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Cont.rol and X-ir rad ia ted  (200 and G O O r )  t e s t e s  of normal nen will be sub- 
j ec t ed  t o  an e l e c t r o n  raicroscopic cytochemiczl e x m i n a t i o n .  
obtained from a few minutes t o  s c v e r a l  months a f t e r  i r r a d i a t i o n  t o  de f ine  en- 
zylnic l o c a l i z a t i o n s  t h a t  occur during (1) spermatogonial degcncrat 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) t h e  recovery process when t h e  scrniniferous 
tubules  are repopulated with t h e  spermatogenic ce l l  series. Information de- 
r i v e d  f rm. th i s  s tudy  should provide knowledge of t h e  e f f e c t s  of X-radiat ion 
on the s t r u c t u r e  and func t ion  of these  important ceils .  

Samples w i l l  be 
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A .  S c i e n t i f i c  Background: 

The n z t e r i a l  f o r  t h i s  s tudy  .will be obtained throuSIi t h e  cour t e sy  of D r .  
Carl  H c l l c r ,  D i rec to r ,  Div is ion  OI Reproductive Physiology, P a c i f i c  NorLhmst 
Research Foundation, Seattle, Washinzton, who has k ind ly  consented t o  supply 
the P r i n c i p a l  I n v e s t i g a t o r  w i th  human spermatogenic t i s s u e  f r m  voluntecr  in-  
mates r e s i d i n g  i n  t h e  Oregon S t a t e  Pr i son ,  Salem, Oregon. D r .  EIcl ler ' s  pro- 
gram p r o j e c t i o n s  are such tht t h e  m a t e r i a l  requi red  f o r  t h i s  s tudy w i l l  be 
a v a i l a b l e  dar ing  t h e  normal cour sc  of h i s  work. 
t i o n  of huxan s u b j e c t s  w i l l  no t  be  dupl ica ted  f o r  t h e  proposed s tudy.  

tific inr'oxmation f r m  t h i s  rare and unique experimental material. 

. 
Thus, expcrimental  manipula- 

w e  view t h e  proposed work as an e f f o r t  t o  ob ta in  t h e  maxin:um m o u n t  of scien-  
In f a c t , . ,  

The P r i n c i p z l  I n v e s t i g a t o r  of the proposed s tudy  previous ly  cooperated wi th  
.Dr. Hel le r  on an e l e c t r o n  microscopic  s tudy of human spermatogenic t i s sue .  
r e a l i t y ,  t h e  proposed work i s  a cont inua t ion  and ex tens ion  of that study.  We 
.have i d e n t i f i e d  four  d i s t i n c t  types  of human spermatogonia by f i n e  s t r u c t u r a l  
: c r i t e r i a ,  vhc reas  prev ious ly  only t h r e e  spermatogonial types were recoznized 

Also p e r t i n e n t  t o  t h e  proposed vo rk  was an i n i t i a l  
. s tudy  made i n  t h e  are2 of e l e c t r o n  microscopic  cytochemistry. 

In 

(see A p p n d i c e s  A and 'E). 
Although b7e 

. qere not 2512 t o  cmiple te  t hose  s t u d i e s  be fo re  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 Technological  College,  we were success fu l  i n  processing t i s sue  ob- 
t a i n e d  from the p r i s o n  i n  a l a b o r a t o r y  renoved froin the p r i son  by approsimately.  
350 m i l e s .  
p r e p a r a t i o n  will be used wi thout  modi f ica t ion  i n  the ,proposed  study. 

. 

The same techniques t h a t  we have previous ly  used f o r  remote sample 

- -  
It is t 7 2 l l  known t h a t  the  tes t is  i s  an extremely r a d i o s e n s i t i v e  t i s s u e .  

I n  the Eouse, Oakberg (1955a, 1955b) has  shown t h a t  rad ia t ion- induced  s t e r i l i t y  
is t h e  r e s u l t  of spermatogonial degenerat ion and i s  no t  d u e ' t u  an i n h i b i t i o n  of 

as e a r l y  as t h r e e  hours  postexposure. These same workc;s repor ted  complete de- 
n u d i n g  of t he  germinal ep i the l ium in man a t  200r and above and found moderate 
oligospaxiiEa' a t  doses as l o i ~  as 15r. A decrease  f n  sperm count was  no t  found 
-til 46 days pos tesposure ,  which i s  the  t ime r equ i r ed  for pre l ep to t ene  sperm- 
a t o c y t e s . t o  Zevelop i n t o  mature  sperm i n  man.  The most advanced sperrhatogonia 

':. gives r i s e  t o  the p re l ep to t ene  spermatocyte, t h z r e f o r e ,  i t  appears  that spcrni- 
a t o g o n i a l  dmage 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 .  

. mitosis.  Xel ler  e t  al. (1955) have shovn spermatogonial damage i n  human t e s t e s  

' 

L i g h t  microscopic  i n v c s c i g s t i o n s  of the human testis  are numerous and ref- 
erences  t o  this area may be found i n  t h e  e x c e l l e n t  work of Clennont (1963, 1966a, 

based on l l g h t  microscoptc  e sax ina t ions  of p a r a f f i n  and Epon embedded s e c t i o n s  
-are inc ludsd  i n  Appendix B. 

- '1956b) s n d  Z e l l e r  and C lemont  (1964). Br ie f  d e s c r i p t i o n s  of human spermatogonia, 

A nrmbzr of e l e c t r o n  microscopic  s t u d i e s  have been performed on the human 
t e s t i s . ( F a v c e t t  and Burgos, 1960; V i l Z a r ,  Perez d e l  Cerro,  and Mancfni, 1962; 
Bawa, 1963; Lecson 1966; Nagano, 1962; 1966; de  Kretser, 1967a, 1967b; Smith 

. .Leeson, agd Bunge, 1967; Smith, Leesin,  Bunge, a d  Anderson, 1967; Yasuzumi, 
Nakai, 'Tsubo, Fasuda, and Sugioka, 1967; Tres 2nd S o l a r i ,  1968; Ber l in ,  1968a, 

. .  . .- 
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ani? B e r l i n  and hdee, 1959).  
unspcc i f iad  t i s s u e .  
cr ib td  th-:! f i n e  s t r u c t u r e  of t h c  i n t e r s t i t i 2 1  ce l l s ,  S c r t o l i  c e l l s ,  or spcrrixt- 
t i d s .  Tile u l t r a s t r u c t u r e  of t h e  spenmtogonia ,  wiiich zre t h e  most rad iosens i -  
t i v e  cel ls ,  hzs u n t i l  r e c e n t l y  received very  l i t t l e  a t t e n t i o n .  I n  adclit.ioll t o  
our work, t h e  f i n e  s t r u c t u r e  of t h e  gcnninal  ce l l s  of normal nien has been re- 
ported only i n  a b s t r a c t  for,n (Villar and Paulsen, 1967) .  

I n  general these  s t u d i e s  have u t i l i zcc l  abzonfial cr 
Also, t h e  major i ty  01 t he  above inves t iga t ions  have dcs- 

- 

The e f f e c t s  of i r r a d i a t i o n  on t h e  subce l lu l a r  morphology of t h e  huilian tes t is  
have n o t  been r epor t ed .  I previous ly  obtained human tes t icular  t i s s u e  one year  . : 

bules  i n  a b r i e f  survey  of t h i s  m 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  03servz'iion pertains to t h c  c e l l  type t h a t  g ives  r ise t o  spcmatogonia  
during the recovery  process  t o  e f f e c t  repopulat ion of t h e  spermatogenic ce l l  
series. 
s t r i c t l y  2 matter €or specu la t ion .  As pointed out  i n  the  p r e p r i n t  i n  Appendix 
B, i r r a 6 i e t i m  . s tud ies  r e p r e s e n t  2 means by which t h e  most p r imi t ive  spermato- 
gonium. c t n  3 s  l d e n t i f  i e d  . 

a f z e r  a n  errposure of 200r.  The only ce l l s  observed wi th in  t h e  scn in i f e roas  tu-::. . _  
The ques t ion  r a i s e d  

. 
A t  t h e  greseat t ine t h e  i d e n t i f i c a t i o n  of t hese  "precursor" cel ls  i s  

E l e c t r o n  mlcroscoyic  c y t o c l i m i s a l  observat ions on human testes are somewhat 
l i m i t e d .  Yasuzmni e t  al. (1967) suggested t h a t  adenosine t r iphosphatase  a c t i v i t y  
x25 l o c a l i z e d  i n  t h e  n u c l e a r  pores of the Leydig cel ls  of aged human t e s t e s . .  
A'denosine t r iphos.phatase a c t i v i t y  hzs been loca l i zed  i n  a previously undescribed 
filamentous %oily .that occurs  i n  c e r t a i n  types of human spcrinatogonia (See Figure  

T h i s  technique has becn used wi th  convincing results t o  loca l -  
i z e  2 nun3e-r of enzymes i n  ra t  and guinea p i g  t e s t e s  (Tice and Bar rne t t ,  1963;  
Gordon and B z r r n k t t ,  1967; ReMy and Svoboda, 1967;  Frank and Chris tensen,  1968; 

. and Posal2ki, Szabo, Bacs i ,  and Okos, 1968). I n  addi t ion ,  Hugon and Borgers ' 

(1956) u t i l i z e d  e l e c i r o n  microscopic  c9 tochenis t ry  t o  demonstrate a t r a n s i t i o n a l  
i n c r e a s e  i n  i c l a  phosphatase a c i i v i t y  i n  t h e  S e r t o l i  cel ls  o f  i r r a d i a t e d  m i c e . '  
The P r i n c i p z l  I n v e s t i g a t o r  b a s  used the technique t o  deinonstrate an immediate '  
zad ia t io>  r z s p o n s e i n  i n t e s t i n a l  e p i t h e l i a l  cel ls  (Eerl in ,  196Sb) and also as 2 
m2ans t o  =say c e l l u l a r  dmzge  r e s u l t i n g  fron heavy metal  t o x i c i t y  i n  hepatocytes  
(A?pzndis C). 

. . 

.13, Appo,nrlix.B.).. 

. 

I t  i s  doub t fu l  t h a t  any o t h e r  technique i s  as czpablc  of assaying - 
i m z d i a t e  b i o l o z i c a l  responses  t o  radiat iolz  2 s  is electroi l  microscopic cytochen- -. . 

The cytochem'ical l o c a l i z a t i o n  of phosphatase enzymes p resen t s  a method vhere- , 
by fuilcticrn m2y b e  c o r r e l a t e d  with s t r u c t u r e .  
many, i f  not al l ,  b z s i c  c e l l u l a r  processes ,  e.g., they p lay  a r o l e  i n  d iges t ion ,  

- i n t r a c e l l u k r  r 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 iosynthes is ,  etc. Clear ly ,  
i t  i s  i n p o r t a n t  t o  have 2n u l t r a s t r u c t u r a l  c h a r a c t e r i z a t i o n  of these  important 
enzymas nnaer  c o n t r o l  2nd i r r a d i a t e d  condi t ions  i n  man. Oil t h e  one hand, t h i s  
informztiontYmdd c o n t r i b u t e  t o  a b e t t e r  desc r ip t ion  of r a d i a t i o n  dunage. 
the o t h e r  Land, s u c h  h a i l e d g e  nisht y i e l d  informztion enabl ing a b e t t e r  i n t e r -  
p r e t a t i o n  t o  ' b e n a a e  abou t  c e l l u l a r  p r o p e r t i e s  and a c t i v i t i e s  of t h e  l i v i n g  

The pliosphatcses are involved i n  

. On 

. ,. . t es t i s .  . .  

One of the x'easons €or  working wi th  ~1.m 2nd no t  w i t h  another  spec ie s  i n  t h e  
proposed s t u a y  2 s  h c a u s e  human t e s t e 5  .zre s u f f i c i e n t l y  d i f f e r e n t  morphological1 
from other sp?clies r e p o r t e d  i n  the 1 L t e r a t u r e  as t o  cast dou3ts on any a t tmpt  

. a t  ext rapola t ion . .  F o r  example, nan a lone  has we  ined c r y s t a l l o i d  

ii 
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i n  tire Leydig c c l f s  and i n  thc S e r t o l i  cells .  Plan a lone  Ins a f i lmientous  body 
i n  thc spcrmatozoniz. 
Nan has no e q u i v a l e n t  t o  the " L - ~ V C  of t h e  seidiniferous eplthcliiifii" dcscr ibed  i n  
rat and o the r  nmxals. I n  a d i f f e r e n t  vc in ,  800 r hard ly  a f f e c t s  the  bul.1, 
whereas 15 r has  a narked  e f f e c t  on man. For  t h e s e  and many o the r  reasons,  ex- 
t rapol .a t ion f r o a  experiments  w i th  other animsls t o  man has a nuirtbcr of b u i l t - i n  
hazards and i s  f r a u g h t  with d i f f i c u l t y .  
probleins i n  huam t issues  one mst  look a t  man as t h e r e  is no s u i t a b l e  s u b s t i t u t e .  
h 'evertheless,  i t  should  be  emphasized t h a t  t h2  work ou t l ined  i n  this proposal  vi11 
not r e q u i r e  a d d i t i o i i a l  manipti lation of human sub jec t s ,  bu t  w i l l  take advantage.of  
a v a i l a b l e  experimental t i s sue .  

FInn has cn ly  four  recognizable types of S F i i T i Z a t O Z O f l i  a.  

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  Sco?e: 

The o b j e c t i v e  of the  proposo-d s tudy  is 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 er.zym2 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 ia t ion  of hunan testes. Empha- 
s is  will be placed on t h e  e a r l y  e r ' fec 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  on sperm- 
a togon ia l  degenerazion.  
c a l i z z t i o n s  i n  c o n t r o l  tissues as this has  not  been accomplished i n  the human. 
I n  add i t ion ,  the  r ecove ry  process  w i l l  a l s o  be examined and i t  is a n t i c i p a t e d  
t h a t  we w i l l  be  ab le  t o  determine t h e  c e l l  type t h a t  repopulates  the spermato- 
genic  cell l i n e  d u r i n g ' t h e  recovery perLod. We f u r t h e r  a n t i c i p a t e  t h a t  enzymic. 
recovery occurs ,  perhaps  p r i o r  to c e l l u l a r  repopula t ion ,  and tha t  we w i l l  be 
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  th i s  process .  + T h i s  work is designed to extend 
t o  thp_ s u b c e l l u l a r  l eve l  our  p re sen t  knoxledge about t h e  e f f e c t s  of X-i r r ad ia t ion  
on t h e  h m a n  tes t i s .  
r a b l e  work i n  p r o g r e s s  i n  any other l abora tory .  

Obviously, i t  will be  necessary t o  determine enzyme lo- 

The P r i n c i p a l  I n v e s t i g a t o r  has no kno171edge of any comps- - 

* 
C. Experimental Design: 

Control  and i r r a d i a t e d  human testicular t i s s u e  wLll be  suppl ied  by D r .  Carl 
Heller, P a c i f i c  Northwest Rescarch Foundation, S e a t t l e ,  Washington. T i s s u e  snm- 
ples w i l . 1  be a v a i l a b l e  i n  a v a r i e t y  of times fol lowing exposure t o  200 and 600 r 
X-radiat ion.  W e  will 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  i m e d i a t e  e f f e c t s  (15 minutes  
t o  6 hours  postexposure)  and i n  s e l e c t e d  times dur ing  the recovery per iod .  
the e a r l y  t imes we w i l l  fo l low spennatogonial'degencration and a t  the l a t e r  t i m e s  
we w i l l  determine the sequence of s u b c e l l p l a r  events l ead ing  t o  repopulat ion.  

. _  

At 
' 

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 ixed  a t  t h e  p r i son  by  a tech- 
It is deemed d e s i r a b l e  f o r  

. 
nic lan ' f ro in  D r .  Carl  Hel le r ' s  l abora to ry  i n  S e a t t l e .  

the P r i n c i p a l  I n v e s t i g a t o r  t o  mzke two t r i p s  a y e a r  t o  S e a t t l e  t o  d i r e c t  and 
. c o n s u l t  oil p r i s o n  procedures .  These t r i p s  w i l l  a l s o  be va luab le  for  planning ou r  

experiments t o  c o i n c i d e  wi th  Dr..FIefler's ongoing program. 
f ixed  material  the t e c h n i c i a n  w i l l  s p l i t  the b iopsy  i n t o  two p a r t s .  

, ,  being f ixed  i n  f r e s h l y  prepared 1% glutara ldehyde  i n  0.1 M cacodylate  buffer  (pH . 
7.2, 0°C) and t h e  o t h e r  p a r t  i n  f r e s h l y  prepared .co ld  4% formaldehyde i n  O . l M  

-cacodylate  b u f f e r  c o n t a i n i n g  1% CaC12 ( d i f f e r e n t  f ixat ives  being requi red  t o  re- 
t a i n  a c t i v i t y  of d i f f e r e n t  enzymes). Immediately a f t e r  p l ac ing  t h e  t i s s u e  i n t o  
t h e  appropr i a t e  f i s a t i v c ' t h e  sainples w i l l  be c u t  i n t o  1 X 2 X 5 to 10 mm s t r i p s  

To o b t a i n  p rope r ly  
One part  

~ 

. ' 
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t o  ensure adcquatc penet ra t ion  of tl;e f i s a t i v e .  
s t ep  is t ha t  the sur face  OZ t he  t i s s u e  not be alloiied to dry, therefore ,  t h e  
tissue will rcmjin subizerged in tile c h i l l e d  f iziative during the c u t t i n g  proced- 
ures. The t i s s u e  w i l l  r m a i n  i n  the i n i t i a l  f i x a t i v e  f o r  55 piinutes, but  no 
longer th2.n one hour (loneer times i n  thc  i n i t i a l  f i x a t i v e  inac t iva t e s  s evc ra l  . 
of t h e  cnzyIies f o r  which r.72 w i l l  be subsequently assaying) .  A t  til2 end of t h e  
i n i t i a l  f i x a t i o n  period, t h e  t i s s u e  w i l l  be t r ans fe r r ed  to cold 0.1 H cacodyla ie  
bu f fe r  (containing 5% sucrose when requi red ,  depending upon the  enzymes t o  be 
loca l i zed ) ,  packed 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 inc ipa l  Inves t iga to r  a t  Texas Tcchnologiczl College. The schedules w i l l  
be prearranged and t h e  P r inc ipa l  Inves t igz to r  w i l l  meet, the  inconing plene and 
r e t r i e v e  t h e  sz l ip le .  
l a n t  red paper h2s two advantages. F i r s t ,  they appear t o  rece ive  more in t ima te  
care  f r m  a i r l i n e s  personnel and second, they a r s  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 .  The above procedures have been described i n  d e t a i l  because of the  . 
necess i ty  of u t i l i z i n g  ... t echnica l  h e l p  a t  t h e  pr i son  (see K. Budgetary Addenduin). . 

The major preczution for this 

We have personal ly  found t h a t  wrapping the  sz?niples i n  b r i l -  , 

We previously .found t h a t  t h e  above procedure rou t ine ly  gave s a t i s f a c t o r y  re -  
The major requirement for t r anspor t ing  samples i s  t h a t  they be  kept  s u l t s .  

chil led." The method of packing t h a t  w e  previously used w i l l  keep the  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  f o r  a t  l e a s t  24 hours. This  i s  ample t i m e  f o r  i t s  ship-  
ment t o  the  P r i n c i p a l  Inves t iga to r ' s  l abora tory  which w i l l  r equ i r e  a maximum of 
e ight  hours. 
t he  t i s s u e  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  is 

(Smith and. Farquhar, 1965). 

. 

. 

Transport  of t he  t i s s u e  a t  t h i s  p a r t i c u l a r  s t e p  does not  damage . 

- r o u t i n e  procedure i n  spccimen prepara t ion  f o r  e l ec t ron  microscopic cytacheinistry 

_ .  

When received a t  Texas Technological College 'the t i s s u e s  w i l l  be f u r t h e r  
processed f o r  the  l o c a l i z a t i o n  of ac id  phosphatase, 'vzrious nucleosidc d i -  and 
t r iphosphatases ,  and thiamine pyrophosphatase. .The preparat ions w i l l  be  made i n  ' 
t'ne rou t ine  manner f o r  e l e c t r o n  microscopic  cytochemistry with a t i s s u e  sec t ione r  
being einployed t o  obta in  GO micron sec t ions .  These sec t ions  w i l l  be f u r t h e r  xashed 
i n  c h i l l e d  0 .1  31 cscodylate  bu f fe r  p r i o r  t o  t h e i r  incubation i n  medium'containing 
appropriate  substr .ates .) During incubat ion t h e  sec t ions  w i l l  be monitared where 
poss ib le  a t  t h e  l i g h t  microscope ' leve l  t o  ensure proper incubation times. 
incubat ion t h e  sec t ions  will be given a bu f fe r  wash, f ixed i n  osmiuin t e t rox ide ,  
dehydrated i n  ethanol,  and mbedded i n  Epon. 
w i l l  be sectioned f o r  both l i g h t  and e l ec t ron  microscopic exminatiorr.  
m i c r o t a m  i s  required f o r  t h i n  sec t ion ing ,  i .e . ,  t o  obtain sec t ions  t h a t  a r e  300 
t o  500 Angstroms th ick .  

. 

A f t e r  

A f t s r  polymerization t h e  tissues 
An u l t r a -  

T h i s  same instrunient w i l l  be  used t o  obtain 1 micron 
The t h i c k  sec t ions  w i l l  be  s ta ined  wi th  

Light microscopy w i l l  be used f o r  o r i e n t a t i o n  2nd as a- survey 

. t h i c k  sec t ions  f o r  l i g h t  microscopy. 
---azure I1 2nd methylene b lue  (Richardson e t  a l . ,  1960) and by a modified PAS s t a i n  

@laser, 1.965). 
a i d  t o  the  e l ec t ron  microscopic inves t iga t ion .  A p o s s i b i l i t y  t h a t  might erise is . 
t h a t  the s i x  c e l l  a s soc ia t ions  found i n  human testes (Clerniont, 1363) w i l l  possess 
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 .  
dispensable  instruinent f o r  t he  study beczuse the  ce l l  assoc ia t ions  are v i r t u a l l y  
impossible t o  i d e n t i f y  by e l ec t ron  microscopy due t o  the  small amount of t i s s u e  
t h a t  can be observed. 
assoc iz t ions  on sections adjacent  t o  those used f o r ' t h e  u l t r a s t r u c t u r a l  study SO 

t h a t  we mzy examine the  poss i3 l e  inlrluence of t h e  cel l  assoc ia t ions  on enzymic . 
l o c a l i z a t i o n s .  Thin sec t ions  obtained wi th  t h e  u l t r a i n i c r o t a e  will be examined 

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

Thus l i g h t  microscopy will be used to' i d e n t i f y  the  ' c e l l u l a r  ' 

1 0 3 5 1 8 1  . .  . .  
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via  t h e  e l c c t r o n  microscope t i t h e r  unstained o r  s ta ined  by a niodified uranyl 
ace t a t e - l ead  c i t r a t e  s t a i u  (Adec and Ber l in ,  ca. 1960). 
bc used t o  avoid any p o s s i b i l i t y  of e l c c t r o n  dense s t a i n i n g  contaminants t h a t  
might bc confused wi th  the  enzym5.c r e a c t i o n  product.  

Unstained s e c t i o i ~ s  w i l l  

. .  
This  p r o j e c t  w i l l  have an important r o l e  i n  t h e  devclopmcnt of thc P r inc ipa l  

Invcs t iga to r  ‘s graduate  program a t  Texas Technological Collegc.  
reasoris t he  au thor  r e c e n t l y  accepted h i s  present  pos i t i on  were t h e  chal lenges 
inhercii t  i n  e s t a b l i s h i n g  a n  e l e c t r o n  microscope labora tory  i n  our new f a c i l i t y  
and i n  dcvcloping a graduate  program i n  C e l l  Eiology: The proposed s tudy w i l l  
s u b s t a n t i a l l y  enhance our graduate  program by providing t r a i n i n g  f o r  graduate  
s tudents  with a unique t i s s u e  and wi th  the  technique of e l e c t r o n  microscopic 
cytochemistry. 

Thc primary 

. 

’ .  D. S c i e n t i f i c  Personnel:  , I  

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 .  Be r l in ,  Ph.D. - 
Present  P o s i t i o n :  Assoc ia te  Professor  x 

F r a c t i o n  of Time of P ro jec t :  
Academic Yeer: 20% . .  

. .  - _  
. .  

.. . .  
; . . 

, .  . _  
50% - Summer Months : 

S o c i a l  Secur i ty  Number: 
c i e n t i f i c  Experience: . D r .  B e r l i n  w a s  a Senior  Research S c i e n t i s t  i n  t h e  Biology . 

. . . Department a t  Kanford Labora tor ies  (operated by Battelle . -  . 
. Hernorial I n s t i t u t e  f o r  t h e  Atomic Energy Conmission) . .  

a Richland, Washington f o r  fou r  years  (September, 1964 t o  . 
August, 1968). During t h a t  time he  ,di.rected t h e  Electron 
lficroscope Laboratory and obtained cons iderable  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 
. t h e  t enure  of t h a t  employment an e l e c t r o n  microscopic study 

/ of human spermatogenic t i s s u e  was i n i t i a t e d  wi th  D r .  Carl  
E e l l e r ,  D i rec to r  of Reproductive Physiology, P a c i f i c  North- 
w e s t  Research Foundation, S e a t t l e ,  Washington. 
s tudy  i s  an ex tens ion  of that study. 
i s  i n i t i a t i n g  a graduate  program a t  Texas Technological College. 

The proposed 
Present ly  D r .  Ber l in  

Pub l i ca t ions  : 

Bowen, C .C . ,  G.  A .  Peyton, and J .  D. Be r l in .  1963. The f i n e  s t ruc -  . 
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- 
sites. A m e r .  J. Botany 50: 624-625. ‘. - 

Ber l in ,  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 Raphznus s a t i v u s .  h e r .  J. Botany 51: 445-452. ”: 

. . B e r l i n ,  J. D.  and C.  C . I  Bowen. 1964. Cen t r io l e s  i n  the’fungus Albugo 
candida.  h e r .  J. otany 51 :650-652. -- 

. d  

Berlin, 3. D. and C. C .  Bowen. 1965. ’ Mitos i s  and zoospore fo rka t ion  
i n  Albugo. Amer. J .  Botany 52 :  613. 

. . .  * t  1 0 3 5 1 8 8  . .  
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E. 

F. 

G. 

.. . 

Other  Personnel: ' 

Technician ( to  be named). 
F rac t ion  of Time on P r o j c c t :  
J u s t i f i c a t i o n :  

loo'/. 
A tcchriician w i l l  be needed f o r  t h i s  p r o j e c t  t o  prepare 
s o l u t i o n s ,  p r i n t  and dry e l e c t r o a  nicrographs and he lp  . 
wi th  sample preparat ion ( including incubat ion,  f i x a t i o n  
i n  osmium tetroxi-de , dehydration , embedding and sec t ion-  
i ng ) .  By performing rou t ine  l abora to ry  t a sks  the  tech- 
n i c i a n  w i l l  f r e c  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 ca l  n1icroscopi.c work. * 

Other F inancia l  Assis tance:  
From non-univers i ty  sources  f o r  t h i s  p ro jec t :  
From non-university sources  on unre la ted  p r o j e c t s :  

None 

The P r inc ipa l  I n v e s t i g a t o r  has  a $5,000 grant  from t h e  Nat ional  
Cotton Council f o r  unrelated work t h a t  w i l l  t e n i i n a t e  Decenber 
31, 1969. 

. . 

F a c i l i t i e s :  

The Department of Biology a t  Texas Technological College , where t h e  work 
out l ined  i n  t h i s  proposal w i l l  be  performed, has  under cons t ruc t ion  a ncw 
Biology Building t h a t  i s  scheduled f o r  coiapletion by September 1, 1969. We. 
are reques t ing  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  simultaneously wi th  t h a t  da te .  
This  f a c i l i t y  w i l l  inc lude  an Electron Microscope Laboratory of approximately 
3600 square f e e t  of f l o o r  space.  Of t h i s ,  approximately 1500 square feet  i s  
devoted t o  a teaching l abora to ry  t h a t  w i l l  conta in  a c h i  model HS-8 elec-  
t r o n  microscope.-  This  teaching complex has an electr icroscope rooin, a 
p l a t e  and p r i n t  darkroom, a general  p repara t ion  room and a teaching laboratory.  
The. reinaining 2100 square 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 research  
complex t h a t  w i l l  conta in  a Hi tach i  model HiJ-11E-1 e l e c t r o n  microscope and w i l l  
be  a v a i l a b l e  f o r  t h i s  study. 
room, cold room, p r i n t  darkroom, microtomy rooa, e lec t ron  microscope rooiii, 
p l a t e  dark room, a r a m  t o  be used s p e c i f i c a l l y  f o r  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 .  Separate  o f f i c e  space w i l l  be provided 
f o r  t h e  Graduate Ass i s t an t s .  Monies a r e  a v a i l a b l e  f o r  equipping t h i s  complex 
wi th  t w o  e l ec t ron  microscopes, one mic ro tme ,  a t i s s u e  s e c t i o n e r ,  e t c .  
e l ec t ron  microscopes have a l ready  been ordered and a r e  t o  be i n s t a l l e d  by 
August 1, 1969.  However, t h e  one micro tom w i l l  be placed i n  t h e  'teaching 
- l abora to ry  f o r  s tudent  t ra ini .ng and w i l l  no t  be  a v a i l a b l e  f o r  t h i s  s tudy . .  
For t h i s  reason, w e  are r eques t ing ,  as a l i n e  i t e m  i n  t h e  budget, money f o r  
an ul t ramicrotone t h a t  ~ o u l d  be necessary f o r  t h i s  s tudy.  Texas Technological 
Col lege w i l l  match the  funds being requested from t h e  A t o m i c  Energy C m i s s i o n  

- 

search l i g h t  microscope t h a t  i s  necessary f o r  t h i s  p r o j e c t .  
ment requi red  f o r  the  success fu l  completion of t h i s  st 
Texas Technological College.  

The research  c m p l e x  has  a genera l  p r ipa ra t ion  

' 

The 

. f o r  an ul t ramicrotone and t h e s e  matching funds w i l l  be  used t o  obta in  a re- 
A l l  o ther  equip- 

w i l l  be  provided by 

. .. . .  .. - . , _  . . . .  . - -  
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1. Firs!: Ytzr Eudget (From Scpteclber 1, 1969 t o  August 31, 1970) ' 

. ._. 
Estimated Rcqgircmcnts 

. .  
1st Year . .  

Tcxa s . Atomic 
' Technological  Energy 
. .  ege C maii s s i on 

/ 

1. S a l a r i e s  a r d  Wagcs 
a. R - i n c i p a l  I n v e s t i g z t o r ,  J. Berl in ,  

Assoc. P r o f . ,  $1633 per month 
(Ful l  time for 1 1 / 2  months) 
( 1/5 time 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 time for 9 months) 

Graduate A s s i s t .  (Fu l l  time for 3 mon 
Master ' s  Candidate 

Graduate Assist.. ( F u l l  time f o  
Doc to ra l  Candidate 

2500.00 
Graduate Assist. (1/2 time fo r  9 months) - 2700.00 

- 3 .  

861.00 ' 
.* 

- I  

- 
. - -  C .  Technic ian  ( to  be named) 

d .  F r i n g e  b e n e f i t s  (Social  s ecu r i ty  
at 4 . 8 %  of above s a l a r i e s )  

2. Su2pl ies  and m a t e r i a l s  
' 2. Chmiicals .. - 600.00 
b. Glassxare  . 400.00 
c. E l e c t r o n  microscope p l a t e s ,  

. other m a t e r i a l s  

e. ITiziiiond Knives (two) 
f. O f f i c e  s u p p l i e s  2nd rniscellaneo 

-- d.  Other 'photographic  supp l i e s  . 400.00 - -  ' . .  

3. Equipnent 
a .  Ul t rmic ro to ine  5000.00 
b. L i g h t  microscope 

. .  
- 400.00 . .  4 .  P u b l i c a t i o n  c o s t s  

5 .  . Comunica t ion  50.00 

6. T r a v s l  

. r  

. .  - a: To s c i e n t i f i c  meeting 400.00 
600.00 0 

- w  
c17 - 7. H i t e c h i  e l e c t r o n  microscope serv ice  con t r ac t  . 1600.00 
Q L 
0 8. I n d i r e c t  charges 34.57% of s a l a r i e s  and wages 1016.00 5328.00 

b. ' T o  S e a t t l e ,  Washington and Salem, Orego - -  . 

i n  accordance w i t h . p o l i c y  es tab l i shed  wi th  . , 
DOD TDS 66-67 

0 



1 G  

41,575.00 

Percentaze and Amount Contributed 
by 'l'exas Technological College 21.9% * $ 9,096.00 

. .  

Percentage and hrnount Request 
1 from t h e  AEC 78.1% . $ 32,479.00 

J. Second Year Budget (From September 1, 1970 t o  August 31, 1971) . 
'. E s t i m a t e d  Requirements 

' ,  - -  2nd Year 
Texas A t o m i c  

Technological Energy 
College Comiss 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. Berl in ,  

Assoc. P r o f . ,  $1715 per  month . * .  

(Ful l  time f o r  1 1/2  morrths) 
(1/5 t ime f o r  9 months) 

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  9 months) 

Graduate Assist. (Ful l  t i m e  f o r  3 months) 
Graduate 4 A s s i s t .  (Ful l  t i m e  f o r  3 months) 

._ Graduate Assist. (1/2 t i m e  f o r  9 months) - 

" _- 
c .  Technician (Ful l  time f o r  12 moilths) . - _  . * . : .  .: . . . .  

. .  . 

2. 

. .  . .  

3. 

4. 

. 5 .  

6. 

d.. Fringe b e n e f i t s  (Social  Secur i ty ,  etc. ... - ~ 

a t  4.8% of  above salaries) 

Suppl ies  and materials 
a. Cheinicals 
b. Glassware 
c .  E l e c t r o n  microscope p l a t e s ,  

400 . 00 
200.00 

.d. Other photographic s u p p l i e s  
e. Resharpen diamond knives  
f. Office s u p p l i e s  and miscellaneous . . 50.00 

! 

o t h e r  m a t e r i a l s  

. - .  
None requested f o r  2nd year) . .  

- . *  
Publ ica t ion  ccsts 600.00 . -  

. .  - 50.DO . .  Collnunica t i o n  

Travel  
a. To s c i e n t i f i c  meeting 

600.00 b. To S e a t t l e ,  Washington an3 Sa&, Oregon . .  . .  * 

1 0 3 5  1 9 1  . -  
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7 .  Nitschi  elcctron niicroscopc service coiltract 1600.00 

8.  Indirect Chnrzes 34.57% of salaries  and wctses , 1067.00 5474.00 
i n  accordrnce w i t h  policy established with - _-. 
Doll TDS 66-67 

* TOTAL PROJECT COST $ 31,770 

Percentage and Amount Contributed . 
by Texas Technological College 

Percentage and Amount Request 
from the AEC 8C .5X 

$ 4;302 
1 

$ 27,468 

. .  . .  . .  . 



E;. Budgctzary Addenduni 

I n  relying upon pri.son hc lp  t o  do t h c  i n i t i a l  po r t ion  of our  p rcpa ra t ions ,  we 
have p r c v i o x s l y  cncountcredta  number of d i f E i c u l t i e s .  
of e s a s p c r a t i o n  wc f i n a l l y  traced on2 problem t o  t h e  fc-ct t h a t  t h c  inmate tech-  
n i c i a n  hod p l aced  t h e  t i s s u e  i n  buEfer t o  which f i x a t i v e  had no t  been added. 
cytoclileniicnl work i nvo lves  more complcs procedures and we f e e l  t h a t  prison hclp 

t h i s  work, the r a r i t y  of t h e  ma tc r i a l . i nvo lved ,  and the amount of t i m e  consumed 
i n  an experiment  a r e q u e s t  will be made by D r .  C .  H c l l c r  i n  h i s  Atonic Energy 
C m i s s i o n  Proposal t o  have a t echnic ian  froin h i s  S e a t t l e  l abora to ry  travel 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 .  This  procedural  
t e c h n i c a l i t y  i n  the budget confoms t o  advice prev ious ly  s o l i c i t e d  ( letter dated 

ga to r  f r o m  the Atomic Eriergy Coiimission. 

For example, aEter  months 

Our 
, 
. i s  t e c h n i c z l l y  ir icapablc of s a t i s f a c t o r y  performance. Because of the n a t u r e  of . 

, 
. .  

’ 

. . Apr i l  25, 1969) and rece ived  (pi1o;le c a l l  Apr i l  30, ,1969) by t h e  P r i n c i p a l  Invcsti- _ -  


