 

-=re i n c l u d e d  i n  Appendix B. 

A nfmler DE e l e c t r o n  microscopic  s t u d i e s  have been performed or, the huazn 
. Testis . (Faxce t t  and Bcrgos, 1960; V i l l a r ,  Perez d e l  Cerro,  an2 Nanc-Lni, 1962; . 

Bawa, 1963; Leeson 1966; Nagano, 1 9 6 2 ,  1966; de Kretser, 1967a, 1967b; Smith 
- -Leeson, a d  Bunge, 1967;  Smith, Leeson, Bunge, and Andersoil, 1967; Yasuzunl, 

Nakai ,  Tsribo, Pasuda,  and Sugioka, 1957; Tres 2nd S o l a r i ,  1968; B&r l in ,  1968a, 

.I '0 3 4 9 0 b , 
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F 
2nd B e r l i n  and ASec, 1969).  
u a s p z c i f i a d  tissce. 
cribed t h s  f i n e  structure of t h e  i n t e r s t i t i e l  c e l l s ,  S e r t o l i  cells, o r  spcrma- 
t i d s .  Ths u l t r a s t r u c t u r e  of  t h e  spe1~13togoilia, which a r e  t h e  most r a d i o s e n s i -  
t i ve  ce l l s ,  has u n t i l  r e c e n t l y  r ece ived  very l i t t l e  a t t e n t i o n .  I n  a d d i t i o n  t o  
CCY work, t h e  f i n e  s t r u c t u r e  of t h e  g e m i n a l  ce l l s  of normal men has been re- 
p o r t e d  ozlly i n  a b s t r a c t  fora ( V i l l a r  2nd Paulsen,  1957).  

I n  g e n e r a l  t h e s e  s t u d i e s  have u t i l i z c t l  abnoncal O r  

A l s o ,  t h e  n z j o r i t y  01 t h e  above i n v c s t i g a t i o n s  have des- 

The clrfects n€ i r r a d i a t i o n  on the s u b c e l l u l a r  morphology of t h e  huaan t e s t i s  

The o n l y  ce l l s  observed w i t h i n  t h e  seminiferons t u -  . 
have n o t  been r e p o r t e d .  I p r e v i o u s l y  obtained h m a n  t e s t i c u l a r  t issEe one yea r  : . 
af:er 2-n exposure  of 200r .  
b u l e s  i n  2 b r z e f  s u r v e y  of t h i s  a a t e r i a l  were S e r t o l i  c e l l s .  
by t h i s  0 3 s e r v a t i o n  pertains t o  t h e  ce l l  t y p e  t h a t  g i v e s  r i s e  t o  spernatogoni2 
du r ing  tbe r e c o v e r y  p r o c e s s  t o  e f f e c t  r e p o p u l a t i o n  of t h e  spermitogenic  c e l l  
serles. 
s t r i c t l y  2 m a t t e r  f o r  s p e c u l a t i o n .  A s  po in t ed  ou t  i n  t h e  p r e p r i n t  i n  Appendix 
B, i r r a d i e t i o n  s tuaies  r e p r e s e c t  a means by  w5ich the most p r i m i t i v e  spenxato- 
goniuin 'c23 be l d e n t l f i e d .  

The ques t ion  r a i s e d  

At the greseiit t ine  t h e  i d e n t i f i c a t i o n  of t h e s e  ' 'precursor" cel ls  i s  

E l e c t r o n  microscopic  c y t o c h a i c a l  o b s e r v a t i o n s  on human tes tes  a r e  sonetrhzt 
l i m i t e d .  Pasuzmni e t  al. (1967) suggested t h a t  adenosine t r i p h o s p h a t z s e  a c t i v i t y  
3-2s localizes i n  ZLe nuclear po res  of the Leydig cells  of aged human tes tes .  
Adenosine triplosjhatese e c t i v i t y  has been l o c a l i z e d  i n  a p r e v i o u s l y  undescribed 
f i l m e n t o u s  b08y t h a t  o c c u r s  i n  c e r t a i n  t y p e s  05 human s p e r n a t o g o ~ i a  (Sse F i g u r e  
13, Appzidix S).. This t echn ique  h2s been used w i t h  convincing r e s u l t s  t o  l o c a l -  
i z e  2 nu:%er oE enzynes i n  r a t  and guinea p i g  testes (Tice and B a r n e t t ,  1963; 
Gordon an3 B s r r n k t t ,  1967; Ready and Svoboda, 1957; Frank and Chr i s t ensen ,  1968; 
and Pos212'l:i, Szabo, B z c s i ,  and Ol:os, 1968). 
(1956) u t i l i z e d  e l ec t ron  microscopic  c 9 t o c h e n i s t r y  t o  deinonstrz-te a t r a n s i t i o n a l  
i n c r e a s e  i n . a c i d $ h o s p h a t a s e  a c t i v i t y  i n  t h e  S z r t o l i  ce l l s  of i r r a d i a t e d  m i c e .  
The P r i n c i p a l  I n v a s t i g a t o r  has used the t echn ique  t o  damonstrate a n  immediate 
r a d i a t i o z  raspme i n  i n t e s t i n a l  e p i t h e l i a l  c e l l s  (Eerl in ,  19588) aad a l s o  as 2 
means t o  2ssay c d l u l a r  avnage r e s u l t i n g  froiil heavy metal t o x i c i t y  i n  hepa tocy te s  
(AppZndTs C).  It i s  d o u b t f u l  tha t  any o t h e r  t echn ique  i s  E S  cepab le  of a s say ing  
i m 2 d i a t 2  b i o l o z i c a l  responses t o  r a d i a t i o n  2s i s  e l e c t r o n  n i c r o s c o 2 i c  c y t o c h e -  
i s t ry-  . 

I n  acldit ion,  Hugon and Borgers 

The cq-?ochem'ical l o c a l i z a t L o n  of phosphetase e a z p = s  p r e s e n t s  a method vhere- 
b y  f u n c t i o n  m2y 'be c o r r e l a t e d  w i t h  s t r u c t u r e .  
many, if not a l 1 , b a s i c  c e l l u l e r  p rocesses ,  e.g., t hey  p l a y  e r o l e  i n  d i g e s t i o a ,  
i n t r a c e l l u l a r  t r a n s p o r t ,  i n t e r c e l l u l a r  t r a n s p o r t ,  b i o s y n t h e s i s ,  etc. C l e a r l y ,  
i t  i s  i r p o r c a n t  To have 2n u l t r a s t r u c t u r a l  c h z r a c t e r i z a t i o n  of t h e s e  i n p o r t a n t  
enzymas u n a e r  r o i t r o l  2nd i r r a d i a t e d  c o n d i t i o n s  i n  man. O n  t h e  oile hand, th i s  
i n f o r m a t i o n w d d  c o n t r i b u t e  t o  a better d e s c r i p t i o n  of r a d i a t i o n  d m a g e .  
the o t h e r  hand, s u c h  hos; / ledge n i g h t  y i e l d  in fo rmz t ion  enab l ing  a b e t t e r  inter- .  
pretatioa t o  b t n a a e  a b o u t  c e l l u l a r  p r o p t r t i e s  and e c t i v i t i e s  of the l i v i n g  
t es t i s .  

The phosphateses are involved i n  

On 

One o€ fie x e a s o n s  f o r  working with men 2nd not w i t h  ano the r  s p e c i e s  i n  t h e  
proposed stuay I s  b e c a u s e  fiunzn testes E r e  s u f f i c i e n t l y  d i f f e r e n t  n o r p h o l o g i c a l l y  
f r o m  other sp2Li-e~ r e p o r t e d  in the l i t e r a t u r e  as t o  cast dcu3 t s  on m y  a t t e q t  

For exanple, m n  a l o n e  has w a l l  d s f ined  c r y s t a l l o i d  i n c l u s i o n s  .at ext rap la t ioo .  

1034907 
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i n  the Leydig c e l l s  and i n  t h e  S e r t o l i  cells. Nan a l o n e  has a fi lamentous body 
i n  t h e  s p e n w ~ o g o n i a .  
Ifan has no e q u i v z l e n t  t o  t h e  "5iBVe of t h e  s e a i n i f  e rous  epithclium" descr ibed i n  
r a t  and  o ther  nzm,als. I n  a d i f f e r e n t  ve in ,  P 9 0 r  h e r d l y  a f f e c t s  the  bul.1, 
whereas 15 r has a narkecl e f f e c t  on man. For  t h e s e  and many o t h e r  reasons,  ex- 
t r a p o l a t i o n  f r o 3  e s p e r i m e n t s  w i t h  o t h e r  a n i m l s  t o  man has a number of b u i l t - i n  
hazards  and i s  f r a c g h t  with d i f f i c u l t y .  
problems i n  hunan t i s s u e s  one mst look  a t  man as t h e r e  i s  no s u i t a b l e  s u b s t i t u t e .  
Neve r the l e s s ,  i t  shou ld  b e  emphasized t h a t  th2  work o u t l i n e d  i n  t h i s  proposzl w i l l  
n o t  r e q u i r e  a d s i t i c n a l  manipEla t ion  of humsn s u b j e c t s ,  bu t  w i l l  t a k e  advantage of 
a v a i l a b l e  expe r imen ta l  t i s s u e .  

Nan has c n l y  f o u r  r ecogn izab le  types of spcrmatozonia. 

Thus, i f  one i s  i n t e r e s t e d  i n  r e s o l v i n g  . 

B. S c i e n t i f i c  Scope: 

The o b j e c t i v e  of t h e  proposed s t u d y  i s  to d e f i n e  changes i n  u l t r e s t r u c t u r e  
and ekzyne l o c a l i z a t i o n  t h a t  occur a f t e r  X - i r r a d i a t i o n  of human testes. Enphz- 
sis w i l l  be p laced  03 t h e  e a r l y  e f f e c t s  of i r r a d i a t i o n  and e s p e c i a l l y  09 SF2rn- 
a t o g o n i a l  d e g e n e r a t i o n .  
c a l i z a t i o n s  i n  c o n t r o l  t i s s u e s  as t h i s  has  not been accomplished i n  t h e  hsman. 
I n  a d d i t i o n ,  t h e  r e c o v e r y  p rocess  will a l s o  be esamined and i t  i s  a n t i c i p a t e d  
t h a t  ve  will be a b l e  t o  de te rmine  t h e  c e l l  type t h a t  r epopu la t e s  t h e  spermato- 
genic  ce l l  l i n e  d u r i n g  t h e  r ecove ry  pe r iod .  
recovery  occurs ,  p e r h a p s  p r i o r  t o  c e l l u l a r  r e p o p u l a t i o n ,  and t h a t  we w i l l  b e  
a b l e  t o  e s t a b l i s h  a p a t t e r n  f o r  t h i s  process .  
t o  t h e  s u 3 c e l l u l a r  l e v e l  ou r  p r e s e n t  knoibTledge about  t h e  e f f e c t s  of X- i r r ad ia t ion  
on t h e  human tes t i s .  
r a b l e  work i n  p r o g r e s s  i n  any o t h e r  l a b o r a t o r y .  

. 
Obviously,  i t  Will be necessa ry  t o  determine enzyirie lo- 

We f u r t h e r  a n t i c i p a t e  t h a t  enzymic 

T h i s  work i s  designed t o  extend 

. The P r i n c i p a l  I n v e s t i g s t o r  h a s  no knowledge of any coinp- 
- 

C. Experimental  Design: 
- 

Contro l  and i r r e d i a t e d  human tes t icular  t i s s u e  w l l l  b e  s u p p l i e d  by D r .  C 2 r l  
H e l l e r  P a c i f i c  K o r t h v e s t  Research Foundzt ion,  S e a t t l e ,  Hashington.  T i s s u e  s m -  
p l e s  w i l l  be a v a i l a b l e  i n  a v a r i e t y  of times fo l lowing  exposure t o  200 and 6 0 0 r  
X-radia t ion .  G?2 w i l l  be p a r t i c u l a r l y  i n t e r e s t e d  i n  immediate e f f e c t s  (15 minutes  
t o  6 hour s  pos t e sposu re )  and i n  selected t imes du r ing  t h e  recovery  per iod.  
t h e  e a r l y  times we w i l l  f o l l o w  spermatogonia l  degene ra t ion  and a t  t h e  l a t e r  t i a e s  
we w i l l  determine  t h e  sequence of s u b c e l l g l 2 r  e v e n t s  l e a d i n g  t o  r epopu la t ion .  

A t  

Biopsied t e s t i c u l a r  m a t e r i a l  w i l l  b e  i n i t i a l l y  f i x e d  a t  t h e  p r i s o n  by a tech-  
n i c i a n  from D r .  Carl  H e l l e r ' s  l a b o r a t o r y  i n  S e a t t l e .  

c o n s u l t  on pr ison '  p r o c e d u r e s .  
experiments t o  c o i n c i d e  w i t h  D r . . H e l l e r ' s  ongoing program. 
f i x e d  m a t e r i a l  t he  t e c h n i c i a n  w i l l  s p l i t  t h e  b iopsy  i n t o  two p a r t s .  
be ing  f i x e d  i n  f r e s h l y  prepzred  1% glu ta ra ldehyde  i n  0.111 cacody la t e  b u f f e r  (pX 
7.2, O'C) and t h e  o t h e r  p a r t  i n  f r e s h l y  prepared  c o l d  4% formaldehyde i n  0 .11:  

.cacodylate b u f f e r  coDta in ing  1% C a C 1 2  ( d i f f e r e n t  f i x a t i v e s  be ing  r e q u i r e d  t o  re -  
t a i n  a c t i v i t y  OZ d i f f e r e n t  enzymes). Immediately a f t e r  p l a c i n g  the t i s s u e  i n t o  
t h e  a p p r o p r i z t e  f i x a t i v e  t h e  sarnples w i l l  be c u t  i n t o  1 X 2 X 5 t o  10  ran s t r i p s  

It i s  d e e m d  Z e s i r a b l e  f o r  
t h e  P r i n c i p a l  I n v e s t i g a t o r  t o  make t w o  t r i p s  E year t o  S e a t t l e  to d i r e c t  and 

These t r i p s  vi11 a l s o  be v a l u a b l e  f o r  p lanning  ou r  
To o b t a i n  p rope r ly  

One p a r t  

' 

103U408 
. .  



.. ,., .. 
' .' 

7 
P 

1 .  

to ensure  adr,.quate p e n e t r a t i o n  of t h e  f i x a t i v e .  
s t e p  is t h a t  t h e  s u r f a c e  of t h e  t i s s u e  no t  be alloried to dry, t h e r e f o r e ,  t h c  
t i s s u e  vi11 remain s u h e r g e d  i n  the c i i i l l e d  f i x a t i v e  S u i n g  t h e  c u t t i n s  proced- 
ures. The t i s s u e  w i l l  r2il?ain i n  t h e  i n i t i a l  f i x a t i v e  f o r  55 n i n u t e s ,  b u t  no 
laager than one hour (longer t imes i n  the i n i t i a l  f i x a t i v e  i n a c t i v a t e s  several. 
of t h e  enzynes for which 1 7 2  sill be subsequent ly  a s say ing) .  A t  t h e  eild of t h e  
i n i t i a l  f i x a t i o n  per iod ,  the t i s s u e  w i l l  be t r a n s f e r r e d  t o  cold 0.1 31 cacodyla te  
b u f f e r  (conta in ing  5% suc rose  when r e q u i r e d ,  depending upon t h e  enz3m2s t o  be  
l o c a l i z e d ) ,  pecked i n  i c e ,  wrapped i n  a b r i l l a n t  red  paper, and shipped by a i r  t o  
the P r i n c i p a l  I n v e s t i g a t o r  a t  Texas Technologic21 College.  The schedules  w i l l  
be prearrznged and t h e  P r i n c i p a l  I n v e s t i g a t o r  w i l l  m2e.t t h e  inconing p lene  and 
r e t r i e v e  t h e  s m p l e .  We have personelly found t h a t  wrapping t h e  s m p l e s  i n  b r i l -  
f a n t  red  paper h2s t v o  advantages.  F i r s t ,  they eppear t o  r e c e i v e  mor5 i n t i m a t e  
care frm a i r l i n e s  personnel  and second, they  a r e  r e a d i l y  i d e n t i f i a b l e  and e a s i l y  
r e t r i e v a b l e .  Tne above procedures  have been descr ibed  i n  d e t a i l  because of t h e  
n e c e s s i t y  of u t i l i z i n g  .. t e c h n i c a l  h e l p  a t  t h e  p r i son  (see X .  Budgetary Addendun). 

We p rev ious ly - found  t h a t  t h e  above proceaure r o u t i n e l y  gave s a t i s f a c t o r y  re- 
The major requirement  f o r  t r a n s p o r t i n g  samples i s  t h a t  they be kept  

The major  preczut ion  f o r  t h i s  

s u l t s .  
c h i l l e d . '  The method of packing t h a t  we  p rev ious ly  use2 w i l l  keep t h e  t i s s u e  
s a t i s f a c t o r i l y  c h i l l e d  for a t  l e a s t  24 hours .  Th i s  i s  znple  t i m e  f o r  i t s  sh ip -  
ment t o  t h e  P r i n c i p a l  I n v e s t i g a t o r ' s  l a b o r a t o r y  which w i l l  r e q u i r e  a maximum of 
e i g h t  hours .  
t h e  t i s s u z  and, i n  f a c t ,  a b u f f e r  wash of 18 t o  24 hours  a t  t h i s  i n t e r v a l  i s  

(Smith 2nd Farquhar,  1965).  

Transpor t  of t h e  t i s s u e  a t  this p a r t i c u l a r  s t e p  does n o t  danage . 

- r o u t i n e  procedure i n  s7ec inen  p r e p a r a t i o n  f o r  e l e c t r o n  microscopic  cy t ixhe ia i s t ry  

- _  
When rece ived  2 t  Texas Techaologice l  Col lege th2 t i s s u e s  w i l l  be  f u r t h e r  

processed f o r  t h e  l o c a l i z a t i o n  of a c i d  phosphatase,  ve r ious  nuc leos ide  d i -  and 
t r iphospha ta ses ,  and th iamine  p y r o p h o s p k t a s e .  , T h e  p r q a r a t i o n s  w i l l  bz  made i n  
t h e  r o u t i n e  manner f o r  e l e c t r o n  microscopic  cy tochemis t ry  w i t h  a t i s s u e  s e c t i o n e r  
be ing  mployed t o  o b t a i n  40 micron s e c t i o n s .  
i n  chil led 0 .1  31 czcody la t e  b u f f e r  p r i o r  t o  t h e i r  incubat ion  i n  medium con ta in ing  
a p p r o p r i a t e  s u b s t r a t e s .  , During incuba t ion  t h e  s e c t i o a s  w i l l  be Ifronitored where 
p o s s i b l e  a t  t h e  l i g h t  m i c r o s c o p e ' l e v e l  t o  ensure  proper  incubat ion  t imes.  
i r rcubat ion t h e  s e c t i o n s  w i l l  be g iven  a b u € f e r  wash, fixed i n  osrnim t e t r o x i d e ,  
dehydrated i n  e thano l ,  2nd mbedded i n  Epon. 
w i l l  be sec t ioned  f o r  boyh l i g h t  and e l e c t r o n  microscopic  examination. 
m i c r o t m t  i s  r equ i r ed  f o r  t h i n  s e c t i o n i n g ,  %.e., t o  ob te in  s e c t i o n s  t h a t  a r e  300 
t o  500 Angstroms t h i c k .  
t h i c k  s e c t i o m  f o r  l i g h t  microscopy. 

@laser,  1968) .  
a i d  t o  t h e  e l e c t r o n  microscopic  i n v e s t i g a t i o n .  
t h a t  t h e  s i x  c e l l  a s s o c i a t i o n s  found i n  human testes (Clermont, 1963) r ; i l l  posses s  
d i f f e r e n t  p a t t e r n s  of enzymic l o c a l i z a t i o n s .  
d i spensab le  instruinent  f o r  t h e  s tudy  beczuse t h e  c e l l  a s s o c i a t i o n s  are v i r t u a l l y  
i n p o s s l b l e  t o  i d e n t i f y  by e l e c t r o n  microscopy d112 t o  t h e  smal l  2mount of t i s s u e  
t h a t  can be  observed. 
a s s o c l e t i o n s  on s e c t i o n s  a d j a c e a t  to t hose  used f o r ' t h e  u l t r a s t r u c t u r a l  s tudy  s o  
t h a t  57e msy e x m i n e  t h e  p o s s i b l e  i n f l u e n c e  of t h e  ce l l  a s s o c i a t i o n s  on enzymic 
l o c a l i z s t i o n s .  

' 

These s e c t i o n s  w i l l  be  f u a t h e r  xashcd 

. A f t e r  

A f t e r  po lyne r i za t ion  t h e  tissues 
in u l t r a -  

Th i s  sane ins t rument  w i l l  be used t o  ob ta in  1 n i z r o n  
The t h i c k  s ' ec t ions  w i l l  be s t a i n e d  w i t h  

Light microscopy w i l l  be  us2d f o r  o r i e n t e t i o n  and 2 s  q survey  
---azure I1 2nd methylene b l u e  (Richardson e t  al., 1960) 2nd by a modified PAS s t a i n  

A p o s s i b i l i t y  t h a t  b i g h t  erise i s  

The l i g h t  microscope w i l l  be  an in- 

Thus l i g h t  microscopy wL11 be  used t o  i d e n t i f y  t h e ' c e l l u l a r  

Thin s e c t i o n s  obta ined  w i t h  t h e  u l t r a m i c r o t m e  ilrill  be exanined 
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via t h e  e l e c t r o n  microscope e i t h e r  uns t a ined  o r  s t a i n e d  by a modif ied uranyl  
a c e t a t e - l e a d  c i t r a t e  s t a i n  (Adee and B e r l i n ,  c a .  1960). 
be used t o  avoid any p o s s i b i l i t y  of e l e c t r o n  dense s t a i n i n g  c o n t m i n a n t s  t h a t  
might be confused w i t h  t he  enzymic r e a c t i o n  p rodac t .  

Unstained sectioirs will 

This  p r o j e c t  w i l l  have En important  r o l e  i n  t h e  developnent of t h e  P r i n c i p a l  
I n v e s t i g a t o r ' s  g r a d u a t e  program at .  Texas Technological  Col lege .  
r easons  t h e  au tho r  r e c e n t l y  accepted  h i s  p re sen t  p o s i t i o n  were t h e  cha l lenges  
i n h e r e n t  i n  e s t z 5 l i s h i n g  a n  e l e c t r o n  microscope l a b o r a t o r y  i n  our  new f a c i l i t y  
and i n  developing a g radua te  program i n  C e l l  Eiology.  The proposed s t u d y  w i l l  
s u b s t a n t i a l l y  enhance our  g r a d u a t e  program by provid ing  t r a i n i n g  f o r  graduate  
s t u d e n t s  wi th  a un ique  t i s s u e  and w i t h  t h e  technique  of e l e c t r o n  microscopic  
cytochemistry.  

The primary 

D. S c i e n t i f i c  Personnel :  

1. P r i n c i p a l  I n v e s t i g a t o r :  J e r r y  D .  B e r l i n ,  Ph.D. 

t o 3 1 9 1 0  

Presen t  P o s i t i o n :  A s s o c i a t e  P ro fes so r  
F r a c t i o n  of T i m e  of P r o j e c t :  

Academic Year: 20% 

50% 
Summer Months : 

S o c i a l  S e c u r i t y  Number: 
S c i e n t i f i c  Experience:  

D r .  Berlin was a Sen io r  Research S c i e n t i s t  i n  t h e  Biology 
Department a t  Hanford Labora to r i e s  (operated by B a t t e l l e  
Msmorial I n s t i t u t e  f o r  t h e  A t o m i c  Energy Conmission) 

. Richland,  Wzshington f o r  f o u r  yea r s  (September, 1964 t o  
August,  1968).  During t h a t  t i m e  he d i r e c t e d  t h e  E lec t ron  
Eficroscopc Labora tory  and obta ined  cons ide rab le  experience 

. w i t h  t h e  s u b c e l l u l a r  e f f e c t s  of r a d i a t i o n  i n j u r y .  During 
. the  t e n u r e  of t h a t  employment an  e l e c t r o n  microscopic  s tudy  

of human spermatogenic  t i s s u e  was i n i t i a t e d  wi th  D r .  Car l  
E e l l e r ,  D i r e c t o r  of Reproduct ive Physiology, P a c i f i c  North- 
w e s t  Research Foundat ion,  S e a t t l e ,  Washington. The proposed 
s t u d y  is an  e x t e n s i o n  of t h a t  s tudy .  
i s  i n i t i a t i n g  a g radua te  program a t  Texas Technological  Col lege.  

P r e s e n t l y  D r .  B e r l i n  

P u b l i c a t i o n s :  

Bowen, C . C . ,  G .  A .  Peyton,  and J .  D. B e r l i n .  
t u r e  of t h e  h o s t - p a r a s i t e  i n t e r f a c e  of some o b l i g a t e  fungal  para-  
s i tes .  A m e r .  3 .  Botany 50: 624-625. 

1963. The f i n e  s t r u c -  

B e r l i n ,  J .  D .  and C .  C .  Bowen. 1964. The h o s t - p a r a s i t e  i n t e r f a c e  of 
Amer. J. Botany 51: 445-452. Albugo candida  on Raphanus s a t i v u s .  

B e r l i n ,  3. D .  and C .  C.. Bowen. 1964. C e n t r i o l e s  i n  the3fungus Albugo 
candida .  Amer. J .  Botany 51:650-652. 

B e r l i n ,  J. D .  and C .  C .  Bowen. 1965. M i t o s i s  and zoospore fo rna t ion .  
i n  Albugo. Amer. J .  Botany 52: 613. 

. .  
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E. Other Fersonnel :  
Technician ( t o  be named). 
F r a c t i o n  of T i m e  on P r o j e c t :  
J u s t i f i c a t i o n :  

100% 
A t e c h n i c i a n  w i l l  be  needed f o r  t h i s  project  t o  p repa re  
s o l u t i o n s ,  p r i n t  and d ry  electrorr  n ic rographs  2nd h e l p  
w i t h  sample p r e p a r a t i o n  ( i n c l u d i n g  incuba t ion ,  f i x a t l o n  
i n  osmium t e t r o x i d e  , dehydrat ion,  embedding and sectioil-  
i n g ) .  By performing r o u t i n e  l a b o r a t o r y  t a s k s  t h e  tech- 
n i c i a n  t r i l l  f r e e  t h e  i n v e s t i g a t o r ' s  t i m e  f o r  t h e  more 
c r i t i c a l  microscopic  work. . 

F. Other F i n a n c i a l  A s s i s t a n c e :  
From non-univers i ty  sou rces  f o r  t h i s  p r o j e c t :  
From non-un ive r s i ty  sou rces  on u n r e l a t e d  p r o j e c t s :  

None 

The P r i n c i p a l  I n v e s t i g a t o r  has a $5,000 g r a n t  f rm t h e  N a t i o n a l  
Cotton Council f o r  u n r e l a t e d  work t h a t  w i l l  t e r n i n a t e  D e c n b e r  . 
31, 1969. 

G.  F a c i l i t i e s :  

The Department of Biology a t  Texas Technological  Col lege , where the work 
o u t l i n e d  i n  t h i s  proposal  w i l l  be performed, has under c o n s t r u c t i o n  a new 
Biology Building t h a t  i s  scheduled f o r  c a a p l e t i o n  by September 1, 1969. We. 
are r e q u e s t i n g  t h a t  t h i s  p r o j e c t  be i n i t i a t e d  s imultaneously w i t h  t h a t  d a t e .  
Th i s  f a c i l i t y  w i l l  i n c l u d e  an E l e c t r o n  Microscope Laboratory of approximately 
3600 squa re  f e e t  of f l o o r  space.  Of t h i s ,  approsimately 1500 sqlclare f e e t  i s  
devoted t o  a t each ing  l a b o r a t o r y  t h a t  w i l l  c o n t a i n  a - E i t a c h i  ...4 model HS-8 e l ec -  
t r o n  microscope ... T h i s  t e a c h i n g  canp lex  h a s  a n  electron" microscope roan, a 
p l a t e  and p r i n t  darkroom, a g e n e r a l  p r e p z r a t i o n  room and a t each ing  1abore;ory. 
The remaining 2100 squa re  f e e t  of f l o o r  space has been a l l o c a t e d  f o r  a r e s e a r c h  
complex t h a t  w i l l  c o n t a i n  a H i t a c h i  model HU-11E-1 e l e c t r o n  microscope am? tiill 
be a v a i l a b l e  f o r  t h i s  s tudy.  
room, c o l d  room, p r i n t  darkroom, microtony roo=, e l e c t r o n  microscope rooai, 
p l a t e  da rk  room, a r a m  t o  be used s p e c i f i c a l l y  for cytochemistry,  and o f f i c e  
space  f o r  t h e  P r i n c i p a l  I n v e s t i g a t o r .  Sepa ra t e  o f f  ice  space w i l l  be provided 
f o r  t h e  Graduate A s s i s t a n t s .  Plonies a r e  avai lable  f o r  equipping t h l s  complex 
w i t h  two e l e c t r o n  microscopes,  one m i c r o t m e ,  a t i s s u e  s e c t i o n e r ,  e t c .  
e l e c t r o n  microscopes have a l r e a d y  been ordered and are  t o  be i n s t e l l e d  by 
August 1, 1969. 
l a b o r a t o r y  f o r  s t u d e n t  t r a i n i n g  arid w i l l  n o t  be a v a i l a b l e  f o r  th i s  s tudy .  
For  t h i s  reason,  ve are r e q u e s t i n g ,  as a l i n e  item i n  t h e b u d g e t ,  money f o r  
a n  u l t r a m i c r o t m e  t h a t  Mould be necessary  f o r  t h i s  s tudy .  Texas Technological 
Co l l ege  w i l l  match the funds b e i n g  r eques t ed  from t h e  A t o m i c  Energy C m i s s i o n  

s e a r c h  l i g h t  microscope t h a t  i s  necessary  f o r  t h i s  p ro jec t . '  A l l  o t h e r  equip- 
ment r e q u i r e d  f o r  t h e  s u c c e s s f u l  completion of t h i s  s t u d y  ~ C l l  be provided by 
Texas Technological  Col lege.  

. 

The r e s e a r c h  c m p l e x  has a g e n e r z l  p r s p a r a t i o n  

Th2 

However, t h e  one microtone w i l l  b e  p l aced  i n  t h e  t each ing  

. f o r  an u l t r ax ic ro to ine  and t h e s e  matching funds w i l l  be used t o  o b t a i n  a re- 

. . -  . .  
. .  



I. F i r s t  Y e i x  El~Jdget (From Septezber 1, 1969 t o  August 31, 1970) . 

. .. 
E s  t imat  ecl Req sir ement s 

1 s t Year 

Texas A t m i c  
. Technologica l  ' Energy 

Co l l ege  C ami s s ion 

1. Salaries and Wages - 
a. PL-incipal h v e s t i g e t o r ,  J .  B e r l i n ,  

Assoc. 'Prof., $1633 per month 
(Fu l l  t ime f o r  1 1/2 months) 
( 1/5 tine f o r  9 months) 

$ 2450.00 
$ 2939.00 

b. Graduate  A s s i s t a n t s  
' 

Graduate  Assist .  (1/2 t i m e  f o r  9 months) 
Graduate  A s s i s t .  (112 t ime f o r  9 nonths)  
Graduate  A s s i s t .  (Ful l  t i n e  f o r  3 months) 

Graduate  Assist. (Fu l l  t i m e  f o r  3 months) 
M a s t e r ' s  Candidate  

D o c t o r a l  Candidate  

c. Tcch.nician (to b e  named) 
- 

d .  fringe b e n e f i t s  (Socia l  s e c u r i t y ,  e t c .  
141.00 at 4.8% of above s a l a r i e s )  

2500.00 
2700.00 

861.00 

900.00 

2.  S u 2 p l i e s  and m a t e r i a l s  
2. Chemicals _ _  
b. Glassxare 
c. E l e c t r o n  microscope p l a t e s ,  

. o t h e r  m a t e r i a l s  
d.' Other photographic  s u p p l i e s  
e. Dim,ond Knives (two) 
f .  O f f i c e  s u p p l i e s  and misce l laneous  

- _  

3. Equipanent 
a. Ultrarnicrotcme 
b. L i g h t  microscope 5000.00 

6000.00 

4 .  

5 .  

6. - 
Q 
W 

33 

p3 

-#= 7 .  

8 .  
- 

P u b l i c a t i o n  c o s t s  

C o m a n i c a t i o n  

Travsl 
a. To s c i e n t i f i c  meet ing  
b. ' T o  S e a t t l e ,  Rashington  and Salem, Oregon 

Hitechi e l e c t r o n  microscope s e r v i c e  c o n t r s c t  

I n d i r e c t  charges  36.57% of salaries and wages 
i n  acco rdance  w i t h . p o l i c y  e s t a b l i s h e d  w i t h  

1016.00 
. 

DOD TDS 66-67 

740.00 

600.00 
400.00 

600.00 
400.00 
9co.00 

50.00 

5000.00 

400.00 

50.00 

400.00 
600.00 

1600.00 

5328.00 



II i 

. I '  

16 .. . 
> 

* 
TOTAL PROJECT COST . $ 41,575.00 

Pe rcen tage  and Amount Cont r ibu ted  
by Texas Technological Col lege  21.9Z $ 9,035.00 

Percen tage  and Aiount Request 
fron t h e  AEC 78.1% $ 32,479.00 

J. Second Year Budgt'i (From September 1, 1970 t o  August 31, 1971) 

Est imated  Requirements 

' \  
2nd Year 

Texas A t m i c  
Technologica l  Energy 

Co l l ege  C o m i  s s i o n  

3. S a l a r i e s  and TaJages 
a. P r i n c i p a l  I n v c s t i g a t o r ,  J .  B z r l i n ,  

Assoc. Prof., $1715 per month 
(Full t i m e  f o r  1 1 / 2  months) 
(1/5 t ime  f o r  9 months) 

$ 2573.00 
$ 3087.00 

b. Graduate  A s s i s t a n t s  
Graduate  Assist. (1/2 t i m e  for 9 months) 2500.00 

2700.00 Graduate  Assist. (1/2 t i m e  f o r  9 months) 
Graduate  A s s i s t .  (Ful l  t i m e  f o r  3 months) . 861.00 

900.00 Graduate  \ Assist .  (Full t i m e  f o r  3 months) 

. c .  Techn ic i an  (Fu l l  t ime f o r  1 2  months) . 6300.00 ' 

d.  F r i n g e  b e n e f i t s  (Socie l  S e c u r i t y ,  e tc .  
at 4.8X of above s a l a r i e s )  148.00 

2.  S u p p l i e s  and materials 
a. Chernicels 
b. Glassware 

760.00 

600.00 
300.00 

C .  

-d . 
e. 
.f 

E l e c t r o n  microscope p l a t e s ,  
o t h e r  m a t e r i a l s  
Other  photographic  s u p p l i e s  
Resharpen diainond kilives 
O f f i c e  s u p p l i e s  and misce l l aneous  

3. None r e q u e s t e d  f o r  2nd year) 

4. P u b l i c a t i o n  c o s t s  .. . 

. .  5 .  Comminication 

600.00 
400.00 
200.00 
50.00 

600.00 

. 50.UO 
6. Trave l  

a, To s c i s n L i f i c  meet ing 400.00 
b. To S e a t t l e ,  Washington an3 Salem, Oregon 600.00 

. .  

103119 I3 .. 
. *  
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+ 7. H i t a c h i  electron microscope s e r v i c e  c o n t r a c t  

8.  I n d i r e c t  Charges 34.57'l, of s a l a r i e s  and sages . 
i n  accordence with p o l i c y  established with 

1067 .OO 
__. 

1600.00 

5474.00 

DOD TDS 66-67 

TOTAL PROJECT COST $ 31,770 

Percentage  and Amount Cont r ibu ted  
by Texas Technologica l  Col lege  13.5.% $ 4;302 

Percentage  and Arnount Request 
from the AEC 86.5% $ 27,468 

c 

.. .. . .. . .  . . 
. .  - 

'.. 

. .  

. I  , 

. .  

. .  

i o 3 4 9  1 ti 

. .  

. '  . .  

. . .  
.. . . . .  .. .. 
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K. BudgeiEry Addmclum 

I n  r e l > - i n g  upon p r i s o n  h e l p  t o  do t h e  i n i t i a l  p o r t i o n  of o s r  p r e p a r a t i o n s ,  we 
have p r e v i o x s l y  enconnteredxa number of d i f f i c u l t i e s .  
of e x a s p c r z t i o n  we f i n a l l y  traced 0112 problem t o  t h e  f e c t  t h a t  t h e  i n n a t e  tech-  
n i c i a n  had p l a c e d  t h e  t i s s u e  i n  b u f f e r  t o  which f i x a t i v e  had n o t  been added. 
cytochemicel  ~ + o r k  i n v o l v e s  more complex procedures  and we f e e l  t h a t  p r i s o n  h e l p  
is t e c h n i c z l l y  i n c a p a b l e  of  s a t i s f a c t o r y  performance. Because of the n a t u r e  of 
t h i s  work, the  r a r i t y  of t h e  mater ia l  involved,  and the emount of time consuned 
i n  a n  e x p e r i m n t  2 r e q u e s t  w i l l  be made by D r .  C. Hcller i n  h i s  Atmic Energy 
C m i s s i o n  P r o p o s a l  t o  have  a t e c h n i c i z n  frorn h i s  S e a t t l e  l a b o r a t o r y  t ravel  t o  
t h e  p r i s o n  i n  Salem, Oregon and perform our  i n i t i a l  f i x a t i o n .  T h i s  procedural  
t e c h n i c a l i C y  i n  the budget  conforms t o  adv ice  p r e v i o u s l y  s o l i c i t e d  ( le t ter  da ted  
A p r i l  25, 1969) and r e c e i v e d  (phoie  c a l l  A p r i l  30, 1969) by t h e  P r i n c i p a l  I n v e s t i -  
g a t o r  f r o =  tSe Atomic Energy C o m i s s i o n .  

For exanple ,  a f t e r  months 
. 

Our . 

.. 

c 

. .  

1031s915 .' . 

_.. . . .  
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Dean, 2. IS. 2nd J. D. Berlin. 1965. The effect of temperature accli- 
mation on the tissucs of -- Salmo pairdneri (rainbox trout). Aiier. 
Zoologist 5: 696. . -  

Berlin, J. D. and J. M. Dean. 1966. Temperature-induced alteratioas 
in rainbow trout hepatocyte structure - and function. J. Cell Eiol. 
31: 1%. 

Berlin, J. D. 1967. The localization of acid mucopolysaccharide in 
J. Cell Biol. 32: the Golgi complex of intestinal gob.let czlls. 

760-766. 

BeKlin, J. D. and J. M. Dean. 1957. Temperature-indcced alterations 
in hepatocyte structure of rainbow trout (Szlmo gairdneri). 
Exptl. 20010gy 164: 117-132. 

J. 

Berlin, J. D. 1957. Early irradiation effects on the localization 
of acid mucopolysaccharides in intestinal absorptive cells. J. 
Cell Eiol. 35: 12A. 

Berlin, J. D. 1948. The ultrastructural localization of acid miico- 
polysaccharides in the intestine after irradiation. 
Res. 34: 347-356. 

Radiation 

Mahoney, T. D., J D. Berlin, J C. Pekas, and M. F. Sullivan. 1968. 
The effect of bile on t he  mucosa of the intestine. . In: 
Sullivan (Ed.), Gastrointestinal Radiation Injury, pp. 42-56. 
Excerpta -_ Medica Foundation , Amsterdaq. 

calization and identification of alpha enitters by electron rnicro- 

11. F. 

Adee, R. R., C. L. Sanders, and J. D. Berlin. 1968. Subcellular lo- a 

. scopic autoradiography. Health Physics. 15: 461-463. 

Dean, J. 11. and J. D. Berlin. ca. 1969. Alterations in hepatocyEe 
function of thermally acclimated rainbow trout (Salmo pairdneri). 
J. Cmp. Biochen. Physiol., In Press. 

. 

Berlin, J. D. and D. D. Mahlum. ca. 1969. Comparative morphological 
and functional studies of neptunium-induced fatty livers in rats. 

.Lab. Invest., Submitted. 

Rowley, t i .  J., J. D. Berlin, and C. G. Heller. ca. 1959. The ultrz- 
her. J. Anat.,' structure of four types of human spermatogonia. 

Subni t t ed . 
_ -  
Adee, R. R. and J. D. Berlin. ca. 1959. Rapid staining of thin 

sections using Triton X-100 in staining solutions. In Preparation. 
. -  

Research Reports: 

Mahoney, T. D. and J. D. Berlin. 
intestinal radiation damage. 

Northwest Laboratory, Richland, Washington). 

1966. Ultrastructural study oE 
Pacific Northwest Laboratory Annual I 0 3'4 1.b Report for 1965 in the Biological Sciences. BbXTL-2EC) (Pacific 

pp. 10-11. 
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B e r l i n ,  J. D. aiid J .  11. Dcan. 1965. U l t r a s t ruc tu ra l  changes i n  fish 
l i v e r s  a s s o c i a t e d  w i t h  texpez-ature acc l ima t ion .  I b i d . ,  pp. 115-117. 

. .. 

B e r l i n ,  J.  D .  1967. L o c a l i z a t i o n  of a c i d  mucopolysaccharides i n  t h e  
Paci.f ic Horthvest  Lab- 

EWL- 
Golgi conplex of i n t e s t i n a l  gob le t  c e l l s .  
o r a t o r y  Annual Report  f o r  1966 i n  t h e  B i o l o g i c a l  Sciences.  
480. 
12- 15. 

(Yacif i c  Northwest Laboratory,  Richland,  'I:Tashington), pp.  

B e r l i n ,  J .  D .  and D .  D .  Mahlum. 1967. Neptunium-induced f a t t y  
l ivers  i n  ra ts :  
I b i d . ,  pp. 4 3 - 4 6 .  

E l e c t r o n  microscopic  2nd b i o c h e n i c z l  s t u d i e s .  

D i l l e y ,  J .  V. end 3. D. B e r l i n .  1967. Ef fec t  of c h r o n i c  cyanide i n -  
g e s t i o n  on lung  co l l agen .  I b i d . ,  pp. 81-83. 

B e r l i n ,  J .  D .  1967. Tempereture-induced d i f f e r e n c e s  i n  a c i d  phos- 
p h a t a s e  levels of rainbow t r o u t  l i v e r s .  I b i d . ,  157-159. 

B e r l i n ,  J .  D .  1968. Acid mucopolysaccharide l o c a l i z a t i o n  i n  intes- 
t i n a l  a b s o r p t i v e  cel ls  after i r r a d i a t i o n .  P a c i f i c  N o r t h e s t  Lab- 
o r a t o r y  Rzport  f o r  1967 i n  th? E i o l o g i c a l  Sciences.  
( P a c i f i c  Northr-7est Laboratory,  Richland,  Washington), pp. 7.14- . 

7.17. 

BXTL-714 
. 

B e r l i n ,  J .  D. 1968. I n t r a n u c l e a r  i n c l u s i o n s  i n  Leydig cel ls  oE 
h w a n  - testes.  I b i d . ,  pp. 7.18-7.21. 

--. 
B e r l i n ,  J. D. and R.  R .  Adhe. ca. 1969. E l e c t r o n  microscopy of 

P a c i f i c  Eorthwest Laboratory Report for humen s p e r x a t t g o n i a .  
1968 i n  t h e  B i o l o g i c a l  Sciences.  I n  P r e s s .  

'2. Grazuate A s s i s t a n t :  James Ramsey, M.S. 
Graduate Student  
S o c i a l  S e c u r i t y  Number: 

F r a c t i o n  of T i m e  on P r o j e c t :  
Acadeaic  Year: 50% 
S u m e r :  100% 
S c i e n t i f i c  Experience:  K r .  Ramsey vi11 receive 'his  Master ' s  degree 

i n  June; h i s  thesis invo lves  a biochemical  problem and i s  be ing  
prepared f o r  p u b l i c a t i o n .  

P u b l i c a t i o n s :  Ncne 

. 3. Graduate  A s s i s t a n t :  John J .  V o l l e t ,  111, B . S .  
Graduate  Student  
S o c i a l  S e c u r i t y  Namber: - 

F r a c t i o n  of T ime  on P r o j e c t  : 
7 Academic Year: 50% 

.--. 
S u m e r :  100% 

S c i e n t i f i c  Experience:  None . -. 
- P u b l i c a t i o i l s :  None 

IO 3'49 t 1 L . 

.. . 
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11. L i t e r a t u r i :  C i t e d  

Adee, R.  R .  and J .  D .  B e r l i n .  ca.  1959. Rapid s t a i n i n g  of t h in  s e c t i o n s  
u s i c g  T r i t o n  X-1CO i n  s t a i n i n g  s o l u t i o n s .  I n  P r e p a r a t i o n .  

Bava, S. R. 1963. F i n e  s t r u c t u r e  of t h e  S e r t o l i  c e l l  of t h e  human tes t i s .  
J. U l t r a s t r u c t u r e  R e s .  9: 459-474. 

B e r l i n ,  J .  D.  1958a. I n t r a n u c l e a r  inclusions i n  Leydig ce l l s  of human 
tes tes .  
S c i e n c e s .  BLWT-.-714 ( P a c i f i c  Northwest Laboretory,  Richland,  WashingtoE), 
pp. 7.17-7.21. 

P a c i f i c  Northqcst  Laboratory Report for 1967 i n  t h e  B i o l o g i c a l  

B e r l i n ,  J D .  1968b. The u l t r a s t r u c t u r a l  l o c a l i z a t i o n s  of a c i d  nucopoly- 
s a c c h z r i d e s  i n  t h e  i n t e s t i n e  a f t e r  i r r a d i a t i o n .  R a d i a t i o n  Res. 34:  

.. 347-356. 

B e r l i n ,  J .  D .  and R.  R .  Adee. ea. 1969. E l e c t r o n  ~ ~ ~ c r o s c o p y  of humen 
spermatogonia .  
B i o l o g i c a l  Sciences.  I n  P r e s s .  

P a c i f i c  Northvest  .Laboratory Report f o r  1968 i n  t h e  
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2 Biology DeFar t ren t  
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E a t t  e l l e  lkrcor i a1 I n s t  i t u t  e 

F 5  chlend ,  Washicgton 

AES TFJ.C'T 

The e f f e c t  of ne?tuniw.-237 on  ret' l i v e r  r-as s t u d i e d  us ing  e l e c t r o n  

Crescent  shapes d i h t e t i o n s  of  t h e  endop les r i c  microscopic  techri iques.  

r e t i c u l m  were t h e  e c r l i e s t  morphologic e l t e r z t i o n s  observed ECC? vere  

found t v o  hours  E f t e r  237b:p a C n i n i s t r e t i o n .  

l a r F e  q u a n t i t i e s  of l i y i d  ves p r e s e n t  ir, t h e  l i v e r  and t v o  t y p e s  cf l i @ d  

bkd ies  vere observed under t h e  e l e c t r o n  n ic roscoFe .  

Byr 21; hours p o s t - i n j e c t i o n ,  

-\ 

The o ~ e  t y 7 e  VES 

t h e  o t h e r  yes electron-opaque er?d a s s o c i e t e d  w i t h ,  bo tn  t h e  endoplesn ic  

r e t i c u l u !  end t h e  Golgi complex. 

G l u c o s e - 6 - p h c s F ~ e t e s ~ ,  found w i t h i n  t h e  c i s t e r i i e c  of t h e  endo2lasr . ic  

# re t icu lun:  i n  c o n t r o l l i v e r  w e s  d i sp leced  i n  m i n d s  t r t c t e d  wi th  237?<p 1 bu- 

' . t r e e b e n t  of t h e  rsts w i t k  b u t y f e t e d  hydroxytoluene p r i o r  t o  237Kr i r . j e c t i c 5  - 
u . preverited t h e  ZisFlacement of glucose-6-phosphatese.  
w 
F 
s 
WJ 
csi 

Key words : F a t t y  l i v e r ,  E lec t ron  r.icroscoF;-, An t iox idan t ,  Clccose-6- 

ptlcs~.i:atesc * 



2.  S .  E e r l i n  and D. D .  b'eh1.m . 

b:any t o x i c  r n a t e r i e l s ,  incluCinF. carbon t e t r a c h l o r i d e  ( CC14), 

e t h i o n i n e ,  c r c t i c  a c i d  end puronycin,  induce f a t t y  l i v e r s  i n  r a t s  r - i t h  
a s s o c i a t e d  a l t e r a t i o f i s  i n  s u b c e l l u l a r  o r 6 a n e l l e s .  6 3 1 5  In F a r t i c u l e r ,  

d i l a t i o n  of t h e  rouFh endc7 lasn ic  r e t i c u l m  and d i s s o c i a t i c r ,  of r i t c s o z e s  
from t h e  merr,brenes have been r e p o r t e d ;  132'10s32 a decyeased s y n t h e s i s  of  

p r o t e i n s ,  p n r t i c u l a r l y  t1.e plasma l i p o p r o t e i n s  a c c o s p a n i e ~  t h e s e  ncrphologico l  

a l t e r a t i o n s  .27'31'35 '37 These obse rva t ions  m o n s  o t h e r s  l e d  Lomkcrcli 

16 and RecknaF;rl t c  p o s t u l a t e  t h e t  i rqe i red  secret ior l  of l i p i d  frcz: tt.e 

l i v e r  ves a co&ort f e s t u r e  i n  t h e  pathogenesis  of f a t t y  l i v e r s  prcZuced 

by Eany h e p t o t o x i n s .  

I iectnt  a t t e n t i o n  h e s  focused on t h e  p o s s i b l e  c s u s a l  r o l e  ~f l i p o -  

pe rox ida t ion  i n  t h e  rcorphoiogic and biochemicel d i s tu rbances  otser-;ed 

a f t e r  t h e  a h i n i s t r a t i o n  of  C C l i , ,  e t h m o l  end o r o t i c  a c i d .  5.,14,22 

I n d i r e c t  evidence f o r  t h e  possible r o l e  of 1 iFope rox ide t ion  has beeri 

a v e i l a b l e  for a n m t e r  of y e a r s  fron experiments in vh ich  t h e  a c h i n i s t r a t i o n  

of a q t i o x i d m t s  such as B t ocophe ro l  End DPFD m e l i o r a t e d  t h e  k e p e t c t c x i c  

e f f e c t s  of CClh et bo th  t h e  h i s t o l o g i c  and b i o c h e n i c s l  l e v e l s .  
\ 

7 ,9  - 
Q 
W Kore r e c e n t l y  , Rechnap,el and Gkosk,al 23y24 showed' t h a t  C C l 4  a c t e d  i n  v i t r o  
F 
9 
ur 
6 

and i n  v i v c  as e. prooxiC~-nt  f o r  nicroscmal  l i p i d s .  . Inc reased  l e v e l s  of 

l i pope rox ides  have t e e n  four;d i n  l i v e r s  of rets t r e a t e d  with e t h e n o l  o r  

" T h i s  pe?er i s  t;:.sed on work p e r f o m e d  under L 'n i t ed  Etetes A t o d c  
. 
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chnr&cterizt J L:: nei:tral f n t  accumulation. 

t h a t  t'r.e e f f e c t  or  T37Kp c o c l ~  Le m t l i o r z t e d  by p r i o r  treatme;:t cf t h e  

anirels u i t t ,  t u t y l a t c d  hy~roxy to1ue r . t  (5 l iT ) .  

e f f e c t s  o f  237Kp v e r e  y r e v i o u s l y  s t u d i e d  h i s t o l o g i c a l l y .  

I t  vzs elso derzonstrctee 

18 . The'se rccrph2loLic 

The preser.t 

invesiirstion v s ,  t h e r e f o r e ,  i n i t i e t c d  t o  d e t e r z i r x  if t h e  u l t r k -  

s t r u c t L r e  o f  t h e  h e p a t i c  c e l l  e l so  underwezt chzn,c,zs a n e r  237Kp eLr, i r , iz t re t ion 

v h i c h  v e r e  s i r i 1 r . r  t o  t k o s e  produced by o t h e r  hepa to tox ins .  

k l t e r c t i o n s  i n  the rouKh endoplasnic  r e t i c u l w .  ( R E R )  v t r e  ckserved 

2 37 i n  t h e  l i v e r  from Ep-treated ra ts  du r ing  t h e  e e r l y  pheses  of tLis 

i c v e s t i g a t i o c ;  t h e r e f o r e ,  E s tudy  was nede of t h e  l o c a l i z e t i c r  cf Elucose- 

6-Fhosphatese vt,ici: v e s  consider22 as a xizrker e 3 2 p t  f o r  t k e  EEF. 
- 32 

Cerbor. t e t r e c h 1 c L r i $ t  has t e e n  r e p o r t e d  t o  ceuse dec reases  in t h e  l e v e l s  

of  t h i s  e n z p e  25 b u t  e f f e c t s  on t h e  s u b c e l l u l m  l o c e l i z a t i o n  havr cot tee:! a 

r e p o r t e d .  The e f f e c t  of  EI!T ori t h e  l o c e l i z a t i o n  of G-6-Pase vas exa;rir.ed 

in ar, Ett.enpt t o  exl'lciin t 5 e  .me l i c re t i r . g  e f f e c t  of  t h i s  e n t i o x l d e n t  oc 

t h e  t o x i c  e c t i o n  of 237Qp. 1L I n  e d d i t i o n ,  t h e  i n c o r 2 o r a t i o n  of  C-Leucine 

i n t o  h q e t i c  and p1esrr.c' p r c t e i r s  xes s t u d i e d  t o  determine if t 'he zorpholcETc 

a l t e r & t i o n s  i n  t h e  3F.E ve re  accor?penied by chenges i n  p r o t e i n  s y n t k e s i s .  

e i t h e r  1: o r  21: ~?.p/kc of  Lody u e i p h t  of 237Kp as t h e  c i t r a t e ;  t h e s e  

w i t h  

rets 

a;ld 8 hours sukseq1ief.t t o  237&3 i n j e c t i o n  and s e c r i f i c e d  24 h a i r s  a f i e r  



I 

.. 

af ter  i r .Jc 'c t ion.  

E l e c t r o ~ .  ?llcroscoyy: 

The t i s s u e s  t o  be studied m o r p h o l o z i c d l y  vere f i x e d  i n  1% g lu ta re ldekyde  

on 0.1 !4 cficoi$late b u f f e r  (pli 7.3) f o r  1 hour a t  b°C, p o s t f i x c d  ir. 

20 osmiurr, t e t r o x i d e  f o r  3 hour a t  hoc ,  d e h y d r e t e d  i n  e t h e n o l  end ex%edSe2 

i n  E p ~ n . ~ ~ .  For t h e  cyicLher,ical  s t u d i e s ,  t h e  t i s s u e s  vere i n i t i a l l y  

fixed ic 1; .Klutere-ldft:,y6e as ebove, and r i n s e d  i n  0.1 M cacody le t e  

buffer 5: sxcrose a', pTi 7.3 for 2 1/2 hours p r i o r  t o  incubt i t ion i n  neCiu7 

contnining; g>ucose-G-?hosp>ete 35 et 3 7 O C  f o r  13 minutes .  A S e r  i n c u % e t i c n ,  

the t i s s u e s  % e r e  r i m e ?  t*n.ict i n  t h e  suc rose  c o n t e i n i n ~  buffer e n t  pos t -  
- 

20 fixed in os:Gm tetroxide, dehydrated m d  ez3edded is a3ovz. Tn in  
... 

s t c t i o c s  v e r z  c u t  v i t h  e d i m o n d  k n i f e ,  s t e i n e i  v i t h  urenyl  a c e t e t r  end 

l e i d  c i t r e t e  a m d  e x c L r . c d  i n  an RCAoEXC'-2C o r  -3: e l e c t r o n  n i c r o s c o p .  

P ro te i r .  Zyit3esis : 

i k  The incorporaticn of C-labeled l e u c i n e  i n t o  l i v e r  and p l a s m  

proteixis vzs met2 as ti meesure  of p r o t e i n  s y n t h e s i s .  Female rets vere 

i n J e c t e 2  v 5 t h  1 2 c e l e d  &?,in0 a c i d  e i t h e r  5 o r  21; hours e f t e r  237P;, 

(12 rq/>.z % D a y  v..e:gtt) a L T i n i s t r a t i o n ;  plasrra end l i v e r  s m g l e s  v e r e  

obteineE one >our l a t e r .  The l i v e r  smqles  v e r e  homogenized' i n  v e t e r  and. 

the prote.T,ns n r c c i p i t g + e d  by t h e  eadition of E?? equel  voltme of 3.0: TCP.; 

TCA was r?E?zZ d i r e c t l y  to tk,e plesna smqles. 

once  esch vltt! T C A ,  e tkancl :  

'then dissoLve3 ir, C.5 Ti 1:nCIl. P r o t e i n d ~ " ' i P . i n s t i o n s  v e r e  Ferfomed 

The p r e c i p i t a t e s  v e r e  vesfie3 
t 

e t h e r  (3:1), a d  e t h e r ;  t h e  protein X'ES 

e by t h e  3iuret methoz. 
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1 ryese::ce o f  2371;p i n  t?Se l i v e r  acd plcsnc snrr,;des r : t c t s s i t e t c d  

t h e  convcrsicn of t t ,c prcteir, s r r ~ p l e s  t o  co, 2 b c f o r c  counticp, to e l i r i I . C t e  

t h c  corLtritutio1: frcn, 

the mcthod of K e l l y  

pape r ,  d r i e d  m d  ccxbcsted i n  an atn.osphere of oxyGen. l'ne CC2 produced 

wcs ebsorbed i n t o  a mixture of ethcnole-mine and .e thano1  (1 :2 )  and an 

a l i q u o t  counted i n  a l i q u i d  s c i n t i l l a t i o n  coun te r  usir:p 4 s c i n t i l l a t o r  

s o l u t i o n  of  3 Frats cf t e r p h e n y l  and G.03 F r m s  POPO? dissolve2 oce 

l i t e r  i n  t o l u e c e .  

contarr.inatior. fror;. 237bp t o  less t h a n  0.1;. 

32;r. 
r ,~. .  ?i,is vns eccoxplisl .ed by m o d i f i c a t i o n  of 

in vnich t h e  smm:plcs were placcd on blHck f i l t e r  13 

?his procedure prover! extremely e f f e c t i v e ,  reAxcln,- 

RESULTS 

The subcel1ule.r xxorpnology , o f  t h e  c o n t r o l  ra t  hepa tocy te s  Y E S  

. e s s e n t i a l l y  i e c n t i c e l  t o  t h a t  r e p o r t e d  f o r  l i v e r  c e l l s  i n  t h e  l i t e r e t u r e .  

T h e r e f o r e ,  a p n e r e l  d e s c r i p t i o n  of t h e  hepe tocyte  will be o x i t t e 2  en6 

t h e  r tedcr i s  r s r e r r e d  t o  revie;*s by Novikoff and Essner  21 and E o u i l l e r  

and Jezeque l  3a f o r  t h i s  i n f o r c a t i o n .  

S t r u c t u r e 1  A l t e r a t i o n s  I rduccd  by -- 237b~: 

The c u r l i e s t  chenpes i n  hepe tocyte  s t r u c t u r e  of 2371<p-treeted rots 

. were d i l e t e t i o n s  of t h e  rough endoplasr. ic r e t i c u l u n  (Fig. 1) observed 

a t  3 hours  after t , r ea t r e r . t .  These d i l s t c t i o n s  which a r e  tfrrr.eZ "Crescents" 

beceuse cf t h e i r  c h e r e c t e r i s t i c  p r o f i l e s ,  vere r o u t i n e l y  p r e s e n t  a t  3 hours 

b u t  r e r e l y  seer k t  24 hours a f t e r  2372p i n J e c t i o n .  They were apprcx ine tek '  

0.2 u wide a r d  1 

t r a n s p a r e n t  by t h e  c e t 5 c d s  of  p r e s e r v a t i o n  used i n  t h i s  s tudy .  The 

long or.6 t h e i r  i n t e r i o r s  always eppeered e l e c t r o n -  - 
a 
W 

' U F  

a 
us 
4 

' c r e s c e n t s  were d i s c r e e t l y  l o c a l i z e ?  i n  e f e r  c i s t e r n a e  of t h e  rough 

endoplasmic r c t i c u l u c  and t h e  g e n e r a l  p c r e l l e l  o r i e n t a t i o n  of c i s t e r n e l  

s t a c k s  vas rr.siztair,eC ( T ~ F , .  1). The r ibosoze  p o p u l a t l c n  of t h e  me;..krar.es 



an c,-r&rent decrease ir. r i b a s w e  nilr!bei-s r e su l t i r ? f ,  fro= en i nc reesed  

sur fEce  erea of  t h e  c m t r r r - e .  Rough endoplasmic r e t i c u l u i  c i s t e r n e e  

contir.uous wi th  and ad:accnt t o  t h e  c r e s c e n t s  v e r e  morphologicel ly  w e l t e r e d  

t h a t  t'ne u s u c l  c o y ? l e r e n t  of  ribososes ( F i c .  11, Crescents  s i n i l a r  t o  

' t h o s e  i n  t h e  rough ecdo lpnso ic  reticu1I.x v e r e  elso observed w i t ? . i r -  t k e  

n u c l e e r  envelope.  HeFctocyt ts  frcm 2 and 3 hours 237Np-treatei r i t s  

d i d  cot  conts i r ,  i nc rensed  nuX?JPrs of t y p i c e l  l i p i d  i n c l u s i c n s ,  a l t ? : G U g k  

t h e  cr2sc2ri ts  a q f  r e p r e s e z t  an i n i t i a l  l i p i d  eccu -u l t i t i on .  

excep t ion  of t'ne above desc r ibed  c r e s c e n t s  t h e  a r c h i t e c t u r e  of t5e 

h e p t o c y t e  appemed noma1 3 hours after t r e t i t n e n t  end no chulges v e r e  

K i t h  t h e  

* 

observed i n  o t h e r  c e l l u l a r  s t r u c t u r e s .  

I n  r6ts s e c r i f i c e d  a t  22; hours efLer  237Kp, t w o  tyces of bahies, 5 

b o t h  presmc>$y l i p i d  i n  n a t u r e ,  vtre observed i n  t h e  hepa tocy te s .  

t w o  t p e s  of bod ies  vere never found r - i t h i n  t h e  sexe c e l l .  

type vas 6 sphe re  o f  a p p r o x i r e t e l y  1-1: u d i m e t e r  and eppearec! e l e c t r o n -  

The -- 
The f i r s t  

t r e r l s p a r e n t  end r e c t r a n e - l i m i t e d  (Fig. 2 a d  3 ) ;  Tnese bo2ies &e 

f r e q u e n t l y  j o i n e d  i n  an epperer,t a n c s t o c o t i c  c o n d i t i o n  en2 s o c e t i c e s  

observed to be  cont inuous r - i t h  t h e  c r e s c e n t s  i n  t h e  rough e c d o p l s s r i c  

reticul1.m. Hence, t h e  l b i t i n g  mtzkrmc of t h e  e l e c t r o n - t r a n s p c r e n t  

bodies eppeered t o  ke  cont lnuous vith t h e  meiiibrane of t h e  rough erdoplasmic 

r e t i c d m  vie  the menbrane l i n i n g  t h e  c r e s c e n t s .  

. 

- 
u 
W 
F 
9 

- u  
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The second t y p e  of boZy WES electron-opaqus,  0.1-0.5 u i n  ( i i e e t e r ,  

(Fig.  4 e ~ d  5 ) ,  and usually found v i t h i n  t h 2  rough endop lesn ic  r e t i c u l u r '  

a l t hough  t h e y  e l so  occurred i n d i v i d u e l l y  end i n  c l u s t e r s  throughout t h e  

c y t o t l a s n .  

w i t h  t h e  CIclFi ccjrrnlex WP-s observed (F ig .  5 ) .  

An o c c a s i o n a l  a s s c c i a t i o n  of t h e s e  electron-opaque bodjes 

Submers~on of s e c t i o n s  . 



;* ' 

1. . .  

in r.;.lcne for  1 h o u r  t o  cxtrt:.ct 3 i 1 ' i d  ctluscd t h e  electron-cpoquc s t r u c t u r e s  

to bcc0r.e electrcr.-=rnnr;jlilrcrtt (Fig.  6). 

k t  23 hours  p.fter 2371!y i n j e c t i o n ,  t h e  rouch er,doplasziic r e t i c u l z .  

i n  t h e  hepntocyte   as d i s o r i e n t e d  and t h e  i n t e g r i t y  of t h e  p a r a l l e l  srrcys 

ves r a r e l y  mair,tnined. 

re t iculuni  were c10sc;y nssoc ia t ed  w i t h  rnitochondrie ( F i g .  41. 

Cui t c  f r e q u e n t l y  c i s t e r n a e  of t h e  roush  endoplasLZc 

I n  s$ t e  

of t h e  E p p x e n t  6isorpanizr . t ion of t h e  c i s t e r n a e ,  r i bosones  remnirAec! 

C c f i n i t e  s t r u c t u r e 1  e l t e r z t i o n s  i n  o t h e r  c e l l u l e r  s t r u c t u r e s  were hc t  

observed et t h i s  t i r e  pe r iod .  

. L c c e l i z e t i o n  of Gl~icose-G-Ptosphetase: 

I n  c o n t r c l  re.tS, ~iucose- .6-phosphatnse a c t i v i t y  was l c c a l i z e d  v i t h . i r !  

the c i s t e r n r c  cf t h e  rough endoplasnic  reticulurn ( F i g .  7 2 4 2 - ~ 3 ) .  

d e p o s i t i o n  of t h e  -. r e e c t i o n  product i n  smell p t c h e s  d o n g  t h e  l e c g t h  c f  

t h e  ecdop lesn lc  r e t i c u l u a  i s  e r e f l e c t i o n  of t h e  s h o r t  incubet ior .  tirr.e 

used.  CccEsionelly i t  appears  t o  be  l o c a l i z e d  on t h e  i n t e r n a l  f e c e  of  

t h e  mer.brar,es, s u g p s t i n p  t h a t  t h e  glucose-6-phosphLtase i s  a t t e c h e d  t c  

t h e  i e c i t r m e s .  FeEardless  of t h e  p r e c i s e  l o c a t i o n  of t h e  enzyme v i t h i n  

t h e  eridoplesEic r e t i c u l u r  i n  c o n t r o l  e n i ~ a l s ,  it is s e p e r a t e d  f r o K  t h e  

The 

- 

pround s u t s t c y c e  by e 5er.Lrane e n d  t h e  . .  r e a c t i o n  product and VES not found 

f r e e  i n  the C ? h ? l F . S L  or  e s s o c i r t e d . v i t h  any C e l l  o r e e n e l l e  o t h e r  t hen  . .  . 

t h c  rough eridoploscic r e  t iculuni.  

A f i e r  t r e e t n e r ! t  w i t h  EST a l o n e ,  glucose-6-phosphatese l o c a l i z a t i o n  

was similer to t h a t  oSserved i n  t h e  c c n t r o l  animal (Fig. 8) .  

product  L - ~ S  fox,? ir! t h e  roug2. endoplksxic  r e t i c u l u n  end appeared t o  be 

'The. r c e c t i o n  - 
' u 

F 
9 
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.assccir , ted v:t.F, t k . ~  in te r r ;e l  f e c e  of t h e  l i m i t i n g  r.exbrene.. Sim:larly, 

t h e  f i n e  s t r u c t u r e  of  t h e  hepa tocy te s  r e sexb led  t h e t  found i n  c o n t r o l  r a t s  



r e a c t i o n  pl-cjzuct f o r  €.lucosc--t-phos~ii3tnse vas r e r e l y  o5served Uithir .  

t h e  c i s t e r n a e  r;f the endop lns r i c  r t t i c u l u y  

C c c a s l o x a i i y  t n e  p r c c i p i  t a t e  a;pcered t o  be l o o s e l y  e s s o c i a t e 3  k-ith t h e  

e x t e r r - e l  fnco o r  t i , e  mer?.rer.e of t h e  endop lasz i c  reticulu:, b u t  more 

roctinel-; a;i>eared t o  lie f r e e  i n  t h e  grocnd sn3s t eace .  Althcug?i disr la:eZ 

f r o 3  i t s  c r i c i n d  p o s t t i o r .  w i t h i n  t h e  rough endo$esnic re t icula- . ,  tte 

erizjme --xis n o t  found a s s c c i e t e d  w i t h  m y  -. 

(F iE .  9 and 10 2 7 0 3 ~ ) .  

o t h e r  c e l l  o r g m e l l e .  

hours  T r i o r  tc,, ES v e 1 1  as et O , m d  6  GUTS after 2371ip e h i n i s t r e t i c s ,  

e n d  s a c r i f i c e 2  24 hours efter 2375p t r e a t c e n t ,  the  r e a c t i o n  Froduct for 

14 inccrpoze 'c icc  of C-leucine i n t o  l i v e r  a 2  p1esr.a p r o t e i n s  of c o n t r o l  - 

micels thcse r r e t r e a t e d  ' for  5 hours v i t h  1 2  ~ : g / h &  237Bp (Takle ,I]. 

A t  2t-hour r ; r & t r e e t r e n t  v i t h  2371ip r e s u l t e d  i n  a 505 decreece i n  t k e  
, 

i n c o r p c r a t l o n  i n t o  l i v e r  proteins but d i d  n o t  reduce t h e  e c t i v i t y  of .  t h e  

p1as;r.a proteins. 

DISCUESI OH 

The s t r u c t n r d .  alterations fcund i n  n tp tunim- induced  f b t t y  l i v e r s  
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1, 2, 10, 32 
wi t : :  c.t!:er fatty i i v e r  t i p f i t s  ( C C 1 4 ,  e t h i o n i n e ,  o r o t i c  e c i d ) .  

?he f i r s t  ciorpho1ct:icril ir.rticetion of heFcttic i r : j u q .  i s  a disru;;tior! of 

t h e  e x d c p l o m i c  r e t i c u l u r :  iricludirjg the loss of riboso:xs f r o r  t h e  aer'craries, 

d i l a t e d  c i s t e r n a e ,  ecd a loss i n  t h e  i n t e g r i t y  of the c i s t e r n a l  S ~ E C ~ L .  

* A t  e l a t e r  time, l i p i 0  bod ies  a r e  f o w d  i n  i n c r e a s e d  n m 5 e r s .  The cresce::ts 

Kp-ir.2uced f a t t y  l i v e r s  r e p r e s e n t  a s l i c h t  n~orp!:clo,oicd 2 37 t h a t  c c c x  i n  

v e r i a t l c n  f r o n  t h a t  observed i n  f a t t y  l i v e r s  produced by o t h r r  q e r - t s .  

Ci1at ior .s  of t h e  endcjl1cirr.i~ r e t i c u l w ,  t h a t  have been descr ibed  i n  o t k e r  

t y p e s  of  f a t t y  l i v e r s  l uck  t h e  very d e f i n i t e  structure d i s p l e y t d  

c r e s c e f i t s .  The fur ic t ionel  s i p i f i c m c e  of t h e  c r e s c e n t s  i s  not  %~.cv:. 

the 

R l t h c t x h  t h e  d i r e c t  c o n t i n u i t y  between t h e  c r e s c e n t s  and t h e  e l e c t r m -  

t r e n s p r e n t  l i p i d  bodies  s u E & e s t s  t h e t  t h e  c r e s c e n t s  nay re;;reser.t art 

initial m a n i f e s t a t i o n  of l i p i d  a c c m u l e t i o n  i n  t h e  l i v e r .  

- 

We sugges t  ~ t h a t  botii t h e  electron-opeque and t h c  e l e c t r o n - t r e n s ~ e r e r I t  

bodies t h a t  were observed i n  t h e  21; hour  23*flip-treatec? r,ets 2~ l i p o i d a l  

i n  xia,ture wi th  their d i f f e r e n t  e l ec t ron - . c?ecs i t i e s  reflecting d i f f e r e s t  

chezical C h a r a c t e r i E t i c s .  The t v o  types of bod ies  e r e  never  f e u 2  ---itkiG 

t h e  saxe c e l l  sugqes t inE  t h c t  d i f f e r e n t  ereas of t h e  l i v e r  l o b u l e  r6y t r  

engeged i n  t h e  c y n t h e s i i  of  d i f f e r e n t  t-ypes of l i p i d .  Unfortur ie te ly ,  

t h e  present s t u d y  d i d  n o t  d i f f e r e n t i a t e  between the p e r i p h e r a l  ETLE 

. c e n t r e 1  recioris of t h e  l i v e r .  
'.. 

E l e c t r o n  m i c r o s c o p i s t s  have noted  f o r  a nvmber of y e a r s  t h e  presence  of 
0 

e lec t ron -dense  Frt;r.cles of 800-1000 A d i e n e t e r  a s s o c i e t e d  wi th  t h e  Gclgi 

a p p a r e t u s  endoplacrric r e t i c u l m  m d  t h e  space of Disse 3, 34 i n  ra t  l i v e r  

11 - 
cells. Jones  e t  a i . ,  found En i n c r e e s e z  n m k e r  of t h e s e  grenu:es a f t e r  CI 

W 

9 
a- 
W 

perf'usicn cf' t h e  l i v e r  w i t h  E l i p i d - r i c h  medium er.2 concIi!?ed t h e t  t h e y  
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WCIY l i p o p r c t c i n s .  

witil 2371;'p i n  t h e  r:reseEt s tudy vc re  a l s o  6ssocic.tcd with Loth tile 

7 he electron-cpnquc t c d i e s  i n  t h e  l i v e r s  of riits t r c a t e d  

of Disse.  ".'hese t c d i e s  KEY c o n s i s t  of l i p o p r o t e i n s  vhich o c c u ~ u l  & t e  

f- i n  t h e  hepetocyte  d w  t o  a f a i l u r e  of t h e  s e c r e t o r y  Dechenisx. &his 

specKle t ion ,  if proven, would h e l p  t o  exple in  t h e  niechanism o f  f k t t y  

l i v e r  developr;.ent a f t e r  23'1:p a d m i n i s t r a t i o n .  The p r e s e n t  deta i s  

i n s u f f i c i e n t  t o  conf im.  t h i s  hypo thes i s .  

The n a t u r e  cf t h e  e l e c t r c r i - t r a l s p e r e n t  bodies i s  l e s s  c l e b r .  It i s  

. p o s s i b l e  the.% t h e  c o n t e n t s  of t h e s e  b o d i e s ,  es vel1 as t h e  con ten t s  of 

the c r e s c e n t s ,  have been e x t r e c t e d  by o u r  method of sernple p r e p a r a t i o n .  

The c o l l a p s e  of  t h e  c r e s c e n t  riemtrane, which vas a c h a r e c t e r i s t i c  f indir .g ,  

l e n d s  sup?ori t o  t h i s  hypo thes i s .  

t h e  clectrerl-trarisp€,rect  Lod ies  would be  p r e s m e d  t o  con te in  f eve r  

u n s a t u r a t e 2  l i p i d s  t h e n  t h e  electron-opaque bod ies  by v i r t u e  of t b e i r  lsck 

If  t h e  con ten t s  have n o t  been l en rhed ,  
- 

* of osmium upteke.  

I n  En;. c e s e ,  the f o r m t i o n  of t h e  e l e c t r o n - t r e n s p a r e n t  bodies  s e e r s  

t o  be  d i r e ' c t l y  a s s o c i e t e e  v i t h  t h e  enduplesc?ic r e t i cu lum end does c o t  

appeer  t o  r e q u i r e  t h e  Golgi conplcx. 

An i n h i b i t i o n  of  p r o t e i n  s y n t h e s i s  hes t e e n  c a u s e l l y  e s s o c i a t e z  

31 , 32 w i t h  t h e  f e t t y  l i v e r s  cbserved af ter  a d x i n i s t r e k i o n  of C C l 4 ,  

e t h i o n i n e  ,35 puromycin 27 and o r o t i c  a c i d .  37 This  i n h i b i t i o n  of. p r c t e i n  

s y n t h e s i s  hEs been shovn, e s p e c i e l l y  i n  t h e  case of C C l 4 ,  t o  be  r e l a t e 2  t o  

L ' 2enudation of t h e  e n d c p l a s s i c  r e t i c u l w .  VES l e s s  t h e n  r e p o r t e d  by Smuckler 
0 
W .  
ct 
d? 
U 
E 

e t  al.32 e n e r  CCl,, a d r i c i s t r e i i o n  t o  r a t s .  I n h i b i t i o n  of 14C-leucine 

i n c o m o r a t i c n  i n t o  e i t h e r  l i v e r - o r  plasma p r o t e i n s  vos a l s o  less thm 

r e p o r t e d  f c r  o t h e r  l iepatotoxins  which w o u l d  c o r r e l e t e  w i t h  t h e  morphologic 



0 

noted t h a t  i::divi?u:tl f r a c t i o n s  s u c h  os t h c  lov d e n s i t y  l i p o p r o i c i n s  

28, 2? t h a t  vere not a::nlyvzcd. I t  hes  t e e n  s h w n  by Poheim et e l .  

i n c o r p o r e t i o n  of a Inbeied minc c c i d  i n t o  p l a s n  l i po r l ro t e ins  m y  be 

i n h i b i t e d  v i t k o u t  o v c r n l l  i n h i b i t i o n  of p r o t e i n '  s y n t h e s i s .  

Since t h e  endop?a.sc:ic r e t i c u l w  zppearcd t o  r e t e i n  a t  l e a s t  s m e  cf 

i t s  c o r p h o l o e i c a l  2nd f c n c t i o n d  c h e r a c t e r i s t i c s  as i n z i c a t e d  by t k e  

presence of r iboso rcs  Eznd t h e  ay ino  a c i d  i n c o r p o r e t i o n  da te ,  v e  ex&r,,ir!eC 

ano the r  m e s u r e  of  t h e  i s t e g r i t y  of t h i s  c r g m e l l e .  The l o c a i l z n t i c n  cf 

~ l u c o s e - 6 - ~ h o s g h c t o s e  a c t i v i t y  ves s e l e c t e d  because t h i s  en2:irr.e is 

a s s o c i s t e z  v i t h  t h e  endQplrts3ic r e t i cu lum end because it can ke 2 e t e m i n e 2  

wi th  r e l a t i v e  ease ly e l e c t r o n  rr.icroscopic c y t o c h c e i s t r y  , Thc confinement 

of G-c-r'ase w i t h i n  t h e  c i s t e r n a e  of t h e  endoplasmic r e t i c u L m  i n  coi i t rol  
. -- 

. 
hepa tocy te s  i s  ir. e,:rterr,r.nt with t h e  concept t h a t  t h i s  erizymt is a marker 

enzj-r;l.e o f  ti:is orce:.elle. 

c i s t e r n a e  cf tke  e r d c p 1 c s r . i ~  r c t i c u l m .  by t h e  a d E i n i s t r a t i c n  G f  

'?he d i s p l a c e c e n t  of G-6-Ptise .from vitk.-.in tke 

237,._ ..= 
su,-,r,ests thF-t mejcr d t e r e t i o n s  heve occur red  i n  t h i s  s t r u c t u r e .  XlthcuZh 

i t  h e s  Leer. r e p o r t e d  p r e v i c u s l y  t h a t  CC14 t reatment  dec reases  t h e  t c t e l  

G-6-Fose e c + i v i t y , 2 5  t;&e k:as :lot been t o  o u r  k n c v l e Q e  a r q o r t  of  a 

chenp,c i n  t h e  i n t r a c r l l u l z r  l o c a l i z e t i o n  of t h e  er,zyrr,e due t o  the a d n i r i i s t r e t i o n  

of R hegototoxi- .  

P rev ious  .Gctr)c i n  t h i s  l h b o r e t o r y  shoved t h a t  EHT i n h i b i t e d  l i v e r  

l i p i d  accur.i i let icn a f t e r  237fip e d x i n i s t r E t i o n ,  although it d i d  not  prever. t  

t h e  r ise i r .  l e v e l s  cf i s o c i t r i c  dehydrogenzse o r  g l u t m i  y r u v a t e  t r a n s -  

m i n e s e  l e v e l s  f m n ?  i n  t h e  s e r w  of 2 3 7 K p - t r e e t ~ d  ra ts .  

s t u d y ,  N ! Y  preventcc? t h e  d i s p l a c e z e n t  of G-6-Past from t h e  c i s t e r n e e  of t k e  E?. 

+J 

18 I n  t h e  p r e s e c t  
I .  
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cf heyntocLitt. fror;: r a t  s e c r i f i c e d  3 hours a f t e r  237Kp t r e a t r t - r . t .  

The col le; lce  cf t h e  xenbrane 1 i r r . i t i r . G  t h e  c r e s c e n t  (P-rrovs) i s  

t h o u E K t o  be  t h e  r e s u l t  of d i s s o l u t i o n  of.the c r e s c e n t  c o n t e n t s  

durinF, s r r i p l  e p r e r a r a t i o n .  Ribosomes a x  p r e s e n t  on t k . e  nmhrar .e  

men breries errctrs  t o  Le reduced es compsred t o  "ty$cel" rouEk: 

ericoplRznic re t iculur? .  The r o x h  endoplesnic  reticulu-ii  t?.at l s  

continuous w i t h  t h e  c r e s c e n t ,  as vel1 as t h e  ad jacen t  c i s t e r z n l  

e l m e n t s ,  appear  ForpholoEicel ly  u n a l t e r e d  ezd possess the u s u e l  

cotzplerent of  ritoscmes. 

Figure 2. Electron-trar .spzrent  l i p i d  bod ies  (L) i n  hepatocyte  cf 24 

hour  237Gp-trcated --. ret. 

w i t h  each otf..cr nr,d v i t h  c r e s c e n t s  ( C )  i n  the rough endop lese l c  

r e t i c c l u r .  . 

Eevera l  l i p i d  bod ies  ere slior.sl t o  ke  contir\.c:ous 

. 

I 

T i p r e  .3. The rr,crphc;loEical relationship between t h e  e l e c t r o n -  

t r a n s p E r e n t  1 i r i d  bod ies  ( L )  an2 t h e  c r e s c e n t s  (C) i n  he?etccyte  

of 24 hour  237?lp-trceted ' rat  i s  shovn. Eoth t h e  c o n t e n t s  end t k e  

rr.emkrar.es of tk.ese s t r u c t u r e s  ere cont inuous.  

F igu r s  h .  Flectrcn-cFaque l i p i d  b o d i e s  ir. hepa tccy te  'o f  21: hour 2371i;- 

t r e o t e d  rat ere shcr-n w i t h i n  t h e  rough endoplesnic  r e t i c u l m  (e?rovs) 

vk ich  i s  frequeri t ly  a s s o c i a t e d  w i t h  n i t o c h o n 2 r i a  (b?) . E i n i l a r  

e lectron-opeqc l i p i c !  bod ie s  ( L )  a l so  occur i n d i v i d u c l l y  and i n  

c l u s t e r s  t5roz;phout t h e  cytoplasm. 
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237 the electron-o;jet;ue bod ies  i n  hepatocyte  of 24 hour  l ip- t reeird 

r a t .  

ornque s t r u c t u r e s  becare  e l e c t r o n - t r a n s p a r e n t  . 
The s e c t i o n  vas su lxe rge?  i n  xylene f o r  1 hour a112 t h e  e l c c t r c n -  

Cozpere wit5 F i p r e s  

1; ar.d 5 .  

F i g u r e  7. .Glucose- 6-p50s!;tLatese l o c a l i z a t i o n  i n  hepEtocyte f rm c o n t r c l  

rat. 

t h e  rough r n 6 o p i e s c . i ~  reticulur?. end i s  no t  a s s o c i a t e d  y i t k  62:; o t h e r  

c e l l u l e r  o r c a z e l l c  . 

The r e a c t i o n  p rozuc t  occurs  i n  t h e  i n t r e c i s t c r n a l  portior.  of 

F i g u r e  E. Gluccse-ii-pi;osp~;etnr;e l o c a l i z a t i o n  i n  hepatocyte  f r o n  r a t  

t r e e t c d  only v i t h  t h e  p-ntioxieent EH';. 

con f ine6  t o . t h e  roueh endo2lasnic  re t iculum. 

Tine r e e c t i o n  product  is 

F i k u r e  9. Survey e l e c t r o n  u:icrogr&ph of glucose-6-phosphetest l o c e l i z a t i o n  

i n  h t p s t o c g t e  frcr. 21; hour 237Kp-trected ra t .  

is n o t  found v i t h i n  t h e  rough rndop lesx ic  r e t i c u l m  nor  w i t h i n  e?:= 

o t h e r  c e l l  o rEanel lc  inc luE ing  m i t o c h m d r i a  ( h i ) ,  r i c r o b o d i e s  ( I % ) ,  

Tne r e a c t i o n  p r o i u c t  

t h e  nucleus (K), Golei  coii!plex ( G )  er,d l i p i d  bodies ( L ) .  

F igu re  10. Glucose-6-phosyhatase 1 o c d i z E t i o n  i n  hepa tocy te  frorn 24 hour  

237Ep-treated ra t .  

c i s t e r c a e  of t h e  rough e n d o p l e s i i c  r e t i c u l u n ,  however, i t  c2-Y be 

observed i r .  t h e  cround subs t ence .  

The r e a c t i o n  pro2uct r e r e l y  occur s  v i t h i n  the 

Figure  11. Glucose-b-phos?hntese l o c e l i z e t i o n  i n  hepatocyte  of ret t r e a t e C  

r e e c t i o n  product  occurs  w i t h i n  t h e  c i s t e r n a e  of t h e  roueh endoplzsmic 

1 0 3 4 9  
re t iculurr ;  an2 n o t  i n  t h e  ground su5stence.  

h l  
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