
708351 
774 

*% 9atotPy G. Y!llfws 
Ccntracts 'iana.'jerent Office 
:iational Institute o f  E n v t r m m t a l  zeal t r  ktences 
?nst O f f i c e  Rox 12Pt4 
a3lC South Pimi 8aulevard 
Zcsearcr! f r f a n c l  e Park , +:orth Carol Ina 277nQ 



E?-!?%: Spracl cp, 

ER-122: RQSpradl en :daw: 6-0646 : 8-25-86 
OFF lcuL FlL€copy ooa P 132630 

47-28) 

xwrcumutcp 

-€ 

...... wTn3 ................... 

................. "pz .i.l'..i... 

*--a ........ 
T4% 

""m 
INlTt 

RTG. S V U M L  

............. -. 
wnuwua 

................ 
M T C  

RTG S Y U W X  

................ 
minuam. 

................ 
DATE 

nic. s w a  

............... 
I N I T I A L Y S ~  

............... 
DATE 

ATO. S W B U  

.............. 
INITIALYSIQ 

.............. 
DATE 

RTG. SYWOI 

.............. 
HlTIALSnM 

.............. 
QATE 



OAK RIDGE NATIONAL LABORATORY 
WERATE0 SV MARTIN MARIElTA ENERGY SVSTEMS INC 

POST OFFICE B O X  X 

OAK RIDGE. TENNESSEE 3 7 0 1  

August 2 8 ,  1986 

M r .  Joseph A. Lenhard, A s s i s t a n t  Manager 
Energy Research and Development 
Department of Energy, Oak Ridge Opera t ions  
P o s t  Of f i ce  Box E 
Oak Ridge, Tennessee 37831 

Dear M r .  Lenhard: 

Revised Proposa l  t o  t h e  Na t iona l  I n s t i t u t e  of Environmental Health Sc iences  
(NIEHS), “Development of Image Analys is  Methodology f o r  Comparative Analysis 
of P r o t e i n s  from Two-Dimensional Gel E l e c t r o p h o r e s i s , “  ( In t e ragency  Agreement 
NO. 40-1669-85) 

Enclosed f o r  your review and approval  is a rev i sed  r e sea rch  proposal f o r  
submission t o  t h e  Nat iona l  I n s t i t u t e  of Environmental Health Sc iences  (NIEHS). 
The proposed r e sea rch  is based on d i s c u s s i o n s  between D r .  James S e l k i r k  of NIEHS 
and personnel  from t h e  Biology Div i s ion  a t  Oak Ridge Nat iona l  Laboratory (ORNL). 
The proposal r eques t s  a performance per iod  of one year  beginning October 1, 
1986.  The t o t a l  es t imated  c o s t  f o r  t h e  e f f o r t  is $246,518. 

The o b j e c t i v e  of t h i s  s tudy  is t o  monitor e a r l y  changes i n  m u l t i p l e  c e l l u l a r  
enzymes and p r o t e i n s  a f t e r  carcinogen t r ea tmen t  w i th  a b i l i t y  t o  s t o r e ,  r a p i d l y  
r e t r i e v e  and a n a l y t i c a l l y  c o n t r a s t  t h e  e f f e c t s  of va r ious  chemical t rea tments .  
The proposal is d i r e c t l y  r e l a t e d  t o  DOE A c t i v i t y  HA 02 02 01 0 ,  FTP/A 
No. 004452, “Carcinogen A c t i v i t y  i n  Human Cells.” E x i s t i n g  space and resources  
are a v a i l a b l e  t o  conduct t h i s  work without i n t e r f e r i n g  wi th  Department of Energy 
e f f o r t s .  This  r e sea rch  is desc r ibed  i n  t h e  approved O W L  I n s t i t u t i o n a l  Plan on 
page 67 .  

A f t e r  your approval ,  p l ease  forward t h e  o r i g i n a l  p l u s  s i x  ( 6 )  copies  t o  
Ms. Dorothy G. Williams, Nat iona l  I n s t i t u t e  of Environmental Heal th  Sc iences ,  
Con t rac t s  Management Of f i ce ,  Pos t  Of f i ce  Box 12874,  4310 South Miami Boulevard, 
Research Tr i ang le  Park, N.C. 27709. 

I f  you have any ques t ions  concerning t h i s  proposa l ,  p l e a s e  con tac t  
D r .  R. J. M. Fry, ex tens ion  4-1252. 

Assoc ia t e  Labora tory  Di rec to r  f o r  
Biomedical and Environmental Sc iences  

Enclosure  

cc: J. E. Carr 
R. J. M. Fry 

1 0 5 1 9 4 3  

R. A. 
D. S o  

G r  i es erne r H e  Post- - RC 
Legge t t C. S. Travag l in i  
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NATIONAL TOXICOLOClY PROCRAM 

Title: Development of Image Processing Methodology for Comparative Analysis 
of Proteins from Tw*Dimensional Gel Electrophoresis: Studies t o  
Monitor Early Changes i n  Multiple Cellular Enzymes and Proteins a f te r  
Carcinogen Treatment, w i t h  the A b i l i t y  to Store, Rapidly Retrieve and 
Analytically Contrast the Effects of Various Chemical Treatments. 

Period of A w m :  September 30, 1986 - September 29,  1987 

Funditlp Mechanism: Interagency Agreement 

Ob.iective: 
To determine the c r i t i c a l  metabolic parameters that  differentiate between 
chemical carcinogen susceptible and r e s i s t an t  cells .  

Backnround: 
Chemical carcinogens and mutagens a re  metabolbed by a complex of enzymes 
comprised of the monooxygenases a s  the activation fraction, and the 
epoxide hydrolases and cytoplasmic transferases a s  the detoxification 
fraction. The primary function of the metabolic processing of xenobi- 
o t ics  is t o  render them biochemically inert and water soluble for more 
f ac i l e  excretion from the organism. This enzymatic array has evolved a s  
the maor mode of detoxifying chemicals, and while the l iver  is the main 
s i t e  of t h i s  a c t iv i ty ,  the monooxygenase sys tem appears to be ubiquitous 
i n  mammalian t issues.  Since many envirowentally prevalent toxic 
substances a re  chemically s tab le  i t  is necessary for the t issues to  
deactivate them by derivatization in to  innocuous forms (Coon e t  a l . ,  
1980). However, cel lular  processing for parent carcinogens and mutagens 
toward detoxification form the highly reactive intermediates t h a t  are  
now known t o  be the carcinogenic and mutagenic forms of the molecule 
(Harris and C e r r u t t i ,  1982). 
grcwn substantially over the l a s t  decade, and metabolite profiles for 
various chemicals from t issues and c e l l s  i n  many species have been 
elucidated. From t h i s  vast compendium of data two generalizations have 
been derived. It appears that  a l l  active carcinogens are  electrophiles 
(Miller and Miller, 1977) and a l l  species form the same family of 
metabolites for any given chemical carcinogen ( S e l k i r k  e t  a l . ,  1982). 
Unfortunately, for a given carcinogen, we are then faced w i t h  the r ea l i t y  
that  our current theoretical concepts and experimental metabolic data 
base cannot explain the reasons for  the wide range of susceptibility t o  
malignant transformation by a given chemical among t e s t  species. Since 
a l l  short-term and long-term carcinogen and mutagen assays r e l y  on the  
same type of metabolic activation system (Douglas, 19841, i t  i s  necessary 
to  probe f u r t h e r  i n to  the metabolic reasons for  the relat ive differences 
i n  suscept ibi l i ty  for a wide spectrum of chemical carcinogens. The v a l i d  
extrapolation of animal carcinogenicity data t o  human r i s k  requires the 
most complete understanding of the respective differences and s imilar i t ies  
i n  the processing r a t e  or specif ic  modulation of the c r i t i ca l  enzymes for 
activation and de toxif ica tion. 

The data base on carcinogen metabolism has 
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Rationale: 
The burgeoning chemical carcinogen data base clear ly  shows a l l  metabolic 
products are  ident ical  for  a given chemical i n  a l l  eukaryotes and have 
markedly similar patterns of macrocaolecular b inding .  With the exception 
of a single generalization that  a l l  chemical carcinogens form reactive 
electrophiles,  there is  no unifying concept t o  explain the specific 
carcinogenic mechanism for  chemicals of widely divergent structure. 
large number of metabolic studies over t h e  l a s t  decade exhibit a marked 
phylogenetic conservation for  xenobiotic metabolism w i t h  similar 
act ivat ion and detoxification pathways. Yet there i s  a wide spectrum of 
re la t ive  suscept ib i l i ty  and resistance t o  malignant transformation 
between species, t issues  and ce l l s  for  carcinogens and mutagens 
(Langenbach e t  a l . ,  1983). Furthermore, there is great variation i n  
suscept ib i l i ty  between species for a given carcinogen. 
assays bes t  exemplify the concept of variable suscept ibi l i ty .  
Specialized assay systems have evolved for often unknown biochemical 
reasons, which are uniquely sensit ive t o  a g iven  chemical c lass  or mode 
of treatment. The mouse s k i n  model for i n i t i a t ion /  promotion and the r a t  
mammary tumor system are excellent for  polycyclic carcinogens, while 
other species a re  not as sensit ive to  these chemicals. 
of unique  sens i t iv i ty  is  aflatoxin 81 where r a t ,  f e r r e t  and trout develop 
l i v e r  tumors a t  microgram doses while the mouse is highly resis tant  to 
hepatoma formation by t h i s  chemical. 

The 

Tumorigenesis 

Another example 

T h i s  metabolic enigna of an apparent ident i ty  i n  overall  metabolism 
w i t h  a concommitant suscept ibi l i ty  variance f o r  malignant transfornation 
in di f fe ren t  species has eluded explanation. It becomes c r i t i c a l  to 
attempt t o  understand the biochemical and genetic mechanisms fo r  t h i s  
paradoxical s i tuat ion where a given carcinogen w i l l  produce the putative 
reactive intermediate i n  two t e s t  species and w i l l  exhibit a clear dose 
response i n  one species and be completely refractory i n  the other. It is 
becoming increasingly important t o  understand i f  species variance t o  
chemical carcinogenesis is a function of t h e  genetic regulation of the - 
vast array of enzymes induced d u r i n g  act ivat ion and detoxification of the 
carcinogen. 

The goal of t h i s  proJect is to  determine which portions of the metabolic 
pathwaysare more c r i t i c a l  i n  forming, maintaining, and directing the 
ultimate carcinogenic or  mutagenic species of the molecule toward i t a  
f i n a l  biological fa te .  
monitor a feu enzymes i n  the metabolic scheme. 
only a s m a l l  number of the components and are  s u f f i c i e n t l y  labor 
intensive to  prohibit large experiments tha t  would include many time 
points and various chemical treatments. However, an analytical system 
t h a t  could simultaneously assay a l l  the c r i t i c a l  ce l lu la r  proteins uould 
markedly enhance our understanding of the kinet ics  of each component i n  
the enzymatic pathway by determining which proteins a re  altered by 
chemical treatment, and how susceptible and res i s tan t  ce l l s  d i f fe r  i n  
carci  noge n processing . 

I n  the past i t  was only possible and practical t o  
Standard assays exist for  

AJumach: 
The proposed research w i l l  establish an analyt ical  system t h a t  is capable 
of qual i ta t ively and quantitatively measuring ce l lu la r  proteins. Using 
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two-dimensinal g e l  e l e c t r o p h o r e s i s  and computer image a n a l y s i s  
technology i t  w i l l  be p o s s i b l e  t o  a c c u r a t e l y  monitor  p e r t u b a t i o n s  Ln t he  
array of c e l l u l a r  p r o t e i n s  du r ing  chemical carc inogen  t rea tment .  S ince  
both s u s c e p t i b l e  and r e s i s t a n t  c e l l s  t o  mal ignant  t r ans fo rma t ion  have 
been shown t o  produce t h e  i d e n t i c a l  array of m e t a b o l i t e s  f o r  any g iven  
carc inogen ,  the  enzymat ic  process ing  of t he  chemical  may be a l t e r e d  in 
such a way as t o  s h u n t  t h e  metabolism of t h e  carc inogen  touard  or away 
from formation of t h e  r e a c t i v e  in te rmedia te .  By moni tor ing  t h e  enzyme 
systems r e s p o n s i b l e  f o r  a c t i v a t i o n  and d e t o x i f i c a t i o n  i n  the  c e l l  and 
t h e i r  a l t e r a t i o n s  by both carc inogenic  and noncarc inogenic  isomers,  i t  is 
expected t h a t  t h e  pathways c r i t i c a l  f o r  a c t i v a t i o n  and d e t o x i f i c a t i o n  
w i l l  be d i s c e r n i b l e  when compared t o  i d e n t i c a l  p r o t e i n  p r o f i l e s  from 
u n t r e a t e d  ce l l s .  

However, i t  is f i r s t  necessary  t o  develop the  methodology t o  i t s  maximum 
l e v e l  of r e p r o d u c i b i l i t y .  
t e i n  p r o f i l e s  of bo th  human and rodent ce l l s  t o  ascertain basic d i f f e r e n c e s  
i n  t h e  cy toplasmic  and nuc lea r  p r o t e i n  composi t ion i n  c o n t r o l  and 
chemica l ly  t r e a t e d  cells. 
of s e l e c t e d  rodent  and human c e l l u l a r  p r o t e i n s .  
d i g i t i z e d ,  processed i n  an image ana lyzer ,  and s t o r e d  i n  t h e  computer f o r  
comparison a g a i n s t  t h e  p r o t e i n  maps from ca rc inogen- t r ea t ed  cells. 
S p e c i a l  image a n a l y s i s  a lgor i thms w i l l  de te rmine  q u a l i t a t i v e  and quan- 
t i t a t i v e  p e r t u b a t i o n s  i n  cellular p r o t e i n s  between c o n t r o l  and chemical ly  
t r e a t e d  c e l l s .  The f i r s t  chemical probes i n  t h i s  r e s e a r c h  w i l l  be t h e  
u s e  of ca rc inogen ic  and noncarcinogenic isomers of t h e  same po lycyc l i c  
hydrocarbon molecule.  Benzo(a)pyrene and d ibenz (a ,h )an th racene  and t h e i r  
noncarcinogenic  congeners  benzo(e)pyrene and d ibenz (a , c )an th racene  are 
e x c e l l e n t  probes s i n c e  the  l a t t e r  compounds have been p r e d i c t e d  by t h e  
c u r r e n t  bay-region hypo thes i s  t o  possess s i g n i f i c a n t  ca rc inogen ic  poten- 
t i a l .  However, i n  v i v o  and i n  v i t r o  s t u d i e s  have shown benzo(e)pyrene 

Therefore  t h i s  p r o j e c t  w i l l  compare the  pro- 

The p lan  w i l l  be f i r s t  t o  prepare  master maps 
These p r o f i l e s  w i l l  be 

-- -- 
* '  and d ibeaz (a , c )an th racene  t o  be i n a c t i v e  as i n i t i a t o r s .  

Background His to ry  and Needs 

Cheuical  carc inogens  and mutagens are metabolized by a complex of enzymes 
comprised of the  mnooxygenases  as the a c t i v a t i o n  f r a c t i o n ,  and the  
epoxide hydro lases  and cytoplasmic t r a n s f e r a s e s  as the  d e t o x i f i c a t i o n  
f r a c t i o n .  The pr imary func t ion  of the  metabol ic  p rocess ing  of zeno- 
b i o t i c r 7 e t o  render  them biochemically i n e r t  and water s o l u b l e  f o r  more 
f a c i l e  e x c r e t i o n  from t h e  organism. This  enzymatic array has evolved as 
t h e  major mode of d e t o x i f y i n g  chemicals,  and whi le  t h e  l i v e r  is the main 
s i t e  of t h i s  a c t i v i t y ,  the  monooxygenase system appears t o  be ub iqu i tous  
i n  mammalian t i s s u e s .  S ince  w n y  environmental ly  p reva len t  t o x i c  
subs tances  are chemica l ly  s t a b l e  it is  necessary  for  the  tissues t o  deac- 
t i va t e  them by d e r i v a t i z a t i o n  i n t o  innocuous forms (Coon e t  a l . ,  1980). 
llouever, c e l l u l a r  p rocess ing  f o r  parent carc inogens  and mutagens toward 
d e t o x i f i c a t i o n  form t h e  h igh ly  r e a c t i v e  i n t e r m e d i a t e s  t h a t  a r e  now knoun 
t o  be t h e  ca rc inogen ic  and mutagenic forms of t he  molecule (Har r i s  and 
Cerru t t i ,  1982). The database  on carcinogen metabolism has grown 
s u b s t a n t i a l l y  over  the l a s t  decade, and me tabo l i t e  prof i les  f o r  var ious  

-- 

.- 
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chemica ls  from t i s s u e s  and c e l l s  i n  many s p e c i e s  have becn e luc ida ted .  
From t h i s  v a s t  compendium of d a t a  two g e n e r a l i z a t i o n s  have been de r ived .  
I t  appea r s  tha t  a l l  a c t i v e  carc inogens  are  e l e c t r o p h i l e s  (Mi l l e r  and 
Miller,  1977)  and a l l  s p e c i e s  form the  same fami ly  of metabo l i t e s  fo r  any 
g iven  chemical  carcinogen ( S e l k i r k  -- e t  a l . ,  1982). Unfor tuna te ly ,  f o r  a 
g iven  carc inogen ,  w e  a r e  then  faced  u i t h  t h e  r e a l i t y  t h a t  our c u r r e n t  
t h e o r e t i c a l  concepts  and expe r imen ta l  metabol ic  da t abase  cannot e x p l a i n  
t h e  reasons  f o r  the  wide range of s u s c e p t i b i l i t y  t o  malignant t r a n s f o r -  
mat ion by a given chemical among test species. 
lone-term carc inogen  and mutagen a s s a y s  rely on t he  same t y p e  of metabol ic  
a c t i v a t i o n  system (Douglas, 1984) i t  is necessa ry  t o  probe f u r t h e r  i n t o  
t h e  metabol ic  reasons f o r  t h e  r e l a t i v e  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  f o r  
a wide spectrum of chemical carc inogens .  
mal c a r c i n o g e n i c i t y  d a t a  t o  human r i s k  r e q u i r e s  t h e  most complete 
unde r s t and ing  of the r e s p e c t i v e  d i f f e r e n c e s  and s imf lar i t i es  i n  the  pro- 
c e s s i n g  rate o r  s p e c i f i c  modulation of t h e  c r i t i c a l  enzymes f o r  ac t iva -  
t i o n  and d e t o x i f i c a t i o n .  

S ince  a l l  short- term and 

The v a l i d  c x t r a p o l a t l o n  of a n i -  

Data, Data R i g h t s ,  P a t e n t s ,  and Copyrights  

A l l  d a t a  and m a t e r i a l s  s h a l l  be a v a i l a b l e  t o  t h e  Na t iona l  Toxicology 
Program p r o j e c t  o f f i c e r  and/or  h i s  des ignee  f o r  i n s p e c t i o n  or use a t  any 
time d u r i n g  t h e  UA. 
D i v i s i o n  of the Oak Ridge Na t iona l  Labora tory  through the  term of t h e  
IAA. 
processed  i n  the  Biology Divis ion ,  a l l  r e l e v a n t  d a t a  s t o r e d  i n  the  corn- 
p u t e r ,  p ro toco l s  and s tandard  o p e r a t i n g  procedures  developed by the  
l a b o r a t o r y ,  d a t a  generated and c o l l e c t e d ,  and r e p o r t s  and manuscripts  
prepared  by the  Biology Divis ion  on t h i s  p r o j e c t .  

The d a t a  and samples s h a l l  be s t o r e d  i n  t h e  Biology 

The d a t a  set inc ludes  p r o t e i n s  e x t r a c t e d  from c e l l s  and t i s s u e s  h d  

A t  t h e  conc lus ion  of the  p r o j e c t  t h e  d a t a  s h a l l  be shipped t o  the  NTP 
u n l e s s  the  p r o j e c t  o f f i c e r  and p r i n c i p a l  i n v e s t i g a t o r  ag ree  t h a t  i t  is i n  
t h e  b e s t  i n t e r e s t  of the  p r o j e c t  to  l eave  some or a l l  o l  t h e  d a t a ,  o r  
c o p i e s  of t he  d a t a ,  I n  the Biology Div i s ion  a t  ORNL. Data refers t o  
r e c o r d s  on paper  and/or o the r  c o l l e c t i o n  media, but  as such not limited 
t o  computer d i s k s ,  tapes, or  microf iche.  

The aeency s h a l l  acknowledge t h e  suppor t  of t h e  Department of Health and 
Human S e r v i c e s ,  Nat ional  I n s t i t u t e s  o€ Hea l th ,  Na t iona l  I n s t i t u t e  of 
Environmenfal Heal th  Sciences,  whenever p u b l i c i z i n g  the  uork under t h i s  
agreement i n  any mrdia. Support  s h a l l  be acknowledged as follows: 

"This work was conducted lor  the  Na t iona l  Toxicology Program under t h e  
Na t iona l  I n s t i t u t e  of Environment Heal th  Sc iences ,  In te ragency  Agreement 
No. YO1-ES- ." 
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R e p l i c a t i o n ,  Disseminat ion ,  or Use of t h e  Resu l t e  

These r e s u l t s  should be p re sen ted  for  use  of t h e  g e n e r a l  chemical car- 
c i n o g e n e s i s  community t o  h e l p  understand t h e  mechanism of a c t i o n  of chern- 
i c a l  carc inogen  p rocess ing  i n  cells s u s c e p t i b l e  t o  mal ignant  transforma- 
t i o n .  The d a t a  should  be publ i shed  as c o l l a b o r a t i v e  e f f o r t s  between 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 t h e  p r o j e c t  o f f i c e r .  No i n fo rma t ion  may be 
r e l e a s e d  however wi thou t  prior written a u t h o r i z a t i o n  by t h e  NTP p r o j e c t  
o f f i c e r .  

Post-Award Adminfs t ra t lon  and Monitoring * 

MILESTONES 

1. Con t rac t  Award (Day 0 ) .  

2. Gel equipment w f l l  be u t l i t e d  and t h e  sys tem f i n e  tuned f o r  reprodu- 
c i b l y  e l e c t r o p h o r e s i n g  20 'two-dimeneional ge ls  s imul t aneous ly .  
Algorithms will be prepared  for  deve loping  master c o n t r o l  gel imagea, 
and t h e  a b i l i t y  t o  s e a r c h  m u l t i p l e  g e l s  f o r  s p e c i f i c  p r o t e i n s  w i l l  be 
ob t a ined  . 

3 .  The 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  submit a semiannual  r e p o r t .  

4. F i n a l  r e p o r t  reviewing t h e  r e s u l t s  of a l l  s t u d i e s  (by t h e  end of t h e  
in t e ragency  agreement term). 

Statement of Work 

The National Toxicology Program u t i l i z e s  v a r i o u s  sho r t - t e rm and chronic  
assays for  t idx ic i ty ,  c a r c i n o g e n e s i s ,  and geno tox ic  e f f e c t s .  For t he  v a s t  
ma jo r i ty  of envi ronmenta l ly  p reva len t  chemica ls ,  some form of metabolic 
a c t i v a t i o n  is r equ l  red by the  ce l l ' s  microsomal, monooxygenase complex t o  
form r e a c t i v e  i n t e r s e d i a t e s  f o r  m a n l f e s t a t i o n  of t h e  t o x i c  p r i n c i p l e .  
T h i s  r e sea rch  program is designed t o  broaden t h e  eop i r i ca l  approach t o  
a s s e s s i n g  t h e  r o l e  o l  metabolism of chemicals i n  mal ignant  t r ans fo ramt ion  
s u s c e p t i b l e  and r e s i s t a n t  c e l l s .  The o v e r a l l  p l a n  is t o  u t i l i z e  both 
c e l l  types  as probes t o  understand why c e r t a i n  s p e c i e s ,  t i ssues ,  and 
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c e l l s  a r e  p red i sposed  toward malignant t r a n s f o r m a t i o n  by chemlcals and 
compare t h e  a e c a b o l i c  competence, and changes i n  t h e  c e l l u l a r  metabol ic  
machinery d u r l n g  a c t i v a t i o a  and d e t o x i f i c a t i o n  of t h e  carc inogens .  

C e l l  C u l t u r e  

.Studies are to be initiated wi th  t h e  C3tI mouse embryonic ( 1 0 T h )  
f i b r o b l a s t  l i n e ,  which AS h i g h l y  r e l i a b l e  f o r  malignant t r ans fo rma t ion  
s t u d i e s  by chemica ls .  
medium wi th  10% h e a t  i n a c t i v a t e d  f e t a l  c a l f  serum, g lu tamine ,  2 at4 and 
p e n i c i l l i n  (110 u n i t s / m l )  and s t r ep tomyc in  (110 mcg/ml). 
passaged every  10 days  and p l a t e d  a t  0.5 x cells/6O-mm dish .  Media 
changes are made a t  5-day i n t e r v a l s  and t h e  cells  are maintained a t  37'C 
and 72 C02 i n  a i r .  
venth  passage f o r  optimum t r a n s f o r m a t i o n  c a p a b i l i t y .  
ob ta ined  c o u r t e s y  of t h e  Oak Ridge Methodis t  Hosp i t a l .  
i n t o  small pieces and p l a t e d  i n  Dulbecco's medium wi th  high g lucose  and 
a n t i b i o t i c s  a8 above. 
passaged wi th  mild t r y p s l n i z a t i o a .  

The c u l t u r e s  are main tafned  i n  Eag le ' s  basal 

Cells are 

C e l l  c u l t u r e s  will be used between t h e  f i f t h  and ele- 
Human f o r e s k i n s  ate 

The t i e s u e  is c u t  

F i b r o b l a s t s  grow o u t  from t h e  e x p l a n t s  and are 

Transformat ion  Assays 

Transformat ion  a s s a y s  w i l l  be performed a c c o r d i n g  t o  Reznikoff e t  a l .  
(1973) i n  t h e  f o l l o w i n g  marmer. 
ce l l s  each from f r e s h l y  c o n f l u e n t  c u l t u r e s  i n  5-ml medium. 
c o n t r o l s  and 30 DMSO (0.5%) c o n t r o l s  are inc luded .  
hrs, 48 h r s ,  and 6 days.  
reach  confluency and then  once ueekly. After 6 weeks t h e  medium is 
removed and t h e  cel ls  washed w i t h  phosphate b u f f e r e d  saline,  f i x e d  with 
methanol, and s t a i n e d  wi th  Giemsa, and s c o r e d  f o r  t ransformed f o c i .  
Numbers w i l l  be r e p o r t e d  as t ransformed f o c i  ( t y p e s  I ,  11, or  111) per 
d i s h .  I n  one 
assay cells are seeded  a t  200 cells/60-mm d i s h  i n  separate groups of 10 
d i s h e s  f o r  ca rc inogen- t r ea t ed  and DMSO s o l v e n t  c o n t r o l .  Botueen 7 and LO 
days  t h e  taedium is removed and t h e  d i s h e s  s t a i n e d  wi th  Giemsa. Both 
c o n t r o l  and t r e a t e d  c o l o n i e s  are counted f o r  p l a t i n g  e f f i c i e n c y  d e t e r -  
mina t ion  i n  t h e  f o l l o w i n g  manner: 

-- 
T h i r t y  60-mm d i s h e s  are seeded  at  1000 

Exposure times are 24 
Medium is changed twice weekly u n t i l  t he  d i s h e s  

T h i r t y  u e d i a  

C y t o t o x i c i t y  w i l l  be performed i n  t h e  fo l lowing  manner: 

Pe rcen t  p l a t i n g  e f f i c i e n c y  = number of c o l o n i e s / d l s h  X 100/200 (seeded  
ce Us-). * 

Percen t  p l a t i n g  e f f i c i e n c y  = PE ( t r e a t e d )  X 100/PE ( c o n t r o l ) .  
- 

For t h e  second c y t o t o x i c i t y  a s say  f i v e  d i s h e s  (1000 cells/6c)-mm d 
each f o r  chemical t r ea tmen t  and DPISO c o n t r o l  are used. A f t e r  t he  
d e s l g n s t e d  i n c u b a t i o n  per iod  t h e  cells are l i g h t l y  t r y p s i n i z e d  (0 
min) and counted I n  e i t h e r  a hemacytometer or C o u l t e r  coun te r .  
C y t o t o x i c i t y  i s  expres sed  as fo l lows:  

Pe rcen t  t o x i c i t y  t h e  number of c e l l s  treated X LOO/control. 

1 0 5 2 0 0 2  



_- 

a .  

- 7 -  

Radiolabeled cytoplasmic and nuclear proteins a re  isolated from c e l l s  
grown to  confluence on 1Oo-mrp t i s sue  culture plates  according t o  a 
modification of the method described by Berezney and Coffey ( 1977). 
are used a t  4OC and contain 0.5 mH phenylmethyl sulfonyl fluoride (PMSF) 
to i n h i b i t  protease ac t iv i ty .  The c e l l s  are  lysed using a Dounce homogenizer 
i n  10 mH Tris pH 7.4. 
Xg for 10 mfn, resuspended i n  Tris, homogenized, and pelleted once more. The 
supernatant cytoplaamic f r ac t ions  are  combined and dialyzed t p e  against 100 
volumes of t r i p l e - d i s t i l l e d  water containing 0.5 mH PWF a t  4 C and f i n a l l y  
frozen and lyophilized. 
assay (Weigele e t  al., 1972) before electrophoresis. The electrophoretic 
assay can be s i m p l i f i e d  by subfractionation of the cy top laa i c  components by 
d i f fe ren t ia l  centrifugation (15,000 g = mitochondrial, 100,000 g = microsomal, 
100,OOOg supernatant = soluble enzymes). Each cytoplasmic protein fract ion 
is  dialyzed, lyophilized, and quantitated before b e i n g  analyzed by 
two-dimensional gel electrophoresis. Crude nuclear pe l l e t s  derived from the 
cytoplaamic protein i so l a t ion  procedure above are  then suspended 2.2 mH 
sucrose, 50 mH Tris, pH 7.4,  5 id4 HgC12, and centrifuged a t  40,000 g for  
90 mfn in a Beckman 5OTi  ro tor  t o  shear off cytoplaamic proteia adhering to  
the nuclear membrane. The nuclear pe l le t  is suspended, washed, and 
centrifuged a t  800 x g two times i n  0.25 H sucrose, 50 ad4 Trts, pH 7.4, and 
5 mH HgC12. 
guanidine hydrochloride, 10 mH EDTA, pH 7.0, and sonicated i n  30 sec b u r s t s  
a t  -20 watts w i t h  a Branson sonlfier. 
lyophilized, quantitated, and prepared for  i soe lec t r ic  focu3ing gels. 

Buffers 

The crude nuclear preparation is then pelleted a t  100 

Proteins a re  quantitated according t o  the fluorescamine 

Total nuclear proteins can then be solubilized i n  6 H 

The residue is then  dialyzed, 

Ele- of Cvto-ear Protein 
*Fractions 

First Dimension: I soe lec t r ic  Focusing . 
Carbon-1 4 amino-'acid labeled cytoplaamic and nuclear proteins from cells 

grown i n  culture are  analyzed using a modification of the  O'Farrell h igh  
resolution two-dimensional electrophoresis technique (O'Farrell,  197s). 
Routinely, 100 g ce l lu la r  PrOt'ein fraCtlOlw (prepared a s  described) are 
dissolved i n  10 1 l y s i s  buffer ( 9 . 5  M urea, 2.0% NP-40, 2% Ampholytes pH 
3.5-10 (LKB) , 5.0% beta-mercaptoethanol) and loaded on each isoelectr ic  
focusing tube gel  (ge l  composition: 9.17 H urea, 2% Ampholytes pH 3.5-10, 4% 
acrylamide, 6% bis-acrylamide, 0.2% NP-40, 0 .OY ammonium persulfate, and 
0.0013% TEED; gel size:  1.5 mm 1.d. x 130 mm). The cathode solution is 
30 mH NaOH and the  anode solut ion i s  10 mH H PO . The samples are 
loaded under the cathode solut ion and isoele&r!cally focused for  a t o t a l  of 
690 vhr/cm. The i n i t i a l  75% of the volt-hrs a re  r u n  a t  450 volts  and the  
f ina l  25% of the volt-hrs a r e  run  a t  2000 vol ts  for band sharpening. 

Second Dimension: SDS Polyacrylamide Slab Gel Electrophoresis 

After electrofocusing, t h e  f irst  dimension ge ls  a re  soaked in 
equilibration b u f f e r  (105 glyoerol, 8.6 dl d i th io l th re i to l ,  23 SDS, 0.125 H 
Tris-HC1,  pH 8.6 f o r  10 min and then loaded d i rec t ly  onto the top of the 
second dimension ( 160 X 1 4 0  X 1 .S mm) gel. Standards a re  placed alongside 
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t h e  t u b e  ge l s  a s  a molecular  w e i g h t  r e f e r e n c e .  The second dimension g e l  is 
composed of a 10-20% polyacrylamide g r a d i e n t ,  (Anderson e t  a l . ,  1978). The 
running  b u f f e r  is composed of 0.025 M Tris pH 8.3, 0.192 M g l y c i n e ,  and 0.1% 
SDS. E l e c t r o p h o r e s i s  is c a r r i e d  o u t  t o  175 ma-hr/gel s l a b .  a e l v e  such 
s l a b  g e l s  a re  r u n  s imul taneous ly  for  r e p r o d u c i b i l i t y .  After e l e c t r o p h o r e s i s ,  
t h e  p r o t e i n s  w i t h i n  t h e  s l a b  gel are then p r e c i p i t a t e d  i n  20% Ethanol, 5% 
a c e t i c  acid,  and 2.5% s u l f o s a l i c y l i c  acid. 

The geis are  e i ther  s i l v e r  s t a i n e d  or prepared  f o r  f luorography ( u s i n g  
t h e  f l u o r s  s u p p l i e d  i n  Amplify by Amersham). Kodak SB X-ray f i l m  is 
p r e f l a s h e d  t o  a n  o p t i c a l  d e n s i t y  of 0.15 and sandwiched w i t h  t h e  d r i ed  
f luor- impregnated gel and r a d i o a c t i v i t y  c a l i b r a t i g n  s t r i p s  ( f o r  r a d i o a c t i v i t y  
q u a n t i t a t i o n  i n  p r o t e i n  s p o t s )  and exposed a t  -80 C for t h e  appropr ia te  
time per iod ,  developed and scanned o n  t h e  drum scanner .  

Sea-trv and Two D - t r o w  
Processitlg 

The developed X-ray f i l m  c o n t a i n i n g  t h e  2D gel image and r a d i o a c t i v i t y  
c a l i b r a t i o n  s t r i p s  is d i g i t i z e d  a t  100 microns r e s o l u t i o n  o n  a n  Optroaics  
Photoscan P-1000 Model 30-D drum scanner.  The o r i g i n a l  scanner  data, of 
approximately 2.4 M b y t e s  are s t o r e d  on a 457 M b y t e  d i s k  u n i t  under t h e  
c o n t r o l  of a PDPl1/70 computer20perating under  RSXllM+. 
images are ana lyzed  u s i n g  a n  I S Model 75 image p r o c e s s i n g  system 
( I n t e r n a t i o n a l  Imaging Systems, M i l p i t a s ,  California).  The image a n a l y s i s  
algorithms i n c l u d e  non- l inear  f i l ters f o r  background r a d i o a c t i v i t y  removal, 
r o u t i n e s  t o  detect and c h a r a c t e r i z e  each p r o t e i n  s p o t  by a smal l  se t  of 
parameters  t h a t  describe shape, size, and spatial l o c a t i o n  o n  t h e  gel ,  and 
g i v e  a n  i n t e n s i  t y  estimate for  q u a n t i t a t i o n  based on r a d i o a c t i v i t y  
i n c o r p o r a t i o n  i n t o  t h e  pro te in .  This reduced data set ,  a s  few a s  5 values  
per s p o t  are p o s s i b l e ,  d e f i n e s  each p r o t e i n  s p o t  o n  a n  image and is stored on 
d i s k  t o  form p a r t  of a n  image data base for comparison between var ious 
carc inogen  t r e a t m e n t s .  . I n  order t h a t  many d i f f e r e n t  f i l m  images can be 
compared w i t h i n  t h e  data base, each image must be registered t o  re ference  
s p o t s  on t h e  master image composite. 
( a l r e a d y  i n  u s e )  is employed by t h e  image p r o c e s s o r  which a l i g n s  and 
registers t h e  composi te  and experimental  images. It i s  t h e  reduced d a t a  set 
which  is a c t u a l l y  used i n  making comparisons of p r o t e i n  p e r t u r b a t i o n s  in t h e  
v a r i a n t  cell p o p u l a t i o n s  after carcinogen t r e a t m e n t ,  

Subsequently t h e  

A rubber-sheet  warping algorithm 

For t h e  growing data base, algorithms are being developed t o  direct t h e  
h o s t  computer to  search and compare images produced i n  c o n t r o l  experiments t o  
t h o s e  images from c e l l s  treated w i t h  carcinogen,  promoters and o t h e r  
chemicals. A t echnique  t h a t  i n v o l v e s  g e n e r a t i n g  ra t ios  of one image r e g i o n  
w i t h  r e s p e c t  t o  a n o t h e r  w i l l  be u t i l i z e d  i n  our a p p l i c a t i o n  t o  analyze 
r e l a t i v e  r a d i o a c t i v e  label i n t e n s i t y  among p r o t e i n s  of i n t e r e s t .  

Time course s t u d i e s  w i l l  be performed over  v a r i o u s  incubat ion  periods 
to  follow t h e  rate of i n d u c t i o n  of cellular p r o t e i n s  involved i n  carcinogen 
a c t i v a t i o n  and d e t o x i f i c a t i o n .  
reaches a s i g n i f i c a n t  l e v e l ,  we w i l l  a t tempt  to  develop  a k i n e t i c  d e s c r i p t i o n  
of i n d u c t i o n  for t h e s e  c r i t i ca l  enzymes i n  t h e  ce l l  for carcinogen processing 
i n  both r e s i s t a n t  and s u s c e p t i b l e  cells t o  malignant  transformation. 
model w i l l  h e l p  d e f i n e  t h e  dynamic d i f f e r e n c e s  between t h e  metabolism of 

When t h e  data assembled i n  t h e  computer 

Such a 
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s u s c e p t i b i l i t y  t h a t  results i n  malignant t r ans fo rma t ion  and a mechanism 
o f  r e s i s t a n c e  where t h e  c e l l  has succeeded i n  r e p a i r i n g  t h e  damage. The 
commonality of r e a c t i v e  i n t e r m e d i a t e s  in a l l  species can than  be viewed 
from t h e  vantage  p o i n t  of a more complete knowledge of how ce l l s  se lec-  
t i v e l y  p rocess  ca rc inogens  through t h e  many a v a i l a b l e  me tabo l i c  d i r ec -  
t i o n s .  

Pe r sonne l  Requirements and Level  of E f f o r t  

The proposed p r o j e c t  r e q u i r e s  t h r e e  d i s t i n c t  types of e x p e r t i s e :  An 
i n d i v i d u a l  h i g h l y  t r a i n e d  i n  mathematics of image a n a l y s i s  technology 
w i t h  a s t r o n g  background i n  computer s c i e n c e  (it  is a n t i c i p a t e d  t h a t  t h i s  
r e q u i r e s  a d o c t o r a l  l e v e l  p o s i t i o n ) ;  i n  a d d i t i o n  t h e r e  is need f o r  two 
t e c h n i c a l  s t a f f  -- one wi th  expe r i ence  i n  i s o e l e c t r i c  f o c u s i n g  and two- 
d imens iona l  g e l  e l e c t r o p h o r e s i s  of p r o t e i n s ,  and t h e  second ind iy fdua l ,  a 
c e l l  c u l t u r e  t e c h n o l o g i s t ,  w i t h  expe r i ence  i n  i n  v i t r o  t r ans fo rma t ion  and 
mutagenes is ,  metabolism i n  v i t r o  and t h e  e s t ab l i shmen t  of r o u t i n e  primary 
c u l t u r e s  froln rodents .  In a d d i t i o n ,  t h i s  i n d i v i d u a l  must have some 
e x p e r i e n c e  w i t h  t h e  u s e  of a f l u o r e s c e n c e  a c t i v a t e d  ce l l  a o r t e r .  It is 
a n t i c i p a t e d  t h e  l a t te r  two i n d i v i d u a l s  will u t i l i z e  100% of t h e i r  time on 
t h i s  p r o j e c t .  The f i r s t  indfv idual  w i l l  provide 10% e f f o r t  on t h i s  pro jec t .  

-- -- 

T r a v e l  Requirements 

Funds w i l l  be needed f o r  q u a r t e r l y  v i s i t s  (one person) 0.n t h e  p r o j e c t  t o  
NIEHS. Each v i s i t  w i l l  l a s t  for not more than two days. 

Award of C o n t r a c t s  

It i s  a n t i c i p a t e d  one interagency agreement w i l l  be awarded. 

D e l i v e r a b l e  Repor t ing  Requirement 

D e s c r i p t i o n  r e p o r t  on c u r r e n t  l e v e l  of r e sea rch  concern ing  development of 
a n a l y t i c a l  a l g o r i t h m s  and p rogres s  in t h e  increased  c a p a b l l i t y  of runnfng 
m u l t i p l e  two-dimensional g e l s  w i th  h ighe r  degrees of r e p r o d u c i b i l i t y .  
Quan t i ty  t o  be determined. Date due semiannual. De l ive ry  addres s  w i l l  
be t o  P r o j e c t  O f f i c e r ,  Dr. James K. S e l k i r k ,  Carcfnogencsis and 
Toxicology Eva lua t ion  Branch, Na t iona l  I n s t i t u t e  of Environmental Health 
Science's,  g.0. Box 12233, Research T r i a n g l e  Park, North C a r o l i n a  27709. 
A f i n a l  report  sha l l  be due on or  before the agreement exp i ra t ion  date. 

P r o j e c t  O f f l c e r  and A l t e r n a t e  P r o j e c t  O f f i c e r  

P r o j e c t  O f f i c e r :  D r .  James K. S e l k i r k ,  Carc lnogenes ls  and Toxicology 
E v a l u a t i o n  Branch, Na t iona l  I n s t i t u t e  of Environmental Hea l th  Sc iences ,  
P.O. Box 12233, Research T r i a n g l e  Park, North Caro l ina  27709. 
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P e r  

T h i s  p r o j e c t  r e q u i r e s  u t i l i z a t i o n  of mathematical, biochemical,  and 
c e l l u l a r  b i o l o g i c a l  s k i l l s  i n  order t o  develop a biochemical scheae t h a t  
monitors changes i n  s u s c e p t i b l e  and r e s i s t a n t  cells  as carcinogens or other 
toxic chemicals are carried through the  a c t i v a t i o n  and d e t o x i f i c a t i o n  
process. 
and p r o f e s s i o n a l  i nd iv idua l s .  The ce l l  biology, the  biochemistry,  and t h e  
mathematical development of t h e  data can be c l o s e l y  a l igned  80 a mechanism 
f o r  bioohemical toxicology can  be assembled when a s u f f i c i e n t l y  large data 
base is  developed f o r  numerous r e s i s t a n t  and susceptible cells i n  a, a e r i e s  of 
known chemical carcinogens of widely  d ive rgen t  s t r u c t u r e .  

The project w i l l  require close c o l l a b o r a t i o n  between the  technical 

. 
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PROPOSED BUDGET 

Staff 

Professional 
Dr. R .  Mann 

Technic ians 
A. Noghrei-Nikbakht 
B .  Mansfield 

Total Staff 

Other Direct Cost 

Fringe Benefits 
(3 22.0% of Labor 

Division Administration 
@ 32.0% of Labor 

*Materialsfsupplies 

Animals 

Utilities 

Total Other Direct Cost 

TOTAL DIRECT COST 

Indirect Co s t 

Laboratory Overhead (3 33.5% 
of Total Direct Cost 

MY 

0.1 

1.0  
1 . 0  

2 . 1  

$ 

$5,824 

29,120 
29,120 

$64,064 

$14,094 

20,500 

24,487 

10 ,260 

51,253 

$1 20,594 

$184,658 

$61,860 

TOTAL PWJECT COST $246,518 

*See detailed budget 
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EXPLANATION 

STAFF : 

Man-year c o s t  i s  based on 2,080 hours  p e r  y e a r .  
i n c l u d e  any absence time ( s i c k ,  v a c a t i o n ,  e t c . ) .  

T h i s  f i g u r e  would 

OTHER DIRECT COST: 

Fr inge  B e n e f i t s  - R e f l e c t s  t h e  Company's c o s t  o f  employee p l a n s  (group 
insurance ,  sav ings  p l an ,  den tal insur.ance, pension p lans)  and t h e  
l e g a l l y  requi red  b e n e f i t s  (FICA t a x e s ,  unemployment compensation, 
worker 's  compensation, p u b l i c  l i a b i l i t y  insurance) .  These c o s t s  are 
c o l l e c t e d  and d i s t r i b u t e d  monthly on t h e  b a s i s  o f  l a b o r .  The f r i n g e  
b e n e f i t  rate i s  pro jec ted  t o  b e  22.0% f o r  t h e  d u r a t i o n  of t h e  proposed 
p r o j e c t .  
be charged monthly. (22% x $64,064 = $14,094) 

I n  t h e  ORNL Uniform Accounting System, t h e  a c t u a l  r a t e  w i l l  

Div is ion  Adminis t ra t ion - E s s e n t i a l l y  a D i v i s i o n  overhead cost. Costs  
r e l a t e d  t o  Divis ion management are c o l l e c t e d  h e r e  and d i s t r i b u t e d  
monthly t o  t h e  Div is ion  Cost Collect  C e n t e r s  on t h e  b a s i s  of l abor .  
A rate of  32.0% is  p r o j e c t e d  f o r  t h e  d u r a t i o n  of  t h e  proposed p r o j e c t .  
The major c o s t  elements are t h e  salar ies  and f r i n g e  b e n e f i t s  of t h e  
fo l lowing  personnel:  D i v i s i o n  Director, S a f e t y  and R a d i a t i o n  Control  
O f f i c e r ,  Recept ionis t ,  P u r c h a s i n g  ( 2 ) ,  Technica l  S e c r e t a r i a l  s t a f f  ( l o ) ,  
Adminis t ra t ive  and Budget (4), and E d i t o r i a l  (1) .  Telecommunications 
charges  are a l s o  c o l l e c t e d  h e r e .  (32% x $64,064 = $20,500)  
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Materials and Suppl ies  

CT COSTS - 4 .u 

Quantitv 

ure  Asso- 

60 nun TC Plates 
100 mm TC Plates 
S t e r i l e  P i p e t t e s :  

25 ml capacity 
10 ml 
5 m l  
1 m l  " 

Pasteur Pipettes (9") 
( sn l  

Pipe t t e  Tips 
S t e r i l e  Centrifuge Tubes (50 m l )  

n n (I (15 ml) 
BME Medium 
DME " 
Gentamicin 

W n 

8 cases  
3 cases 

54 Pkg 
20 P k g  
12 Pke 
4 Pkg 
2 boxes 
8 boxes 
4 bags 
2 cases 
3 cases 
6 boxes 
6 boxs 
2 u n i t s  

$ 1 3  .OO/case 
163 .OO/case 

2.50/pkg 
10.04/pkg 
6 .OO/pkg 

14.OO/pkg 
6.76/box 
2.06/box 

1 0 .OO/ bag 
109.88/case 
90.00/case 
10. go/bOx 
10 .go/ box 
53.90/uni t 

TISSUE CULTURE SUBTOTAL 

RadioisotoDes 

[ ' 4C]Amino Acids 
C3H] Benzo(a) Pyrene 

Amount 

$1016 
489 

135 
20 1 

72 
56 
14 
16 
40 

220 
27 0 

65 
65 

108 

$2,767 

$2,975 7 m C i  $425 .OO/mCi  
25 m C i  400.00/25 m C i  lrop 

RADIOISOTOPES SUBTOTAL $3,375 

Tuo-Dimensional  G e l  Electr- Associated 

Protein Markers 2 k i t s  $35.00/kit 70 
(PWF) Phenyl Methyl Sulfowl Fluoride 25 6 66.09/25 02 66 
( M A )  Hexamethylene-Bis-Acetamide 50 6 23.00/50 g 23 

400 mg 13.00/100 mg 52 
2000 g 16.00/500 g 64 
3000 nrl 14.00/500 m l  84 

Benzidine 
Tris Base 
Glycerol 
Ethanol 

D i a l y s i s  Membrane 
Electrophoresis Plates 
Plastic S c i n t i l l a t i o n  Vials 
Glass S c i n t i l l a t i o n  Vials 
AqUaSOl 
Polaroid Types8 Film 
35 mm Polaroid S l i d e  Film 
F i l t e r  Paper 
Disposable Gloves 

5 - S u l f 0 ~ d l i ~ y l i ~  Acid 

I I 

u t i l i t y  wipes 
Aluminum Foil 

1 0 5 2 0 l O  

30 gal 

1 Pkg 
1 Pkg 
2 cases 
2 cases 
4 gal 
6 boxes 

20 Pkg 
1 Pkg 

10 Pkg 
15 Pkg 
6 cases 
4 rol ls  

3000 g 
5.00/gal 

16.00/500 g 
78.00/pkg 

38.001case 
45.OO/case 
65.89/gal 
26.87/bo~ 
14.85/pkg 

5.63/box 
5 82/box 

17.821case 
4.081roll 

300 OO/pkg 

25 OO/pkg 

TWO-DIMENSIONAL GEL ELECTROPHORESIS AND 
ASSOCIATED EXPENDIBLES SUBTOTAL 

150 
96 
78 
300 
76 
90 

26 4 
16 1 
297 
25 
56 
87 

1 07 
3 

$2,162 



Amp1 if  y 
X-Ray Film 
X-Ray F i l m  Developer and Fixer 

FLUOROGRAPHY SUBTOTAL 

20 1 $ 50.00/1 
2 boxes 134 .OO/box 

25 Pkg 4 .OO/pkg 

TM Analytic Contract for Searle  
S c i n t i l l a t i o n  Counter 1 year $3,895 .OO/yr 

International Imaging Systems Contract 
for Model 75 Image Processor 1 year 6,920.00/yr 

MAINTENANCE CONTRACT SUBTOTAL 

Travel 

Round T r i p s  from Oak Ridge to NIEHS 4 500 .OO 
S c i e n t i f i c  Meeting Allowance 1-2 1,000-2,000 

TRAVEL SUBTOTAL 

GRAND TOTAL 

$1,000 
26 8 
100 

$1,368 

$3,895 

6.920 
$10 , 81 5 

$2,000 
2.900 

$24,487 
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Animals - These c o s t s  are charged monthly on t h e  b a s i s  of  Mouse Cage 
Equiva len ts  (MCE'S). 
Based on h i s t o r i c a l  d a t a ,  t h e  average c o s t  per  MCE i s  p ro jec t ed  t o  be 
$28.50/month. 

This  p r o j e c t  proposes t o  use 30 M C E ' s  p e r  month. 

($28.50 x 30 MCE's/mo x 1 2  mos = $10,260) 

Uti l i t ies  - These costs are made up o f  charges  from th ree  sources :  
e lec t r ic i ty ;  steam, water, and compressed a i r ;  and u t i l i t y  o p e r a t o r s .  
Cos ts  are d i s t r i b u t e d  t o  p r o j e c t s  on t h e  b a s i s  of  square  f o o t  usage 
of  space. 

I N D I R E C T  COSTS 

Labora tory  Overhead - These c o s t s  are made up o f . two  t y p e s :  

General  and Adminis t ra t ive--costs  r e s u l t i n g  from the  miscel laneous . 
bus iness  and a d m i n i s t r a t i v e  f u n c t i o n s  b e n e f i t i n g  the  l a b o r a t o r y  as 
a whole (Heal th  Div i s ion ,  j a n i t o r s ,  Safe ty  Department, f i r e  pro tec-  
t i o n ,  l i b r a r i e s ,  e t c . ) .  

General  P l a n t  Services--costs  r e s u l t i n g  from miscel laneous s e r v i c e s  
necessary  f o r  t h e  o p e r a t i o n  and upkeep of  t h e  e n t i r e  l abora to ry ,  and 
no t  r e l a t i n g  t o  a s p e c i f i c  f i e l d  func t ion  (mail s e r v i c e s ,  s t o r e s ,  
timekeeping, food s e r v i c e s ,  t r a v e l ,  e t c . ) .  

All overhead c o s t s  from t h e s e  two c a t e g o r i e s  are d i s t r i b u t e d  d i r e c t l y  
t o  s p e c i f i c  p r o j e c t s  o n . t h e  basis of t o t a l  c o s t s  less any approved 
exempt ions .  
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