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UNITED STATES 

OAK R I D G E  O P E R A T I O N  

O A K  RIDGE, T E N M E S S  

Contract Division 

REQUEST FOR CONTRACT ACTION 

I t  i s  requested tha t  you take the necessary s teps  t o  protes 
following described contract  action ( C A ) :  

, I  

1 d A  
7 ,  

1.  

2. 

3 .  

4. 

5. 

6. 

Nature of Action Requested: 

[ ] Selection o f  New Contractor and/or Negotiation of Contract 
Number: 
Contractor: 

[X  ] Modification o f  Contract 
Number: AT-(40=1)-4002 
Contractor: Texas Tech University 

Nature of Services To Be Covered by Contract: 

Tit1e:"'the Effects of X-irradiation on the mn 7estls: 
Hlcroscopic Cytochwicat StudyR 

Type o f  Contract: 
[X ] S u p p o r t  Agreement [ ] Cost Type [ ] Other 

Amount of AEC Funds To Be Obligated by this CA: $9,000 

AEC Percentage of Est. Total Cost To Be Shown by this CA: 75% 

Description of Other Changes To Be Covered by th i s  CA: 

Research 

Electron 

[:Cp - 3  3 - q?? 
! 

f 
WdWy the contract t o  provide for the performance o f  8ddftlona1 rasearch 
to be compfebd durin tha period hrch 1 1972 through €eb.ruary 28, 1973. 

k, equipment shall vest i n  the Contractor under nuthorlt:' C AEC Act o f  

1 

*il L' 

" i  4 7 

fncrease the AEC Cunu 9 at ive  Support &fl ing  Pron $43,304 to  $52,304. T f t l e  

'/dl 954 

Q!& ! 
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I' Y 
I 
1 7. Author4  ty: 

\ Form AEC-481 (CA) fnn 3. R. Totter, HQ, i 
dtd 2/7/72 i 
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TEXAS TECH UNIVERSITY CONTRACT NO. AT- (40-1 )-4002 

AP PE NG I X "A 'I 

For the Contract Period March 1 ,  1972 th rough  Augus t  31, 1972. 

ARTICLE A-I BESEARCH TO BE PERFORMED BY CONTRACTOR 

The Contractor will conduct an electron microscope cytochemical 
examination o f  t issues  from normal human t e s t i s  materials which 
have received X-irradiation i n  the dose ranges o f  20, 75, 200, 
and 600 rad .  
several months following i r rad ia t ion ,  t o  define the enzymic 
local izat ions t h a t  occur d u r i n g  a number of phases, i . e . ,  
spermatogonial degeneration and the recovery process when the 
seminiferous tubules are  repopulated w i t h  the spermatogenic 
cel l  se r ies .  Location of enzymes will be compared i n  the 
irradiated material with the s i t u a t i o n  i n  the normal t issues .  
Enzymes t o  be examined include acid phosphatase, thiamine 
pyrophosphatase, glucose-6-phosphatase, inosine diphosphatase, 
and various other nucleoside d i -  and triphosphatases. Effects 
of i r radiat ion on subcellular structures will also be studied. 

Samples will be obtained from a few minutes to  

The Principal Investigator, Dr. Jerry D.  Berlin, expects t o  
devote approximately 20% of his time or e f fo r t  t o  the project. 

ARTICLE A-I1 WAYS AND MEANS OF PERFORMANCE 

( a )  Items Included i n  Total Estimated Cost: 

I .  

Salaries and Wages: 

Principal Investigator 
4 Research Assistants 

Employee Benefits : 

Suppl i es and Material s : 

Chemicals, gl assware, electron microscope p 
photographic suppl i e s ,  diamond knives, e tc .  

Equipment t o  be Purchased or Fabricated 
by the Contractor: 

- a Equipment Estimated to  Cost Less t h a n  $1 

None 

- b Equipment Estimated to Cost i n  Excess of 

None 

Travel : 

Publications and Communications: 

$5,653 

31 5 

1,559 

ates , 

000 : 

$1,000 : 

0 
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TEXAS TECH UNIVERSITY 2 '  CONTRACT NO. AT- (40-1 )-4002 

(7) Elec t ron  Microscope Serv ice  Contract :  $1,600 

(8) I n d i r e c t  Costs(Fixed a t  37.6% of S a l a r i e s  & Wages): 2,126 

Items, i f  any, S i n g i f i c a n t  t o  the Performance of  th is  
Cont rac t ,  b u t  Excluded from Computation o f  Support  Cost 
and from Considerat ion i n  Proport ioning Costs:  

(1)  Items t o  be Contr ibuted by the Contractor :  

No ne 

Items t o  be Contr ibuted by the Government: (2) 

None 

Time o r  E f f o r t  o f  P r inc ipa l  I n v e s t i g a t o r ( s )  Contributed 
by Cont rac tor ,  bu t  Excluded from Computation of Support 
Cost and from Considerat ion i n  Proport ioning Costs:  

None under th i s  paragraph 

ARTICLE A-I11 The t o t a l  es t imated  c o s t  o f  items under A-I1 ( a )  above 
f o r  the c o n t r a c t  per iod s t a t e d  i n  th is  Appendix "A" is  
$11,953; the Commission will pay 75% of  the ac tua l  c o s t s  
of these items incur red  dur ing  the  c o n t r a c t  per iod s t a t e d  i n  
th is  Appendix " A " ,  subject t o  t h e  provis ions  o f  Article 
I11 and Article B-XXVII. The est imated AEC Support Cost f o r  
the c o n t r a c t  per iod s t a t e d  i n  th is  Appendix "A" i s  $9,000, 

I 0 3 4 8 3 9  
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AECPR D-4.81 1. DATE 

I U. S. ATOMlC ENERGY COMMlSSfON 
CONTRACT 'AUTHORIZATION . FEB 7 W2 

I 

2. AUTHORIZATION 
NO. 

B*?2-602 
S.A. TO 

R W t  J. bet, npMcter 
. St@e Operutions O f f f t e  

&A. CONTRACTOR (None. Addrna, Dcfartmcn't, rtc.) 

Mote: Tbir contract hau been approve& for 12 mmtb with frtad. prov2ded 
by this authorfurtion for ais aroatb. Rmds for the mtbeeqpccnt 
contract pried will be i r d  fn ET71 prtat to August 31, 1812. 

S.B. FROM 

joha Ra 'tbttcr, Dfreet6r 
Dioirioa o f  Biology d MLsb 

4.8. PRINCIPAL INVESTIGATOR ( S )  

16. SCOPE OF WORK 

5. 6. TERM O F  CONTRACT 

'c NEW CONTRACT EI RENEWAL OTHER 3/1/72 $/31/M 

0 OTHER 

8. RECOMMENDED TYPE OF CONTRACT: 0. EQUIPMENT TITLE TO VEST IN: 

0 AEC 
@ CONTRACTOR 

0 FIXED PRICE 

0 COST REIMBURSEMENT 

@ SPECIAL RESEARCH SUPPORT AGREEMENT ( S R S A )  

I034840 

7. CONTRACT NUMBER 

AT(40-1)-4002 
1 0 .  SECURITY CLASSIFICATION: 

Work to  be performed is under c a t e g o r y 1  
as defined by AEC Manual Appendix 3401. 

...... . . . . . . .  
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We d a h  you every 8ucc.m in ptrr wrk. 

Siacrrely , 

Bee: Oak Ridge Operat ions Office / 



1 .  Budget:  From March 1 , 1972 t o  .August 31, 1972 

Es t imated Requirements -- 
Texas Tech 
Un i ve r s  i t y  

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

A s s o c i a t e  P r o f .  $1711 p e r  month 
(1/5 t i m e  f o r  6 months) $ 2,053.00 

b.  Graduate A s s i s t a n t s  
Graduate A s s i s t .  (1 /2  t i m e  f o r  3 months) 
Graduate A s s i s t .  (1/2 t i n e  for  3 months) 
Graduate A s s i s t .  ( f u l l - t i m e  fo r  3 months) 
Graduate A s s i s t .  ( f u l l - t i m e  fo r  3 months) 

c .  F r i n g e  B e n e f i t s  ( O A S I :  5.2% o f  s a l a r i e s :  
Group Insurance f o r  J .  B e r l i n  a t  $3.50 p e r  
man month) 128.00 

2 .  Supp l ies  and M a t e r i a l s  
a .  Chemicals 
b. Glassware 
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  photograph ic  s u p p l i e s  
e .  Resharpen diamond k n i v e s  
f .  O f f i c e  s u p p l i e s  and misce l laneous 

3.  C a p i t a l  Equipment: None Requested‘ f o r  3 r d  Year 

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

5. Communication 

6. T r a v e l  

t o  S e a t t l e ,  Washington 

7. H i t a c h i  E l e c t r o n  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 37.6% of s a l a r i e s  and wages 
i n  accordance 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  
DOD TDS 66-67 772.00 

A t o m i  c Energy 
C o m i s s i o n  

$ 810.00 
810.00 
990.00 
990.00 

187.00 

359.00 
150.00 
300.00 
200.00 
500.00 

50 .OO 

300 .oo 

50 .oo 

350 .OO 

1,600.00 

1,354.00 

TOTAL PROJECT COST $1 1,953.00 

Precentage and Amount C o n t r i b u t e d  by 
Texas Tech U n i v e r s i t y  24.7% 2,953.00 

Percentage and Amount Requested f r o m  
t h e  AEC 75.3% g,ooo.oo 

1 0 3 4 8 U  
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Office of Research Services 
P.O. Box 4670 

Texas Tech University 

February 15, 1972 

Mr. C .  S .  Shoup, Chief 
Research Contracts Branch 
Laboratory and University D i v i s i o n  
U. S.  Atomic Energy Commission 
Oak Ridge Operations 
P.O. Box E 
Oak Ridge, Tennessee 37830 

RE; Contract No. AT-(4Q-1)-4002. 

Lubbock, Texas 79409 
Phone (806) 742-6247 

Dear Mr. Shoup; 

Enclosed please f i n d  s i x  copies of t h e  revised budget request for the 
renewal of the above referenced contract. T h i s  revised budget is based on 
both the AEC Support of $9,000 for  the s i x  months period and the support to  
be contributed by the University. 

I f  we can be o f  any service or  assistance,  please cal l  on us. 

S i nce re 1 y 

F E B  : s w  

Enclosures ( 6 )  0 K 
C C ;  Comptroller 

Dr. Berlin 

1 0 3 4 8 4 3  
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Dr. rterry D, Berlfn 
Department o f  Bblogy 
Texas Tech lhrhdty 
Lubbock, Texas 79409 f 

COrCtM" Ho. A1-(40-1)4002 

Dear b. Berlln: >: ~ . ,K'OII< 

I 
Please refer to ely tetter o f  February 8, 1972, concerning the renewa'l 
o f  the above contract. 

Ue bave mcelved wltten authorlratlon from AEC Headquarters to extend 
the pdod  under the contract trorti Harch l 8  1972 through February 28, 
1973. However, due to the shortage o f  fl 1972 funds, wf! have been 
authorized to fund only the f t rst  s l x  months o f  t h e  contract perlod and 
a t  a 'level not to exceed $9,000, Me understand t h a t  an a d d i t i o n a l  
$9,000 tdll be made available for the rematnlng six mnths, sometime 
after July 1972. O f  course, the additional funding will be contfngent 
upon the availablllty o f  FY 1973 funds. 

Please pkvide us w i t h  a revlsed budget based on both t h e  AEC Support 
of $9,000 for the six months perlod and the support to be contributed 
by the University. Although the proposed mdtfication to the contract 
will contain a budget for  six months only, we plan:: to revlse the bud e t  
I f  and when the additional funds are received 4x1 cover a one year per!od. 

Please submit a revised budget to th fs  off lce a t  an early date. 
have any questions concerning the proposed modification or the AEC 
fundlng, please l e t  us know. 

If you 

S i  ncerel y , j .  

Of j ' s lNAL  SIGNED F2, b, ! !~  4 - 
JP.MES W. N E H ~  I ACTING 

j3 \.\! *\\ . C. 5, Shoup, C&f&\i! :* -' 

'. ' Research Contracts Branch 
OLE t JDB Laboratory and Unlversfty Div.fston ' 

:---- 
. 

2-9-72 
US. GOVERNMENT PRINTING OFFICE :1969- 0-364-598 

DATE b 
Form AEC-318 (Rev. 9-53) 

. . . . . . . . . . . . . . . .  . .  
- .  
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UNITED STATES 

ATOMIC ENERGY COMMISSION 

O A K  RIDGE O P E R A T I O N S  
P.O. BOX E AREA CODE 615 

O A K  RIDGE, T E N N E S S E E  37830 TELEPHONE 483-861 1 

&gu%e 17, lot1 

We a r e  s u b m i t t i n g  f o r  y o u r  rev iew and a p p r o p r i a t e  a c t i o n  t h e  f o l l o w i n g  
i n f o r m a t i o n  concern ing t h e  c o n t r a c t  which w i l l  e x p i r e  on ~ v W  14, 1971; 

1. Renewal Proposal 
2,  Progress Repor t  
3. F i n a n c i a l  Statement 
4. ZOO-Word Summary 

We s h a l l  a p p r e c i a t e  y o u r  a d v i s i n g  us o f  y o u r  d e c i s i o n  so t h a t  we may 
proceed w i t h  t h e  necessary c o n t r a c t  a c t i o n  a t  t h e  e a r l i e s t  p o s s i b l e  
d a t e  a 

Labora tory  and U n i v e r s i t y  D i v i s i o n  
OLE:@@ Oak Ridge Operat ions 

Enclosures : 
As L i s t e d  Above 

I- Q9 2 

BCt 0. S. Zacbry, w/it cys.  rep^ b F O ~ W  AEWn 
C, S, ShOUp, W/a8* €WI* 
M k 8  @rOWn, Orlo Fjlcl. 

c 
103481r5 . .  

4UG I 'I 1971 
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a Texas Tech University 
Office of Research Services 

P.O. BOX 4670 A u g u s t  12, 1971 
Lubbock, Texas 79409 
Phone (806) 742-6247 

Dr. C. S. Shoup, Chief 
Research Contracts Branch 
Laboratory and University Division 
United States Atomic Energy Commission 
Oak Ridge Operations 
P. 0. 'Box E 
Oak Ridge, Tennessee 37830 

Dear Dr. Shoup: 

Enclosed are  seven copies of a request for  continuing support of a research 
project en t i t l ed ,  "The Effects of X-irradiation on the Human Test is :  An 
Electron Microscopic Cytochemical S tudy . "  T h i s  proposal has been developed 
by Dr. Jerry D. Berlin of the Department of Biology. F u n d s  i n  the amount 
of $18,980 are  requested for  t h i s  program which is proposed to  begin Novem- 
ber 15, 1971. 

Also enclosed are seven copies of t h e  Progress Report f o r  t h i s  project for  
t h e  period November 15, 1970 through November 14 ,  1971, along w i t h  seven 
copies of the Financial S atement fo r  t h e  period November 15, 1970 through 
July 31, 1971. 

You r f avo ra b 1 e con s i de ra t on of t h i s  proposal w i l l  be great ly  appreciated. 

Si ncere 1 y , 

Director 

04 FEB: j b  
Enclosures 
cc: Cornptrol l e r  

Graduate School 
Dr. Jerry D. Berlin 



Texas Tech University 
Office of Research Services 

P.O. Box 4670 

Fl NANC I AL STATEMENT FOR 

THE UNITED STATES ATOMIC ENERGY COMMISSION 

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

Lubbock, Texas 79409 
Phone (806) 742-6247 

1 .  T o t a l  a c t u a l  p r o j e c t  c o s t  t o  d a t e  f o r  t h e  . 
c u r r e n t  p e r i o d  $1 3,737.76 

2. Es t imated t o t a l  c o s t  f o r  remainder o f  p e r i o d  $12,355.40 

3 .  T o t a l  a c t u a l  and e s t i m a t e d  cost  chargeable t o  
AEC f o r  c u r r e n t  p e r i o d  based on percentage o f  
c o s t  agreed upon as c o n t a i n e d  i n  A - I l l  o f  Ap- 
p e n d i x  "A" t o  c o n t r a c t  $20,920.12 z-434L _$q 

4 .  Accumulated c o s t s  chargeable t o  AEC ( i n c l u d e  
cos ts  r e p o r t e d  i n  c e r t i f i e d  s ta tement  f o r  p re-  
ced ing  p e r i o d ( s )  and t h e  c o s t s  s t a t e d  i n  I tem 3 
above) $43,304 .OO 

5. Accumulated AEC Support  C e i l i n g  as s t a t e d  i n  
A r t i c l e  I l l  o f  c o n t r a c t  $43,304 .OO 

6. T o t a l  e s t i m a t e d  AEC funds remain ing  under con- 
t r a c t  ( S u b t r a c t  I tem 4 f r o m  I tern 5) which may 
be used t o  reduce amount o f  new funds r e q u i r e d  
f r o m  AEC f o r  proposed renewal p e r i o d .  $ -0- 

Endorsement : 

V i c e  P r e s i d e n t  f o r  Research and Speci  a1 Programs 

1034843 



SIE NO. I NOTICE OF RESEARCH PROJECT 
SCIENCE INFORMATION EXCHANGE 

SMI THSON IAN I NSTl TUTl ON 

S,SIE-78a e' ' PUWICATION 
BY AEC 

U.S. ATOMIC ENERGY COMMISSION 

SUPPORTING DIV. OR OFFICE: 
NAME & ADDRESS OF CONTRACTOR OR INSTITUTION: (State the division, department, or professional school, medical, graduate 
or o t h e r ~ ~ ~ ~ ~ p r ~ ~ ~ ~ ~ ~ ~ ~ e n t i f i e d . )  

Texas T e b  Oeiwrrity 
tubbwk, T-8 79409 

NAMES, DEPARTMENT, AND OFFICIAL TITLES OF PRINCIPAL INVESTIGATORS AND OTHER PROFESSIONAL SCIENTIFIC 
PERSONNEL: (not including graduate students) engaged on the project, and fraction of man-year devoted to the project by each person. 



RENEWAL PROPOSAL FOR 

THE IJXITED STATES ATOXIC ENERGY C O ~ I I S S I O N  

SUPPORT OF RESEARCH 

P r o j e c t  T i t l e :  The E f f e c t s  of X - i r r a d i a t i o n  on t h e  Human T e s t i s :  An 
E l e  c t  r o n  Micro s cop i c  Cytochemical Study . 

Desired S t a r t i n g  Date: November 15, 1971 

I n s  t i t u  t ion  : Te xa s T e ch Unive r s i t  y 
Lubbock, Texas 79409 

P r i n c i p a l  I n v e s t i g a t o r :  J e r ry  D.  B e r l i n  
Assoc ia te  P ro fes so r  
Department of Biology 

Authen t i ca t ion :  

J e r r y  D.  BJrlin 
. P r i n c i p a l  n v e s t i g a t o r  Vice P r e s i d e n t  f o r  Research 
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PROJECT ABSTKACT 

Normal human tes tes  t h a t  have r ece ived  X - i r r a d i a t i o n  doses  of 20, 78,  

200, and 600 r w i l l  be sub jec t ed  t o  an e l e c t r o n  microscopic  cytochemical 

examinat ion.  

t o  d e f i n e  enzymic l o c a l i z a t i o n s  t h a t  occur  dur ing  t h e  dep le t ed  s t a t e ,  i . e , ,  

t h e  azoospcrmic c o n d i t i o n ,  and t h e  recovery  p rocess  when t h e  semini fe rous  

t u b u l e s  a r e  repopula ted  w i t h  t h e  spermatogenic c e l l  s e r i e s .  I n  p a r t i c u l a r ,  

t h e  t o t i p o t e n c y  o f  t h e  few spermatogonia t h a t  remain i n  t h e  azoospermic 

t e s t i s  w i l l  be determined w i t h  marker enzymes. 

Samples w i l l  be  ob ta ined  from 6 monrhs t o  6 y e a r s  postexposure 

The enzymes t o  be examined 

inc lude  thiamine pyrophosphatase,  i n o s i n e  d iphosphatase  , ac id  phosphatase,  

glucose-6-phosphatase,  and adenosine mono- and t r i p h o s p h a t a s e .  Information 

de r ived  from t h i s  s tudy  should provide  knowledge about t h e  e f f e c t s  of 

X - i r r a d i a t i o n  on t h e  s t r u c t u r e  and f u n c t i o n  of t h e  human t e s t i s .  
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1 1 I 

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

The g o a l  of t h i s  r e s e a r c h  i s  t o  d e t e r n i n e  the e f f e c t  of X - i r r a d i a t i o n  

on t h e  human t e s t e s .  

cytochemistry t o  observe t e s t i c u l a r  u l t r a s t r u c t u r e  and enzymic l o c a l i z a t i o n .  

The s i x  enzymes t h a t  we have examined a r e  thiamine pyrophosphatase , i n o s i n e  

d iphosphatasc ,  a c i d  phosphatase ,  glucose-6-phosphatase,  adenosine 

To t h i s  end we have used e l e c t r o n  microscopic  

monophosphatase, and adenosine t r i p h o s p h a t a s e .  

two d i s t i n c t  phases  of t h e  program. 

l o c a l i z a t i o n s  of t h e  above s i x  enzymes i n  normal, human tes tes  and was 

To d a t e ,  t h e r e  have been 

Phase I cons i s t ed  of de te rmining  the  

performed the  f i r s t  yea r  of t h e  p r o j e c t .  

of t h e  c o n t r o l  human t e s t i s  i s  dup l i ca t ed  wi th  minor c o r r e c t i o n s  ( a d d i t i o n  

of a c i d  phosphatase a c t i v i t y  i n  t h e  S e r t o l i  c e l l  Golgi  complex and adenosine 

t r i phospha ta se  a c t i v i t y  t o  t h e  plasma membrane of spermat ids)  from l a s t  

y e a r ' s  p roposa l  (Table I ) .  

year ,  has  d e a l t  w i t h  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  on the  human t e s t i s .  

For convenience,  t h e  cytochemistry 

Phase 11, p r i m a r i l y  conducted dur ing  the  p a s t  

Our r e s u l t s  on morphology and enzymic l o c a l i z a t i o n  du r ing  the  f i r s t  month 

postexposure w i l l  be subsequent ly  d i scussed .  Phase 111, t he  work o u t l i n e d  

i n  t h i s  p roposa l ,  concerns t h e  morphology and cytochemistry of hurnan tes tes  

i n  t h e  dep le t ed  s t a t e  and dur ing  t h e  recovery  s t a g e s .  

Mammalian t e s t e s  have been known t o  be r a d i o s e n s i t i v e  s i n c e  t h e  s t u d i e s  

of Albers-Schonberg (1903, Nunch. Ned. Wochschr. 50:1859-1860). The extreme 

s e n s i t i v i t y  of t he  human t e s t i s  w a s  f i r s t  r e p o r t e d  two p e a r s  l a t e r  (T i lden ,  

e t  a l . ,  1905, as c i t e d  i n  Harvey, 1908, J. Path .  Bact.  12:549-556). Radia t ion-  

induced azzospcrmia was thought t o  r e s u l t  from a prolonged i n h i b i t i o n  of 

spermatogonial  m i t o s i s  (Eschenbrenner,  e t  a l . ,  1948, J .  Nat. Cancer I n s t .  

9:133-147);  however, Oalcberg (1955, Rad ia t ion  Res. 2:369-391; 1955, J .  Morph. 
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9 7 : 3 9 - 5 4 )  demonstrated t h a t  t h e  c h a r a c t e r i s t i c  azoospermic condi t ion  

fo l lowing  r a d i a t i o n  esposure  was a c t u a l l y  caused by spermatogonial  

d e s t r u c t i o n .  

Our u l t r a s t r u c t u r a l  examination of  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  

r evea led  spermatogonial  degene ra t ion  and we f e e l  t h a t  t h i s  phenomenon i s  

probably t h e  primary e f f e c t  of i r r a d i a t i o n  on t h e  t e s t i s ;  c e r t a i n l y  it 

l e a d s  t o  azoospermia.  However, i n  i r r a d i a t e d  t e s t i s ,  ~ 7 e  observed 

a d d i t i o n a l  morphological  a l t e r a t i o n s ,  e.g., a change i n  mi tochondr ia l  

c r i s t a e  of spermatogenic c e l l s ,  vacuo la t e  cytoplasm of  spermatogenic c e l l s ,  

acrosomal a l t e r a t i o n s ,  and a.n increased  frequency of spermat ids  wi th  

m u l t i p l e  heads.  The s i g n i f i c a n c e  of t h e s e  s t r u c t u r a l  mod i f i ca t ions  i s  

unknown and we p r e s e n t l y  c a t e g o r i z e  them as s u b t l e  i r r a d i a t i o n  e f f e c t s ,  

a l though they  are admi t t ed ly  not  very  s u b t l e  i n  some cases. 

We have examined approximately 55 i r r a d i a t e d  human tes tes  inc lud ing  

samples taken  from 15 minutes  t o  7 y e a r s  postexposure.  

samples were i r r a d i a t e d  wi th  e i t h e r  20 r ,  78 r ,  200 r ,  o r  600 r and were 

The bulk  of t h e s e  

b iops i ed  dur ing  t h e  f i r s t  month postexposure (see accompanying Progress  

Report  f o r  d e t a i l s ) .  

A b r i e f  summation of our cytochemical r e s u l t s  on i r r a d i a t e d  human t e s t e s  

du r ing  t h e  f i r s t  month postexposure r e f l e c t s  d i f f e r i n g  r a d i o s e n s i t i v i t i e s  

of t h e  enzymes examined. For example, a c i d  phosphatase a c t i v i t y  i n c r e a s e s  

i n  the  S e r t o l i  c e l l s  and t h i s  i nc reased  a c t i v i t y  appears  t o  be d i r e c t l y  

r e l a t e d  t o  spermatogonial  degenera t ion  and subsequent phagocytos is  by 

S e r t o l i  ce l l s .  Thiamine pyrophosphatase and i n o s i n e  d iphosphatase  a c t i v i t y  

dec reases  i n  t h e  spermatogenic c e l l s ,  bu t  remains unchanged i n  t h e  S e r t o l i  

c e l l s .  The decreased  a c t i v i t y  oE t h e s e  two enzymes i n  t h e  spermatogenic 
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ce l l s  i s  s t r i k i n g l y  d i f f e r e n t .  

o f  i n o s i n e  d iphosphatase  a c t i v i t y  w a s  t i m e  dependent and occurred  between 

17  and 24 days postexposure.  

a c t i v i t y  w a s  both dose and t ime dependent.  Low r a d i a t i o n  doses  of  20 and 

78  r d i d  not  i n f luence  thiamine pyrophosphatase a c t i v i t y  through a t  least  

24 days fo l lowing  exposure.  

we were unable  t o  d e t e c t  any a c t i v i t y  f o r  t h i s  enzyme i n  spermatogenic c e l l s .  

Glucose-6-phosphatase a c t i v i t y  appears  t o  be decreased a t  s h o r t  t imes 

postexposure t o  low doses  of X-rays (11 days postexposure t o  20r) and a t  

longe r  times and h ighe r  doses  (15 weeks postexposure t o  200 r)  i s  d i s p l a c e d  

from t h e  rough endoplasmic r e t i cu lum of S e r t o l i  c e l l s .  

doses  and t imes  examined, we have been unable  t o  f i n d  any change i n  

1oca l iza tLons  o r  a c t i v i t i e s  of adenosine mono- o r  t r i phospha ta se .  Thus, 

t h e  s i x  enzymes t h a t  we have s tud ied  i n  i r r a d i a t e d  human t e s t e s  run  t h e  

gamut from bz ing  r a d i o r e s i s t a n t  t o  e x h i b i t i n g  va ry ing  degrees  of r ad io -  

s e n s i t i v i t y ,  i nc lud ing  inc reased  a c t i v i t y ,  decreased a c t i v i t y ,  and/or  a l t e r e d  

l o c a l i z a t i o n .  Me f e e l  t h a t  t h e  inc reased  a c i d  phosphatase a c t i v i t y  i s  

r e l a t e d  t o  t h e  primary e f f c c t  of i r r a d i a t i o n  on t h e  t es t i s ,  i . e . ,  sperma- 

t o g o n i a l  degenera t ion ;  however, t he  reduced a c t i v i t i e s  of thiamine 

pyrophosphatase,  i nos ine  d iphosphatase ,  and glucose-6-phosphatase could be 

t e rmed  s u b t l e  i r r a d i a t i o n  e f f e c t s .  

gonial  degenera t ion ,  X - i r r a d i a t i o n  can profoundly e f f e c t  c e l l u l a r  metabolism 

wi thout  a l t e r i n g  t h e  s t r u c t u r a l  i n t e g r i t y  o f  a s s o c i a t e d  o r g a n e l l e s .  

A t  doses up t o  600 r X - i r r a d i a t i o n ,  t h e  l o s s  

The dec rease  i n  thiamine pyrophosphatase 

However, by 1 7  days a f t e r  200 and 600 r doses ,  

F i n a l l y ,  a t  t h e  

A t  any r a t e ,  i n  a d d i t i o n  t o  spermato- 

P e r t i n e n t  t o  t h i s  p roposa l  i s  informat ion  t h a t  h a s  been ob ta ined  on 

t h e  dep le t ed  s ta te  and the recovery p rocess  v i a  l i g h t  microscopy i n  D r .  C a r l  

Heller ' s l a b o r a t o r y  (197 1, Pe r sona l  Communication). Type B spermatogonia 

1034855 
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degenera te  inmedia te ly  a f t e r  i r r z d i a t i o n .  

observed as la te  as 1 t o  2 months pos texposure ,  bu t  t h e i r  numbers reach  an  

ex t remely  low l e v e l  a t  appros imatc ly  2 months postexposure w i t h  r a d i a t i o n  

doses  s u f f i c i e n t  t o  induce azoospermia.  

pos texposure ,  spermatogonia begin  t o  reappear  i n  a l l  r a d i a t i o n  doses  examined. 

Hence, i t  appears  t h a t  recovery  i s  i n i t i a t e d  a t  approximately 200 days 

fo l lowing  i r r a d i a t i o n  r e g a r d l e s s  of t h e  r a d i a t i o n  dose;  however, t h e  r a t e  

of recovery  is dosc dependent.  

has y e t  t o  be observed,  bu t  i s  thought  t o  r e q u i r e  6-7 y e a r s .  

complete recovery has been observed i n  2-3 y e a r s ,  and wi th  20 and 78 r 

complete recovery i s  fcund t o  occur  w i t h i n  one yea r .  

Type A spermatogonia may be 

A t  approximately 6-7 months 

For  example, complete recovery  f o r  600 r 

A t  200 r ,  

S e v e r a l  ques t ions  are posed by t h e  above informat ion  and by our cyto-  

chemical and morphological  s t u d i e s  of t h e  e z r l y  e f f e c t s  of i r r a d i a t i o n .  

example, why do t h e  spermatogonia remaining i n  t h e  t e s t i s  a f t e r  i r r a d i a t i o n  

remain l a t e n t  i n s t e a d  of  in-nediately i n i t i a t i n g  recovery? why i s  t h e  

For 

reappearance of sperna togonia  a t  200 days postexposure not  close dependent 

whereas t h e  r a t e  of recovery  i s  d o s e  dependent? Are t h e s e  two ques t ions  

r e l a t e d  t o  t h e  s u b t l e  e f f e c t s  of i r r a d i a t i o n  t h a t  xis have p rev ious ly  desc r ibed?  

It i s  p o s s i b l e  t h a t  our examinat ion of marker enzymes w i l l  enable  us t o  

e v a l u a t e  the  t o t i p o t e n c y  of spermatogonia du r ing  t h e  recovery  process .  We 

propose t o  examine t h e  cy tochemis t ry  of the dep le t ed  t e s t i s  and of t h e  

r ecove r ing  t e s t i s  f o r  enzymic as w e l l  as  morphological  recovery  t o  determine 

the importance of s u b t l e  e f f e c t s  on t h e  recovery  p rocess .  It must be 

emphasized t h a t  t h e  r a r i t y  of spermatogonia i n  t h e  i r r a d i a t e d  t e s t i s  nega te s  

t h e i r  e v e r  being s u f f i c i e n t l y  concen t r a t ed  f o r  biochemical  o r  p h y s i o l o g i c a l  

' 

1 0 3 4 8 5 b  
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examinat ion.  

enigma of t e s t i c u l a r  recovery  fo l lowing  i r r a d i a t i o n .  

Thus, i t  may remain f o r  cytochemical  s t u d i e s  t o  answer t h e  

F i n a l l y ,  i t  should be mentioned t h a t  cytochemical  d i f f e r e n c e s  e x i s t  

between human t e s t i s  and t e s t e s  of o t h e r  anima1.s. S p e c i f i c a l l y ,  we have 

. found l o c a l i z a t i o n  s i tes  f o r  thiamine pyrophosphatase,  i nos ine  diphos-  

pha tase  , adenosine t r i phospha ta se ,  and glucose-6-phosphatzse t o  be d i f f e r e n t  

than  t h a t  r epor t ed  f o r  t h e  r a t  (Tice  and B a r r n e t t ,  1963, Anat. Rec. 147: 

43-64; Reissenweber,  1970, Histochemie 21:73-83) and t h e  Chinese hainster 

( C h a g ,  Yokoama, and Br ink ley ,  1970, J .  C e l l  B io l .  47:33a).  A s  poin ted  ou t  

i n  our o r i g i n a l  p roposa l ,  o t h e r  d i f f e r e n c e s  occur  i n  t e s t i c u l a r  morphology 

and r a d i a t i o n  s e n s i t i v i t y  between man and o t h e r  spec ie s .  A l l  of these  

th ings  make e x t r a p o l a t i o n  of in format ion  from o t h e r  animals  t o  man 

exceedingly  d i f f i c u l t .  Hence, a s u i t a b l e  s u b s t i t u t e  f o r  human t i s s u e s  does 

no t  e x i s t ,  and 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  problems i n  man, then one 

m u s t  examine man. Although t h e  work o u t l i n e d  i n  t h i s  proposa l  will use  

human t i s s u e s ,  i t  must be emphasized t h a t  no a d d i t i o n a l  manipulat ion of 

human s u b j e c t s  w i l l  be  r e q u i r e d ;  we a r e  simply seeking  t o  t ake  advantage 

of what w i l l  be  e x i s t i n g  experimental  m a t e r i a l .  

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 i s  s tudy  i s  t o  d e f i n e  changes i n  u l t r a s t r u c t u r e  

and enzyme 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 ad ' i a t ion  of human t e s t e s .  

Emphasis w i l l  be  p laced  on' examination of t e s t e s  i n  t h e  dep le t ed  s t a t e  and - 
0 dur ing  t h e  recovery  p rocess .  S p e c i f i c a l l y ,  we hope t o  determine,  by marker 
w 
E enzymes, t h e  
W 

VI i r r a d i a t i o n ,  
IJ 

w i t h i n  these  

r epopu la t ion  

t o t i p o t e n c y  of t h e  spermatogonia t h a t  occur  i n  t h e  t e s t i s  a f t e r  

bu t  p r i o r  t o  r epopu la t ion .  We a n t i c i p a t e  t h a t  enzymic recovery  

spermatogonia may occur  p r i o r  t o ,  and s i g n a l  t he  beginning o f ,  

of t h e  spermatogenic c e l l  s e r i e s .  Add i t iona l ly ,  w e  w i l l  examine 
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t h e  dose dependent recovery  p rocess  and a t tempt  t o  e s t a b l i s h  t h e  importance 

of enzymic recovery on r epopu la t ion  of t h e  spermatogenic c e l l s  a f t e r  

r ad ia t ion - induced  azoospermia.  

s u b c e l l u l a r  l e v e l  our p r e s e n t  knowledge about  t h e  e f f e c t s  of X - i r r a d i a t i o n  

on t h e  human t e s t i s .  

work i n  p rogres s  i n  any o t h e r  l a b o r a t o r y .  

Th i s  work i s  designed t o  extend t o  t h e  

The P r i n c i p a l  I n v e s t i g a t o r  i s  unaware of any comparable 

C .  Experimental  Design: 

We w i l l  cont inue  t o  r e c e i v e  mater ia l  f o r  t h i s  s tudy  through the  c o u r t e s y  

of D r .  C a r l  H e l l e r ,  D i r e c t o r ,  D i v i s i o n  of Reproductive Physiology,  P a c i f i c  

Northwest Research Foundat ion,  S e a t t l e ,  Washington. The human t e s t i c u l a r  

t i s s u e  i s  obta ined  a s  p a r t  of D r .  Heller's program from v o l u n t e e r  inmates 

i n  t h e  Oregon S t a t e  P r i s o n ,  Salem, Oregon. 

a r e  such t h a t  t he  m a t e r i a l  r equ i r ed  f o r  t h i s  s tudy  w i l l  be  a v a i l a b l e  dur ing  

t h e  normal course  of h i s  work, and exper imenta l  manipulat ion of human 

s u b j e c t s . w i l 1  no t  be d u p l i c a t e d  f o r  t h i s  s tudy .  

D r .  H e l l e r ' s  program p r o j e c t i o n s  

T i s s u e  samples 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 t imes  fo l lowing  

exposure t o  20, 78,  200, and 600 r X - i r r a d i a t i o n .  Program p r o j e c t i o n s  now 

c a l l  f o r  no a d d i t i o n a l  i r r a d i a t i o n s ;  however, b i o p s i e s  w i l l  be  obta ined  

from p rev ious ly  i r r a d i a t e d  i n d i v i d u a l s  f o r  follow-up s t u d i e s .  Ma te r i a l  from 

t h e  l a s t  t e s t i c u l a r  i r r a d i a t i o n  w i l l  be  i n  t h e  i n i t i a l  ,phases of t h e  

recovery  process  by t h e  end of 1 9 7 1 .  Therefore ,  m a t e r i a l  s t u d i e d  dur ing  

- 
ti) of t h e  dep le t ed  s t a t e  a s  w e l l  a s  i n  v a r i o u s  s t a g e s  of recovery ,  More 
s 
00 
cn * 

t h e  t ime proposed f o r  t h e  p r e s e n t  p r o j e c t  w i l l  be i n  t h e  t e rmina l  s t a g e s  

p r e c i s e l y ,  f o r  t he  d a t e s  covered by t h i s  proposa l ,  we w i l l  be r e c e i v i n g  

b i o p s i e s  of 600 r i r r a d i a t e d  t i s s u e s  from 6 t o  48 months postexposure,  of 

200 r t i s s u e s  from 6 t o  70 months postexposure,  of 78 r t i s s u e s  from 6 t o  

25 months postexposure,  and of 20 r t i s s u e s  from 6 t o  25  months postexposure.  
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Biopsied t e s t i c u l a r  t i s s u e  w i l l  be  i n i t i a l l y  f i x e d  a t  t h e  p r i son  by a 

t e c h n i c i a n  from D r .  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 .  

o r i g i n a l  proposa l ,  t o  s i m p l i f y  account ing  procedures ,  D r .  H e l l e r ' s  

A s  o u t l i n e d  i n  our  

l a b o r a t o r y  w i l l  be  submi t t i ng  a s e p a r a t e  budget t o  cover  the  c o s t s  

i ncu r red  by t h e  t e c h n i c i a n  i n  p rocess ing  t h e  samples a t  t he  p r i son .  Because 

of our  success  t o  d a t e ,  t h e  handl ing  of t i s s u e s  a t  t h e  p r i son  w i l l  remain 

e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  desc r ibed  i n  our o r i g i n a l  proposa l .  

When we r e c e i v e  t h e  samples t h e  t i s s u e s  w i l l  be  processed f o r  t he  

fo l lowing  marker enzymes: thiamine pyrophosphatase,  i nos ine  d iphosphatase ,  

a c i d  phosphatase,  glucose-6-phospl ia tase ,  and adenosine mono- and t r i p h o s -  

pha tase .  The p r e p a r a t i o n s  w i l l  be made i n  a r o u t i n e  manner f o r  e l e c t r o n  

microscopic  cy tochemis t ry  with t h e  s teps  inc lud ing  a b u f f e r  wash t o  

e l i m i n a t e  t h e  f i x a t i v e ,  s e c t i o n i n g  t h e  t i s s u e  a t  40 micra wi th  a Smith- 

Farquhar  copper ,  i ncuba t ing  t h e  s e c t i o n s  i n  media con ta in ing  a p p r o p r i a t e  

s u b s t r a t e ,  a b u f f e r  wash, f i x a t i o n  i n  osmium t e t r o x i d e ,  e thano l  dehydra t ion ,  

and embe'dding i n  e i t h e r  Epon o r  a new low v i s c o s i t y  p l a s t i c  medium. S t a i n e d  

and uns t a ined  t h i n  s e c t i o n s  w i l l  then  be examined and photographed i n  an  

e l e c t r o n  microscope. 

D.  E f f e c t  of Program of Graduate Educat ion:  

Th i s  program w i l l  cont inue  t o  have a n  important  r o l e  i n  t h e  development 

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 raduate  program a t  Texas Tech U n i v e r s i t y  by 

provid ing  t r a i n i n g  f o r  graduate  s t u d e n t s  w i th  a f a i r l y  unique t i s s u e  and 

wi th  t h e  technique  of e l e c t r o n  microscopic  cytochemistry.  One of the  

Graduate A s s i s t a n t s  on t h e  program has  a l r e a d y  presented  a paper a t  a 

n a t i o n a l  meeting (American S o c i e t y  f o r  C e l l  Biology,  November 1970, San 

Diego; s e e  P rogres s  Report  f o r  a b s t r a c t )  and i s  i n  t h e  process  of p repa r ing  
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a paper f o r  p u b l i c a t i o n .  

s t a g e s  of nianuscript  p r e p a r a t i o n .  Hence, t h e  program i s  d i r e c t l y  b e n e f i t i n g  

t h e  graduate  educa t ion  of t h e s e  s t u d e n t s .  

i s  recognized by t h e  o t h e r  graduate  s t u d e n t s  and,  a s  an i n d i r e c t  r e s u l t ,  t h e  

program i s  r a i s i n g  t h e  p r o d u c t i v i t y  of our  e n t i r e  graduate  program. 

The o t h e r  Graduate A s s i s t a n t  i s  i n  t h e  t e rmina l  

Needless  t o  say ,  t h i s  a c t i v i t y  

E .  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. 

P r e s e n t  P o s i t i o n :  Assoc ia t e  P r o f e s s o 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% 

Summer Months: 50% 

S o c i a l  S e c u r i t y  Number: 490-34-8036 

S c i e n t i f i c  Experience:  

D r .  B e r l i n  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 L a b o r a t o r i e s  (opera ted  by B a t t e l l e  Memorial 

I n s t i t u t e  f o r  t h e  Atomic Energy Commission) , Richland ,  Washington 

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 l e c t r o n  Microscope Labora tory  and obta ined  

cons ide rab le  exper ience  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  and w i t h  t h e  technique of e l e c t r o n  microscopic  cy tochemis t ry .  

During t h e  t enure  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 .  C a r l  

H e l l e r ,  D i r e c t o r  of Reproduct ive Physiology,  P a c i f i c  Northwest 

Research Foundat ion,  S e a t t l e ,  Washington. The proposed work i s  a 

c o n t i n u a t i o n  of t h a t  s tudy  via  an  Atomic Energy Commission Con t rac t  

p r e s e n t l y  i n  e f f e c t .  D r .  B e r l i n  has been an Assoc ia t e  P ro fes so r  

of Biology a t  Texas Tech U n i v e r s i t y  s i n c e  September, 1968. 
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Pub 1 i c a t  i ons  : 

Bowen, C .  C . ,  G .  A .  Peyton,  and J .  D.  B e r l i n .  1963. The f i n e  
s t r u c 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  p a r a s i t e s .  A m e r .  J .  Botany 50:624-625. 

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 Albugo candida on Raphanus s a t i v u s .  Amer. J. Botany 51: 
445-452. 

B e r l i n ,  J .  D.  and C .  C .  Boeen. 1964. C e n t r i o l e s  i n  t h e  fungus 
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 zoospores  
formation i n  Albugo. Amer. J. Botany 52:613. 

Dean, J .  M. and J .  D .  B e r l i n .  1965. The e f f e c t  of temperature  
acc l ima t ion  on t h e  t i s s u e s  of Salmo g a i r d n e r i  (rainbow t r o u t ) .  
Amer. Zoo log i s t  5:696. 

B e r l i n ,  J. D. and J. M. Dean. 1966. Temperature-induced 
a l t e r a t i o n s  i n  rainbow t r o u t  hepa tocy te  s t r u c t u r e  and 
func t ion .  J .  C e l l  B i o l .  31:12A. 

B e r l i n ,  J.  D .  1967. The l o c a l i z a t i o n  of a c i d  mucopolysaccharide 
i n  t h e  Golg i  complex of i n t e s t i n a l  g o b l e t  c e l l s .  
32: 760-766. 

J. C e l l  B i o l .  

B e r l i n ,  J .  D .  and J .  M. Dean. 1967. Temperature-induced 
a l t e r a t i o n s  i n  hepa tocyte  s t r u c t u r e  of rainbow t r o u t  
(Salmo g a i r d n e r i ) .  J .  Exp t l .  Zoology 164:117-132. 

B e r l i n ,  J .  D .  1967. E a r l y  i r r a d i a t i o n  e f f e c t s  on t h e  l o c a l i z a t i o n  
of a c i d  mucopolysaccharides i n  i n t e s t i n a l  a b s o r p t i v e  c e l l s .  
J .  C e l l  B i o l .  353128. 

B e r l i n ,  J. D .  1968. 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  of a c i d  
mucopolysaccharides i n  the  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 .  
Radia t ion  Res. 34:347-356. 

. 

Mahoney, T .  D . ,  J .  D.  B e r l i n ,  J. C .  Pekas,  and M. F .  S u l l i v a n .  1968. 
The e f f e c t  of b i l e  on t h e  mucosa of t h e  i n t e s t i n e .  I n :  M. F. 
S u l l i v a n  (Ed. ) ,  G a s t r o i n t e s t i n a l  Radia t ion  I n j u r y ,  pp.  42-56. 
Excerpta  Medica Foundat ion,  Amsterdam. 

Adee, R. R . ,  C .  L. Sanders ,  and J .  D.  B e r l i n .  1968. S u b c e l l u l a r  
l o c a l i z a t i o n  and i d e n t i f i c a t i o n  of a lpha  emitters by e l e c t r o n  
microscopic  au toradiography.  Heal th  Phys ic s .  14:461-463. 

Dean, J .  M. and J .  D .  B e r l i n .  1969. A l t e r a t i o n s  i n  hepa tocy te  
func t ion  of t he rma l ly  acc l imated  rainbow t r o u t  (Salmo g a i r d n e r i ) .  
J. Comp. Biochem. Phys io l .  29:307-312. 

B e r l i n ,  J. D .  and J .  C .  Ramsey. 1970. E l e c t r o n  microscopy of t h e  
developing c o t t o n  f i b e r .  I n :  C.  J. Arceneaux (Ed.). Proceedings 
of t h e  28th  Annual Meeting, E l e c t r o n  Microscope Soc ie ty  of America, 
pli;+nr'c: P t i h l i s h i n ~  D i v i s i o n ,  Baton Rouge. pp .  128-129. 
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B e r l i n ,  J .  D. a.nd D .  D. Mahlum. 1970 .  Comparative morphological 
and f u n c t i o n a l  s t u d i e s  of neptunium-induced f a t t y  l i v e r s  i n  r a t s .  
Lab. I n v e s t .  2 2 : 2 5 2 - 2 5 9 .  

V o l l e t ,  J .  J. and J. D .  B e r l i n .  1970. An e l e c t r o n  microscopic  
cytochemical  s tudy  of t h e  e f f e c t s  of X - i r r a d i a t i o n  on mammalian 
t e s t e s .  J .  C e l l  B i o l .  47:217a. 

Rowley, M. J . ,  J. D. B e r l i n ,  and C.  G .  Heller.  1971. The u l t r a -  
s t r u c t u r e  of f o u r  types  of human spermatogonia.  Z. Z e l l f o r s c h .  
112:139-157. 

Al lenspach ,  A .  L. and J .  D .  B e r l i n .  ca .  1971. The Golgi  complex 
i n  t h e  esophageal  mucous g l ands  of t h e  newly hatched ch ick .  
J. Morph. I n  P r e s s .  

Brackeen, R.  B .  and J. D.  B e r l i n .  ca .  1 9 7 1 .  An e l e c t r o n  micro- 
scopic  cytochemical  s tudy  of t h e  e f f e c t s  of X - i r r a d i a t i o n  on 
i n o s i n e  d iphosphatase  and thiamine pyrophosphatase of t he  human 
t e s t i s .  I n  P r e p a r a t i o n .  

Research Reports :  

Mahoney, T. D .  and J. D .  Be r l in .  1966. U l t r a s t r u c t u r a l  s tudy  of 
i n t e s t i n a l  r a d i a t i o n  damage. P a c i f i c  Northwest Laboratory 
Annual Report  f o r  1965 i n  t h e  B i o l o g i c a l  Sc iences .  
( P a c i f i c  Northwest Labora tory ,  Richland,  Washington). pp. 10-11. 

B ~ ? L - 2 8 0  

.Be r l in ,  J .  D .  and J .  M. Dean. 1966. U l t r a s t r u c t u r a l  changes i n  
f i s h  l i v e r s  a s s o c i a t e d  wi th  tempera ture  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  Golg i  complex of i n t e s t i n a l  gob le t  c e l l s .  
Labora tory  Annual Report  f o r  1966 i n  t h e  B io log ica l  Sc iences .  
BWL-480 ( P a c i f i c  Northwest Labora tory ,  Richland,  Washington), 
pp. 12-51. 

P a c i f i c  Xorthrvest 

B e r l i n ,  J. D.  and D .  D. Mahlum. 1967. Neptunium-induced f a t t y  
l i v e r s  i n  r a t s :  E l e c t r o n  microscopic  and biochemical  s t u d i e s .  
I b i d . ,  pp. 4 3 - 4 6 .  

D i l l e y ,  J .  V .  and J. D .  B e r l i n .  1967. E f f e c t  of chronic  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. Temperature-induced d i f f e r e n c e s  i n  a c i d  
phosphatase l e v e l s  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  
i n t e s t i n a l  a b s o r p t i v e  c e l l s  a f t e r  i r r a d i a t i o n .  P a c i f i c  
Northwest Labora tory  Report  f o r  1967 i n  t h e  B io log ica l  
Sc iences .  BLWL-714 ( P a c i f i c  Northwest Labora tory ,  Richland,  
Washington),  pp. 7.14-7.17. 
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B e r l i n ,  J. D . ,  C .  G .  K e l l e r ,  and PI. Rowley. 1970. E l e c t r o n  
microscopy of human spermatogonia.  
Labora tory  Report  f o r  1968 i n  t h e  B io log ica l  Sc iences .  
BhWL - 1 0 50 (Pa c i f  i c  Nor t hwe s t Labor a t o r y  , Rich 1 and , Wa sh ing  t on) , 

P a c i f i c  Northwest 

pp. 6.25-6.29. 

2 .  Graduate A s s i s t a n t :  Steven S.  Barham, B.S. 
Graduate S tudent  
S o c i a l  S e c u r i t y  Number: 464-82-1196 

F r a c t i o n  of Time on P r o j e c t :  

Academic Year: 50% 

Summer Wonths: 100% 

S c i e n t i f i c  Experience: Research A s s i s t a n t ,  January 1971 t o  p r e s e n t ,  
on program. 

Pub l i ca  t i o n  s : None 

3 .  Graduate A s s i s t a n t :  To  Be Named 

F r a c t i o n  of Time on P r o j e c t :  

Academic Year: 50% 

. Summer Nonths: 100% 

F. Other  Personnel :  None 

G. Other  F i n a n c i a l  Ass i s t ance :  

From non-Universi ty  sources  on t h i s  p r o j e c t :  None 

From non-Universi ty  sources  on u n r e l a t e d  p r o j e c t s :  

The P r i n c i p a l  I n v e s t i g a t o r  h a s  a $7,000 g r a n t  from Cot ton ,  
Incorpora ted  f o r  u n r e l a t e d  work t h a t  w i l l  t e rmina te  December 31, 1971. 

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

The Department of Bio logy  a t  Texas Tech Un ive r s i ty ,  where the 

work o u t l i n e d  i n  t h i s  proposa l  w i l l  be  performed, h a s  an E l e c t r o n  

Microscope Labora tory  of approximately 3600 square f e e t  of f l o o r  space.  

J 0 3 4 8 b 3  
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O f  t h i s ,  approximately 1500 square  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  c o n t a i n s  a H i t a c h i  model HS-8-2 e l e c t r o n  microscope. 

Th i s  t each ing  complex has  i t s  own e l e c t r o n  microscope room, p l a t e  and 

p r i n t  darkrooms, a g e n e r a l  p r e p a r a t i o n  room, a microtomy room, and a 

t each ing  l abora to ry .  The remaining 2100 square f e e t  of f l o o r  space 

i s  a l l o c a t e d  t o  a r e s e a r c h  complex t h a t  con ta ins  a H i t a c h i  HU-11E-1  

e l e c t r o n  microscope and w i l l  con t inue  t o  be a v a i l a b l e  f o r  t h i s  s tudy .  

The r e sea rch  complex has a g e n e r a l  p r e p a r a t i o n  room, co ld  room, p r i n t  

darkrooin, microtomy room, e l e c t r o n  microscope room, p l a t e  darkroom, 

a room used s p e c i f i c a l l y  f o r  cy tochemis t ry ,  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  and Research A s s i s t a n t s .  Included i n  t h i s  

complex a r e  t h e  Re iche r t  Om U 2  ul t ramicrotome purchased wi th  c o n t r a c t  

funds and a Re iche r t  r e s e a r c h  l i g h t  microscope purchased f o r  t h i s  

program wi th  matching funds from Texas Tech U n i v e r s i t y .  A l l  of the  

major p i eces  of equipment 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 tudy  a r e  a l r e a d y  i n  p l a c e .  

. 
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I. Budget: From Eovember 1 5 ,  1971 t o  November 14,  1972 

E s t ima t ed Requirement s 

Texas Tech Atomic Energy 
Unive r s i  t y C ommi s s ion  

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

Assoc ia t e  P r o f . ,  $1678 p e r  month 
(Fu l l - t ime  f o r  1 1 / 2  months) 
(1/5 t i m e  f o r  9 months) 

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 Ass is t .  ( 1 / 2  t ime f o r  9 months) 
Graduate Assist .  ( f u l l - t i m e  f o r  3 months) 
Graduate Ass is t .  ( f u l l - t i m e  f o r  3 months) 

c .  F r i n g e  B e n e f i t s  (OASI:  5.2% of s a l a r i e s ;  
Group Insurance  f o r  J .  B e r l i n  a t  $3.50 pe r  
man month). 

2 .  Supp l i e s  and M a t e r i a l s  
a .  Chemicals 
b .  Glassware 
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. Resharpen diamond kn ives  
f. O f f i c e  s u p p l i e s  and misce l laneous  

3 .  C a p i t a l  Equipment: None Requested f o r  3rd Year 

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

5. Communication 

6. Travel 
a .  To S c i e n t i f i c  Meeting 
b.  To S e a t t l e ,  Washington and Salem, Oregon 

7. H i t a c h i  E l e c t r o n  Nicroscope S e r v i c e  Con t rac t  

8 .  I n d i r e c t  Charges 37.6% of s a l a r i e s  and wages 
i n  accordance wi th  p o l i c y  e s t a b l i s h e d  wi th  
DOD TDS 66-67 

TOTAL PROJECT COST 

I O 3 4 8 3 5  
Percentage  and Amount Cont r ibu ted  
by Texas Tec.h U n i v e r s i t y  18.5 

Percentage  and Amount Requested 
from t he  AEC - 81.5 

$ 2,517.00 
$ 3,020.00 

164.00 

2,500.00 
2,700.00 

861.00 
900.00 

498.00 

640.00 
300.00 
600.00 
400.00 
200.00 

50.00 

600.00 

50.00 

400.00 
600.00 

1 , 600 .OO 

1,136 .OO 3,564.00 

$23,300.00 

4 , 320.00 

18,980.00 


