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The c a r c i n o g e n i c i t y  of t h e  po lycyc l i c  aromatfc  hydrocarbon 

benzo(a)pyrene [Bca)P] is-  thought t o  r e s u l t  from tfie metabol ic  Eorma- 

t i o n  of a h i g h l y  r e a c t l v e  in t e rmed ia t e ,  7,8-ditiydrodfol-9.,10-oxy-~-(a).~ 

(.Fig. 1 )  which. subsequent ly  i ' n t e r ac t s  w i t h . c e l l u l a r  macromolecules t o  . . 

produce neop la s i a  (:10.,12,14,21,23,26,30.,31)-. Evidence h a s  been presented  

imp l i ca t ing  similar "bay-region'' diol-epoxfdes as tt ie u l t i m a t e  carc inogenic  

f o m s  of Genz:Ca)ant-kacene (-2'2,271 , 7-methyl-Eenz ( a l an th racene  (?I, dlbenz- 

(a,hJ.anthracene e9), and chry&ene (128). Benzo (k lpyrene  I ~ ( e l p 1 ,  on t h e  o t h e r  
' 

. . . . 

hand, is r ~ l a t i v e l y  i n e r t  when t e s t e d  f of carciriogenici.ty on mouse s k l n  (-16, 

251, and r a t  t r a c h e a  C241 and when t e s t e d  f o r  mutagenfcfty.  i n  a mammalian 
. . .  : ,  . .: . .  . . . .  . : .  . .  . . _ . . : I . .  . . . . . . . . . . . . .  

s y s t e n  (:el-. ~;(je:~-k contai'ns- two ( equ iva l en t1  Ziay. reg2ons  (Ffg. 1)- and 'quantum 
. . . .  . . . 

. - 
' mechanical node1 c ~ l c u l a t l o n s  sugges t  t h a t  !!,lo-dfhydrodi'ol-ll,12-oxy-B Ce1.P 

. . 

B 
can  e a s i l y  form a reactive Gay-region-adjacent carbonium i o n  (31). I n  o r d e r  

t o  e x p l a i n  t h e  noncarcinogenfci ' ty of E(e)_P i n  t h e  con tex t  ,o f  t f i e  bay r e g i o n  
. .  . 

theory ,  we Have s.tudi' ed the: metali'ol2sm of 8 (je)_P Ey . r a t  1lve.r mi?crosornci and . . 

by c u l t u r e d  hamster embryo f i b r o b l a s t s .  I n  both  systems, t h e  major metabol ic  

pathways invo lve  t h e  K-region of Bl-e)-P, wfth l i t t l e  o r  no a t t a c k  on t h e  i so-  

l a t e d  6enzo r i n g .  These r e s u l t s  suggest  t h a t  t b e  l a c k  of c a r c i n o g e n i c i t y  of 

BC_e-)_P may r e f l e c t  fts p r e f e r r e d  mode of Zn te rac t ion  wi'th. t h e  c e l l u l a r  

me.tabol2c machinery.. 



MATERI'ALS AND METHODS 

Chemicals 

Tri t ium-labeled B (:a)-P ("ersham, Ar l fngton  Helghts ,  IL,  - 4 25 ~T/mmol) 

. ~ 

was d i l u t e d  with.  unlabe.led B(a):P (Aldrfch,  Milwaukee, Wf, gold l a B e l l  t o  

a s p e c i f i c  a c t i v f t y  of 3.15 Ci/mmol, and s t o r e d  a t  -20°C d i s s o l v e d  I n  dfmethyl- 

s u l f o x i d e  CDMSO)., a t  0..9 mM. - A s t o c k  s o l u t i o n  of t r i t fum- labe led  B.(e).P 

(Midwe.s.t. Research. I n s t i t u t e ,  NCT Cont rac t  No. NOI-CP-33387, 5.02 Ci'/mmol)_ 

< 
w a s  2rspared and s t o r z d  similarly, bu t  a t  a f i n a l  s p e c i f i c  a c t i v f t y  of 2.51 

C i / m o l .  U l t r apu re  guan id ine  H C 1  was obta ined  from ~ c h w a r z / ~ a n n  (prangeburg, 

NY).; d e n s i t y  g r a d i e n t  grade Cs2S04 was from Atomergic Chemetals Garle P lace ,  

NY).. Glucurase: (a p r e p a r a t f o n  of 6-glucuroni.dase con ta ln ing  v e r y  low a r y l  . , . . .. . . . . . . . .. 

s u i f z t a s e  ac t fv i t y )  was obta ined  froin STgma Chemical CO. (S t .  Loufs,  MO). 

C e l l s  and Lsb.eling . . 

. . 

D '  ' Hamster en'dryo f f b r o b l a s t s  (HEF) were grown i n  100  mrn d f s h e s  a s  desc r ibed  

(20.1.. A l l  experi'ments,were. performed on conf luen t  t e r t i a r y  c u l t u r e s  which: 

had been p l a t e d  a t  a 1: 2 -dZlut?on.  t h r e e  days. p r2or  t o  t h e  b e g l n n h g -  of t h e  . , - 
' . 

l abe l sng  peri.od. Nedium was. rep laced  ~ 5 t h .  10  m l  of f r e s h .  medium contafn2ng 

. labe led  PAH a t  a f f n a l  concen t r a t ion  of 4 pM and Tncubation cont ihued  f o r  24 h r .  
I 

The f i n a l  concentrat2,on of DMSO was.0..44%, a l e v e l  whi"ch.gfves no measurable 

c y t o t o x i c i t y  a t  24 Fir. 

Analys2s. of Ext race . l lu la t  Hef aB.ol2tes 

Af t e r  24 Iir <ncubati"on of PAH. wf th  c e l l s ,  the: e x t r a c e l l u l a r  medfum was 

asp: r a t e d ,  the.  c e l l s .  were gent ly .  washed wfth 5' m l  phosphate. Euf f e r ed  s.aline., 

and t h e  wash, and medium combfned. Organfc so lvent -so luble  meta l5ol~ . tes  were. 

prepared Iijr twice  extract i 'ng t h e  medium wi'th 2.5' v o l  e t h y l  ace ta te . .  The. 

d i s t r i b u t i o n  of e t h y l  ace t a t e - so lub le  metaEoli ' tes w2thin the. medium was ' 



analyzed by high-pressure l i q u i d  chromatography (-HPLC) w i t h  a Spec t r a  

Phys i c s  3500-B chromatograph f i t t e d  w i t h  a 1 m Zor6ax ODs  column (Dupont 

I n s t . ,  Wi'lm+ngton, DE).. and e l u t e d  wTth a l i n e a r  30-70% methanol and .water  

g r a d i e n t  a s  p rev ious ly  descr ibed  (118). ' 

The aqueous phase w a s  re -ex t rac ted  twice  wf th  2.5 v o l  e t h y l  a c e t a t e .  

Me tabo l i t e s  which had been conjugated t o  g lucu ron ic  a c i d  were r e l e a s e d  by a 

16  h r  t r ez tmcn t  a t  37°Cwi~ l i .~ -g lucuron idas~e  as desc r ibed  p rev fous ly  (4 ) .  The 

oxygel:aced i n e r ~ E o l l t e s  re lea2ed  from t h e  g lucuronide  conjugates  were e x t r a c t e d  

twice. wtth 2.5 . v o l  e t h y l  a c e t a t e  and analyzed by HPLC. 

S u b c e l l u l a r  F r a c t i o n a t i o n  

The washed c e l l  monolayers were harves ted  a f t e r  a 1 5  mi'n i ncuba t ion  a t  
. . . . 

. .  . 

37°C wich 0.052 t r y p s i n ,  0.022 2 thy lene  d ia ine tSt race t fc  acid'  CEDTA) i n  phosphate. 

bu f f e red  sali 'ne,  then  washed twfce a t  0-4OC w i t h  b u f f e r  con ta in ing  10  mM NaC1, - 
10 mM - ~ r i s '  (pH 7.0.),, 1 .5  mM MgCl and resuspended i n  t h e  same buffer. ,  The solu-  - 2 

t i o n  was ad jus t ed  t o  0.5% T r i t o n  X-100 and 0.5% Na deoxycholate  and l y s i s  was.  

completed by 10-15' s t r o k e s  of a motor-driven Pct ter-Elvejem homogenizer.. 

Nucle2 were deposi'ted by c e n t r i f u g a t i o n  a t  1000 x g. Cytoplasmic o rgan ic  

s o l v e n t  so1ub;le m e t a b o l f t e s  w e r e  determfned By. e t f iy l  a c e t a t e . e x t r a c t i o n  of 

t h e  supe rna t an t  foll'owed by HPLC. The nuclei'  were. f r e e d  of r e s f d u a l  cytoplasm 

by r e p e a t h g  t h e  Aomogenfzation s t e p .  

I sopycnic  Separa t ion  

The nuc lea r  p e l l e t  was ly sed  and chromatfn sheared by resuspens ion  i n  6.M 
-. 

guanidine.HC1, 10'mM - EDTA (pH 7.01, and soriicat20.n. The l y s a t e  was e x t r a c t e d  

t h r e e  t imes  a t  room temperature. w i th  3 v o l  e thy l '  a c e t a t e -  (water-saturated)- ,  

and r e s i d u a l  e t h y l  a c e t a t e  was removed wi th  a s t ream of N The volume was 
2 ' 

a d j u s t e d  t o  2.2 m l  w i t h  t h e  same s o l u t i o n  and l aye red  over  a 2 .8 m l  cushion 

1 of 2.2 - M Cs2S04, 10 mM - EDTA (pH 7.0) ,  1.26 - M DMSO i n  a 1/2" x 2" polyal lomer 



tube.  Centr i fugat . ion was c a r r i e d  out  i n  a swinging bucket  r o t o r  (SW 50.1) 

a t  35,000 rpm (147,000 x g max) a t  2 0 ~  f o r  40.+ 2 h r .  The r e s u l t i n g  - 
g r a d i e n t s  were f r ac t2ona ted  b.y p i e r c i n g  t h e  tubes  n e a r  t h e  5ottom and 

= o l l e c t i n g  5 o r  6 drop f r a c t i o n s .  Nucleic  a c f d s  w e r e  monftored by A 
260' 

p r o t e i n s  by r e a c t i o n  w i t h  f luorescamine.  Dens i ty  was determined by weighing 

10  p 1  a l 3 q u o t s  i n  g l a s s  c a p i l l a r i e s .  Bound liydrocarEion was determined by 

l i q d d  s c i n t i l l a t i o n  count ing  us ing  a S e a r l e  Mark I11 equipped w i t h  dpm f a c i l i t y .  

iJsing th? known s p e c i f i c  a c t i % i t y ,  dpn wereconver ted  llupmol hydrocarbon. 

Mi.crosoma1 Metabolfsm o f '  B-(-e)P . . 

In experiments  carri.e.d ou t  i n  col laborat i .on ,wi-th. t h e  1aBora to r i e s  of D. J e r i n a  
. . . . . . 

(NIB, Bethesda, ID): snd W. Levln (!offman-La -Roche, Nutley,  NJ): mfcrosomes were 

prepared from t h e  l i v e r s  of r a t s  whi'ch had been p r e t r e a t e d  w2th.m-e..thylc.holanthrene 

3 ' (NCl, phenoFiarEi.tal ('PB.1. o r  l e f t  un t r ea t ed .  The. metabolf t e s  formed from H-B(e)P 

a f t e r - f n c u b a t i o n  wi t l i t f i e -  t h r e e  s e t s  of microsomes, as assayed liy HPLC, a r e  showq 

i n  F ig .  2. The m o b i l i t i e s  0f.a s e t  of s y n t h e t i c  s t anda rds  a r e  a l s o  i n d i c a t e d  i n  

t h e  top  panel. .  For a l l  t h r e e  s e t s  of mfcrosomes, t h e  major  meta l io l i te  co-chromato- 

graphed w i t h  t h e  s y n t h e t i c  K-region d ihydrod io l ,  4,5-dihydrodiol-B(e)-P. The 
. . 

identi .f  i c a t i o n  of t h i s  metabolf t e  a s  the. K-region diliydrod201 was confirmed by 

W absorpt ior i  s p e c t r a  (Fig.. .3): and by f luo rescence  s p e c t r a  Cdata n o t  shown]. 

Of p a r t i c u l a r  i n t e r e s t  w a s ' t h e  a6sence of an 2dentTffab le  peak which chromatographed 

wfth the. same. moEili.ty a s  9.,10-difydrodlol-B (:e:)P. Thf s. was. t r u e  even f n  t h e  

incul jat ion wi'th NC-induced microsomes, where non-K-region metabolism should be 

favored C13,15)_,. 

This  f i n d i n g  suggested the. poss3:tj;ility of a metabol ic  e x p l a n a t i o n  f o r  t h e  

r e l a t i v e .  i n a c t i v i t y  of B (g).P a s  a carcinogen (~16,24,25),. I'f v i c f n a l  d i o l -  



epoxides.are indeed the ultimate carcinogens,' then the major.metabolite 

of B(e)P, 4,5-dihydrodiol-B(e)P is a carcinogenic "dead-end", since forma- 

tion of a vicinal diol-epoxide in the K-region is impossible. The lack of 
e % 

carcinogenicity of B(~)P would therefore be due to the lack of formation of 

9,lO-dihydrodiol-B(~)P, the obligate precursor to the bay region diol epoxide 

9,lO-dihydrodiol-ll,12-oxy-B(e)P. However, since previous work from this lab- 

oratory. (20,17) has shown th'at in vitro metabolism is.often very. diiferent from -- 
.( 

in v t y o m e t a h n l i s n , a i l d  since the llver 5s not a target for PAH carcgnogenesis - 

it w2s necessary to further test this suggestion 'in a situation which more 

closely resemebled that found in vivo. -- 
Metabolism of B(e)P by Hamster Embryo .Fibroblasts 

. .  , .  . . . . .  . . . . . . . . . . . . . - . .  . . .  

For these studies we chose tertiary cultures of HEF. 

These cells contain the full array of metabolic enzymes in an intact, non- 

disrupted orientation and can be transformed in culture by treatment w,ith 

carcinogenic PAHs ( 9 ) :  We incubated confluent cultures for 24- hr in medium 

. confaining 3 ~ - ~ ( e ) ~  at a concentration of. 4 L N ;  this concent.rat:ion was chosen . ' ' 

. . - 

to minimize cytotoxicity. The time period was chosen because we.had previously 

. found . that the binding of 3 ~ - ~  (a)~ to nuclear. DNA reached a plateau level between 

18 and 24 hr of incubation (unpublished data). Ethyl acetate-soluble metabolites 

found in the extracellular medium are shown in Fig. 4A and those found in the 
. . 

cytoplasmic fraction are shown in Fig. 4B. Chromatograms of the small amount 

of ethyl acetate-soluble radioactivity found' in 'the nuclear fraction (0.1- 

0.2% of the total input) demonstrated only unmetabolized B(e)P (data not shown). 

AS' seen previously in the microsomal incubations, the major metabolite of B(e)P 

forined by HEF was the K-region dihydrodiol.  his metabolite was found in both 

the extracellular medium (Fig. 4A) and in the cytoplasm (Fig. 4B). Neither 



of t h e s e  f r a c t f o n s  conta ined  demonstrable amounts of the- non-K-region, 9,10- 

d i h y d r o d i o l - ~ ( e l P ,  confirmfng t h e  microsomal da t a .  However;since i n t a c t  c e l l  

systems g e n e r a l l y  produce apprec i ab le  amounts of water-soluble  me tabo l f t e s ,  

p r i m a r i l y  g lucuronide  conjugates  Cl) ,  i t  was p o s s i b l e  t h a t t l i e  HEF c u l t u r e s  

formed 9,lO-dihydrodfol-B(eZP b u t  r a p i d l y  conjugated i t  t o  t h e  corresponding 

g1ucuronid.e. To test .  thi 's ,  t h e  e x t r a c e l l u l a r  water-soluble  m e t a b o l i t e s  were . ' .  

hydrolysed w i t h  B-glucuronfdase and then  analyzed by HPLC. A s  shown i n  F ig .  5, 

we d e t e c t e d  by t h f  s method 4,5-di'liydrodfol-B(.e).P, and a phenoli 'r d e r i v a t i v e  'which 
I 

co-chromatographs w i t h  4-hydroxy-B(e)P but  no 9:,10-dihydrodfol-BCe1.P. Table 1 

sunimarizes t h e  o v e r a l l  recovery of m e t a b o l i t e s  f n  t h e  v a r l o u s  f r ac t rons .  we have 

assayed. ' It is c l e a r  t h a t  a t  least i n  terms. of t h e  d ihydrodfo l s ,  K-region'metabo- 

l i sm i s  favored  t o  t h e  v f r t u a l  exclusi'on of metaEolism a t  tfie 9-,10 position. 

The sma l l  zmount of r a d i o a c t i v i t y  (0.64 - 1.07X of t o t a l  m e t a b o l i t e s )  found i n  

t h e  9,lO-dihydrodiol-B(e)_P reg2on of t h e  cliromatogram may be due i n  p a r t  t o  t r i o l s ,  

t e t r o l s  and o t h e r  u n i d e n t i f i e d  m e t a b o l i t e s  which contaminate  t h i s  r e g i o n ,  and t h u s  

r e p r e s e n t s  a n  upper l i m i t  t o  9,lO-dihydrodiol-B(.e]P formatTon i n  t h e s e  c e l l s .  

I n  c o n t r a s t '  t o  t h f  s,' metaEolisuL of B(a).P by HEF.proauces. l a r g e  amounts. of 

t h e  non-K-region d ihydrodio ls ,  7,8-dihydrodfol- and 9.,10-dihydrodiol-B(a)P (Fig.  61, 

but  l i t t l e  o r  no K-reg?on d ihydrod io l  which i n  t h i s '  system' chromatographs a t  

approxiinately f r a c t i o n  40. I n  a d d i t i o n ,  no d ihydrodio ls .  of B(a)P are conj.ugated 

t o  g lucuronides  by HEF (Ffg. 7). I n  terms of t h e  phenols ,  i t  i s  l i k e l y  t h a t  t h e  

P1 and P2 r eg ions  of t h e  chromatograni (Fig.  42 con ta in  a number of ' d i f f e r e n t  

phenol ic  me tabo l i t e s  of B(-ee)P i n  analogy t o . t h e  c l u s t e r i n g  of t h e  12  monohydroxy- 

d e r i v a t i v e s  of B(a)P which. a r e  incomple te ly  reso lved  i n  a s i n g l e  chromatographic 

run  (7,lg.J-. It t h u s  remafns p o s s i b l e  t h a t  HEF a r e  capable  of forming 9-,lo- 

oxy-B(:e:IIP b u t  t h a t  t h i s  compound i s  ve ry  uns t ab le ,  i 'somerizing t o  St-hydroxy- 

and/or  10.-hydroxy-B(e),P be fo re  i t  can be converted t o  t h e  d ihydrod io l  by 

epoxide hydrase. 



Binding t o  Nuclear Macromolecules 

However, 9,lO-oxy-B(e)P would be expected t o  have reasonably.  good 

a l k y l a t i n g  a b i l i t y  as would t h e  K-region oxide ,  4 ,5-oxy-~(e)p ,  Considering 

t h e  r e l a t i v e  i n a c t i v i t y  of B(e)P a s  a  carcinogen i t  was 'of i n t e r e s t  t o  de t e r -  

mine i f  t h i s  was c o r r e l a t e d  w i t h  a low macromolecular b inding .  We chose t o  

concen t r a t e  on n u c l e a r  macromolecules which we prepared by a novel.method 

invo lv fng .dena tu ra t ion  i n  6  .M - guanid ine  followed by i sopycn ic  s epa ra t io i l  i n  
< 

Cs2S04. To demonstrate  t h e  s e p a r a t i o n  which could be obta ined  w i t h  t h i s  

method n u c l e i  were 1 a b e l e d w i t h . s p e c i f i c  p r e c u r s o r s  of RNA, DNA and p r o t e i n  

I '. and then  sub jec t ed  t o  i sopycn ic  c e n t r i f u g a t i o n  a s  desc r ibed  i n  M a t e r i a l s  

and Methods. I n  F ig .  8A, t h e  d i s t r i b u t i o n  o f , r a d i o a c t i v i t y . a f t e r  l a b e l i n g  . .  . . . . . . .  - 
3 1 4  

LUA with .  FT-uridine and DNA w i t h ,  C-thymidine is  shown. The l abe l ed  RNA 

and DNA sepa ra t ed  i n t o . 2  bands a t  d e n s i t i e s  of 1 .65  g / cc  and 1.44 g /cc ,  

r e s p e c t i v e 1 y ; ' t h e s e  bands co inc ided  w i t h  peaks of A ( d a t a  not  shown).' 
260 

3 .  
Less than  2% of t h e  H- rad ioac t iv i ty  w a s f o u n d  i n  the. DNA band and less 

14 
t h a n  0.1% of  t h e  .C- rad ioac t iv i ty  .was. found . i n  t h e .  RNA band-. F5gure 8B 

3 
shows t h e  d i s t r i b u t i o n  of r a d i o a c , t i v i t y  a f t e r  . l a b e l i n g  p r o t e i n  wi th  -H- 

14 . . 
l e u c i n e  aod DNA w i t h  C-thymidine'; ' , The '~-1eucine  was fbuhd i n  ' a .  broad 

band w i t h  d e n s i t i e s  l e s s  t han  about  1.30 g/cc.  Determinat ion of p r o t e i n  

by r e a c t i o n  w i t h  fluorescarnine y i e lded  a p r o f i l e  which p a r a l l e l e d  t h e  

r a d i o a c t i v i t y  (da t a  n o t  shown) and s i m i l a r  r e s u l t s  were obta ined  when c a l f  thymus 
. . 

h i s t o n e s  -(:Sigma, S t .  Lou2.s ,' M0)- were app l i ed  t o  a n  2sopycnic gradient ' .  Less  

3  
than  1% of t h e  H- rad ioac t iv i ty  was found i n  the.DNA band and l e s s  than  

2% of t h e  1 4 c - r a d i o a c t i v i t y  was found i n  t h e  p r o t e i n  band. 



3 In Fig. 9, nuclei from cells labeled with H-B(a)P (Fig. 9A), or with 

3 
H-B(e)P (Fig. 9B) were analyzed on isopycnic gradients. To permgt comparisons, 

a .fivefold, scale difference 'has been introduced betbeen the left and right sides 

of each panel. With B(a)P (Fig. 9A) large. peaks of radioactivity were found , . 

to band coincidentally with the RNA, DNA and protein bands. With B(e)P 

(Fig. 9B)  the hydrocarbon peaks were much more modest, but are consistently 

fourid in coincidence with the macrbmol~culair bands. Table 2 gives the calculated 

speciri? ac.ti.vitles attained in 3 experiments with B(e)P. For comparison, 

the average specific activities attained in a series of experiments with B(a)P 

I were: RNA, 55.9 pmol/mg; DNA, 40.4 pmol/mg; protein, 169 ~mol/mg. Thus, the 

binding of B'(e)P to nuclear macromolecules is 80-150-fold lower than the binding 



SUMMARY 

I n  summary, a p l a u s r b l e  exp lana t ion  f o r  t h e  d i f f e r e n c e  i n  c a r c i n o g e n i c i t y  

between B(a)P and BCe1.P i s  t o  be found i n  t h e i r  r e s p e c t i v e  me tabo l i c  f a t e s  i n  

e i t h e r  microsomal i ncuba t ions  o r  HEF. With B(-a)P t h e  major s i t e  of me tabo l i c  

a t t a c k  i s  t h e  i s o l a t e d  benzo r i n g ,  r e s u l t i n g  i n  t h e  format ion  of t h e  non-K- 

r e g i o n  dihydrodi .ols ,  7,8-dihydrodiol-B(a)P and 9.,10-dihydrodfol-B(a)P. . I n  

, p a r t i c ~ a r ,  t h e  7,8-dihydrodiol,  which is. tAe precu r so r  f o r  t h e  presumed u l t f m a t e  

I 

r a ~ c i n c g a r i  7 8.-dikdrodL'ol-91y10-my-B caj.P, i s  nor  conjugated  t o  t h e  corresponding 

g lucuronide  But is. s e l e c t i v e l y  r e t a i n e d  69 t h e  c e l l s  ( ~ a c ~ e o d ,  Cohen and S e l k i r k ,  

,:: . 

s.ubmitted f o r  putjlfcati,on),. T h i s  f a v o r s  formation of the.  bay r e g i o n  dial epoxide 

and c o r r e l a t e s  w i t h  a r e l a t f v e l y  h igh  l e v e l  of bindi'ng t o  n u c l e a r  macromolecules. 
. . . . 

With. B(e]-P, t he .  maj o r  a t t a c k  3s t h e  K-region, producing 4,  5-dihydfodiol-B(e)lP . 

i which. 2s found in . t r ace l lu l a r ly . ,  e x t r a c e l l u l a r l y  and a s  the. g lucuronide  conjugate .  

It Iias n o t  been possfEle.  t o  demonstrate  formation of 9:,10-difiydrodfol-B(:e)P i n  

1 any of t h e  f r a c t i o n s  examined. Th i s  alisence- of t h e  p recu r so r  f o r  Bay r eg lon  
I 

d i o l  epoxide  formation c o r r e l a t e s  w i t h  a ve ry  low l e v e l  of b indipg  of BC-e)P t o  

n u c l e a r  macromolecules. 

Our. d a t a  are- i n  accord .  wi';th., p red ic t2ons . .  o f .  the.  bay .regi.on t h e ~ r y  of  c h e p i c a l  :. 

I 
I 
I c a r c i n ~ g e n e s f  s: and reduce- t h e  fmportance of K-region d e r i v a t i v e s .  i n  t h e  2.nduc- 

~ 
tfoii  of neoplasi'a. TRe t a r g e t s  f o r  r e a c t i o n  wTth t h e  d i o l  epoxi'de of B.(a)-P 

. . 

whTcFi.are. important  i n  t h e  product ion of cancer  remain unknown a s  do t h e  var fous  

s teps.  i n  t h l s  pathway;, ~ e ' e x ~ e c t  ' t ha t  cont inued s tudy  of a var2.ety of non- 

carcinogenl'c PAHs w f l l  p rovide  u s  .with. cases .  i.n khich.  t h e  "Zilock'' occu r s  a t  

l a t e r  s t e p s .  2:n t h i s  p a t h a y .  Th i s  w l l l  a l l ow a d i s s e c t i o n  of t h i s  mul t i - s tep  

p roces s  i n  a manner analogous t o  . t h a t  used s o  s u c c e s s f u l l y  i n  e l u c i d a t i n g  

c e l l u l a r  metabol lc  pathways by biochemical  g e n e t i c s  (12,5,81. 
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TABLE 1. DISTRIBUTION OF METABOLITES OF B(e)P FORMED BY HEF. 
. . . .  . . . .  . . . 

% of Total 

Extracellular Extracellular Intracellular . . Total 
Organic Soluble Glucuronide . . .Organic. Soluble : 

. . 

Expt. 1 - 4,5-dihydrodiol 22.5 2.64. 0.14 25.2 

9,lO-dihydrodiol 1.07 

monohydroxy compounds b 7.09 

Expt. 2 4,5-dihydrodiol 23.. 9 

9,lO-dihydrodiol 0.63 

monohydroxy compounds . 3.91 

a 
nd - not detectable 

U regions of the appropniate chromstograrnn corresponding to regions PI and ' ~ 2  in Fig. 2 were summed. 



TABLE 2.   in din^ of 3 ~ - ~  ( e ) ~  to Nuclear Macromolecules 

Specific Activity 

RNA DNA Protein 

Exp e',=enZ .l 

E x ~ z - r i a a c t  2 

Experiment, 3 0.49 0.30 ' , 2.32 
- . . 

Average 0.28 0.24 i. 96 



FIGURE LEGENDS 

Fig. 1 Structuresof B(a).P and B(_e)P, showing the locations of the K- 

regions and bay-regions. 

Fig. 2. Pattern of BkJP metabolites formed fn Tncubatfons with lfver 

, microsomes from rats which were (A) untreated; (B) pretreated for 

three days with phenobarbital (75 ng/kg/day); or (C) pretreated . .  

for three days with methylcholanthrene (25 ng/kg/day) . In each 

3 
case, 120 3301 H-B(:e)P were incubated 10 min'at 37" with from 

4 

0.1 to l.Q mg microsomal protein in a total volume of 2.0 ml of a 

solution containing 0.1 - M sodium phospfiate (pH 7.4), 3 mM - MgCl 
2 '  

0.5 mM - NADPH and 5% aceto3e. Reactions were termfnated by extrac- 

tion wlth. 2.0 ml acetone and 4.0 ml ethyl acetate and organic soluble 

.metahnSites were analyzed by HPLC. The relative rnobilitics of a 

series of synthetic standards are also shown in panel (A) and the 

.regions of the chromatogram which contain the varfous metabolites 

are designated in panel (C) as Dl, D2, D3, Q, P1 and P2. 

Fig. 3. Comparison of the ultraviolet absorbance spectra of (A) synthetic 

4,5-dfhydriol-B(e)P and (B) the metabolite fsolated from the 
. . . . 

. . . .  . . . . . 
chromatograph in region D2. spectra were recorded with. .a Cary 118-c 

spectrophotometer. 

Fi'g. 4. Pattern of B(ie)P metaboiltes formed in a 24 hr incubation with HEF 

and found (,A) In me extracellular medium or (B) in the cytoplasmic 

fraction. 

Fig. 5. Identi'ff cation 6y HPLC of B(.e)P metabolites conjugated to glucuronides 

after a 24 hr incubation with HEF. 



Fig. 6. Pattern of B.(-~)P metabolites formed in a 24 hr incubation with 

HEF and found (A) in the extracellular medium, or (B). in the 

cytoplasmic fraction. 

Fig. 7. Ident2ffcatfon by HPLC of B(a)-P metabolftes conjugated to 

glucuronfdes after a 24 Fir incubation with HEF. 

Fig. 8 .  Separation of nuclear macromolecules By fsopycnlc centrifugation 

in Cs SO guanidine-HC1 gradients. 
2 4' 

Fig. 9,. Isopycnic separatioa of nuclear macromolecules labeled in culture 

3 3 
with. CAL H-B (Iaj-P or ' (B) H-B (:ell?. Note the fivefold df f f erences 

in the size of the aliquots of each fraction which were analyzed 

from the top Cri'ght) and bottom (left] of the gradients. 
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