
Meetings 

Carcinogenesis: Physicochemical Mechanisms 

An international symposium, dealing 
with the mechanisms of activation of 
chemical carcinogens and their inter- 
action with cellular and molecular re- 
ceptors, was held at the Israel Academy 
of Sciences and Humanities, in Jeru- 
salem, 21-25 October 1968. The oc- 
casion was the 50th anniversary of 
Hebrew University and the 10th of the 
foundation of the Academy. 

Pullman (Paris), specializing in theo- 
retical studies on the electronic structure 
of polynuclear aromatic hydrocarbons 
(PAH) and of purines and pyrimidines, 
related the physical and chemical struc- 
tural properties of carcinogenic PAH 
to possible cellular receptors, proteins, 
or nucleic acids. The initial interaction 
would be physical attraction followed 
by chemical (enzymic) bond formation. 

Ascoli and Liquori (Rome) showed 
how PAH, such as benzpyrene (car- 
cinogenic) or pyrene (not carcino- 
genic), formed complexes with tetra- 
methyluric acid by intercalation due to 
vertical stacking and are noted by a red 
shift in the spectrum. Spermine or sper- 
midine, which tend to stabilize DNA, 
lowered binding of carcinogenic and 
inactive PAH. Model compounds re- 
lated to actinomycin D, without the 
peptide side chains, also combined with 
DNA but failed to inhibit DNA tran- 
scription. Van Duuren (New York 
University) demonstrated the combina- 
tion of acridine dyes with DNA and 
with other polyanions, yielding specific 
dye to polymer ratios and with an al- 
teration in fluorescence or absorption 
spectra. Attachment by hydrogen bond- 
ing between two adjacent bases rather 
than intercalation within polymer 
strands may be involved, because de- 
natured DNA or single strand polymers 
bind dyes. By nuclear magnetic reso- 
nance and vapor phase studies of inter- 
actions with purines and pyrimidines, 
Ts'o (Johns Hopkins) pictured hydro- 
phobic stacking in polymers to which 
PAH attach. The consequent increased 
hydrophobic character, hence, would 
weaken hydrogen bonds and result in 
mispairing in the transcription process. 
Benzpyrene activated photochemically 
or by radiant energy reacts chiefly with 
nucleoprotein rather than DNA alone 
or histone alone. However, denatured 
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DNA binds hydrocarbon better than 
native DNA. 

Lowdin (Uppsala and Florida) cal- 
culated that a lower energy barrier may 
exist after strand opening in DNA and 
a 180-degree rotation. Thus, a carcin- 
ogen may open and activate a restricted 
part of the genome in a deep groove 
of double-stranded DNA covered by 
a protein chain. Bergmann (Jerusalem) 
and Meyer (Jerusalem) measured di- 
pole moments and ionization potential 
to locate active hydrogens and elec- 
trons in the fine structure of substi- 
tuted purines and pyrimidines. The 
earlier /-charge method of calculating 
electron density diagrams and bond 
lengths in PAH was refined and gave 
good results, especially with compounds 
which thus far were exceptions. 

Wilk (Frankfurt) determined oxida- 
tion-reduction potentials polarographic- 
ally after photoelectric activation. Upon 
iodine-catalyzed oxidation, involving 
probably one electron radical formation, 
benzpyrene reacted covalently with py- 
ridine. Imidazole or 2,6-diaminopurine 
gave more complex interactions. How- 
ever, 2,6-diacetylaminopurine acted 
like an unsubstituted purine. Activated 
PAH- also combined with adenine in 
DNA. Laskowski (Cleveland) devel- 
oped models of the interaction between 
PAH or heterocyclics with substituted 
benzo- or naphthoquinones. 

Pataki and Huggins (University of 
Chicago) considered that three molec- 
ular parameters are crucial to the car- 
cinogenicity of PAH-(i) electron 
transfer capability; (ii) geometry, opti- 
mum when like the base pairs of nucleic 
acids; and (iii) molecular thickness, of 
no more than 4 A. Hydrocarbons de- 
pressed thymidine incorporation in 
liver, spleen, kidney, in limited order 
of carcinogenicity, 7,12-dimethylbenz- 
(a) anthracene > 7-methyl-12-ethyl > 
7,12-diethyl. 

According to Daudel (Paris) and 
Terayama (Tokyo), polylysine produc- 
tion, in a modified Nirenberg cell-free 
system containing polyadenylic acid, 
was inhibited by alkylating agents such 
as nitrogen mustard, and methyl and 
ethyl methanesulfonates; production 
was not inhibited by dimethylnitrosa- 
mine. The inhibition of transcription 

paralleled the extent of alkylation. Al- 
so, a stimulation of leucine incorpora- 
tion into proteins by microsomes and 
pH 5 fractions of livers of rats treated 
with azo dyes paralleled the carcino- 
genic potency of the dyes in the pres- 
ence of polyuridylic acid. The carcino- 
gens lead to a deficiency of ribosome 
messenger units but increase apprecia- 
bly the effectiveness of the pH 5 frac- 
tion. 

A series of papers dealt with the 
biochemical activation of carcinogens 
and their interaction with specific tar- 
gets in the cell. Most chemical carcin- 
ogens, except alkylating agents, require 
an activation mechanism. Polynuclear 
aromatic hydrocarbons were often con- 
sidered as direct-acting, but Brookes 
(London) visualizes an oxidized inter- 
mediate ionic structure which can re- 
act a number of ways to give a dihy- 
drodiol, an epoxide, or a phenol. More 
important, the intermediate provides an 
electrophilic center active toward ap- 
propriate intracellular targets. This con- 
cept now opens the way to search for 
enzyme systems yielding such inter- 
mediates in the tissues susceptible to 
PAH. 7-Bromomethyl-12-methylbenz- 
(a)anthracene which leads to a model 
carbonium ion is as carcinogenic as 
7,12-dimethylbenz(a)anthracene, and al- 
so reacts rapidly with DNA chiefly at 
guanylic acids residues. Gelboin (Be- 
thesda) showed that PAH bound very 
little to DNA in vitro, but substantial 
amounts were fixed in the presence of 
a liver microsome fraction capable of 
oxidizing benzpyrene [Sims and Grover, 
Biochem. J. 110, 159 (1968)]. 

Warwick (London) reported on the 
kinetics of labeling of DNA, RNA, 
and proteins of rat liver with tritiated 
4-dimethylaminoazobenzene. Bound 
metabolites remained longest, up to 3 
months, on DNA. Prior treatment with 
phenobarbital, increasing microsomal 
detoxification, led to lower binding. 
Labeling was lower in hamsters than 
in rats, and DNA-bound material was 
lost more rapidly. The 2-methyl azo 
dye, not considered carcinogenic, la- 
beled DNA more than the parent com- 
pound, thus reflecting reaction with 
target. Tumors did not develop be- 
cause of lack of cell duplication. Stim- 
ulating cell division by partial hepa- 
tectomy gave tumors with 2-methyl 
azo dye. Hence, carcinogen must react 
with receptors, and cell multiplication 
is also required for tumor induction. 

Magee (London), who with Barnes 
discovered the carcinogenic nitrosa- 
mines, reviewed the conceptual ad- 
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vances st'mnsning from them. Label kylnitrosamines yield c' rbonium ions: a cuts such as nitrogen mustard, methyl 
from dimethylnitrosamine attached to urethane, a one-electron or carbonium metlianesulfonate, or nitrosomethylgua- 
th' 7-position of guanylic acid in DNA ion intermediate; aromatic ansines and nidine after labeling with bromodeoxy- 
and RNA, and minor amounts also to azo dyes, N-oxy compounds (x 'hi 'Ii : uridine (heavy chains) or thymuidine 
the I - and 3-positions in adenylic acid esters yield reactive amidonium ion:): (light chains). Elimination of label gave 
and it yti lyli' acid. The significance and pyrrolizidine alkaloids, a 'arbom urn a clue on repair mechanisms which 
of these interactions in the carcinogenic ion (also with an ester-I 'a ing grol p). may also play a role in the carcinogenic 
process r mainS to be fully documented, Some mehls, such as chromium, 'ad- pro 'ess. 
I. Sit " ,, Sorof (Philadelphi) spoke on th that mrboniusn ions produced in mium, cobalt, lead. and nickel, are 
vivo may I ad o neopiasi has led to lectrophilic. bindiuig of carcinogens to a specific sub- 
other tests. Thus, 'ifter a single intra- 'roll (Ne z York University) showe ' fraction of the cell sap of tissues, the 
veuois injection, methyl methanesul- that meltin temperattmr , I uo 'ant den" 112 proteins. In several tissues carom- 
fon'tte give bl"rin tumors, and the ethyl sity, and template activity of DNA with ogens labeled proteins with similar 
ester gay' kidn 'y tumors. respect to RNA polymer so was It ' r cli inge and molecular size, thus sug- 

I oyland (London) discussed activa- after treatment in vitro with the car- gesting that the functional consequences 
tints processes with chemical carcin- cinogens /i-propiolacton' am d N-ace of this binding may be alike. Liver h2 
og 'us; he emphasized the intermediates toxy-N-2-fiuorenyiacetarnid. N-A cc proteins had physical properties like 
d 'uivcd from th' simple molecule ethyl toxy-N-i -naphthylacetamide, from non- thos of arginase, and inhibited certain 
carbamat'. A single electron carbethoxy 'arcinogenic i-naphthylamine, lid not cells in culture. Fleideiberger (Wiscon- 
ra heal, vhich reacts with cytidylic acid alter the properties of DNA. I rick sin) noted that mouse skin had h 
in I NA, may be involved. Also, opox- (Amsterdam) discovered ar intcr'stin prohins as found in liver. However, 
id 's from PA I cannot be disregarded difference ill the binding of N-bydro y mouse skin arginase had different elec- 
as a 'tuve inlet mediates despite unfavor- N-2-fiuorenylac tamide with P N and trot horetic mobility. 
abi test d it in animals. H' concluded DNA of rat liver irs vivo. Who ' a: tlv' Goldblum (Jerusalem) dealt with 
that liJNi\ us the primary mole 'ular residue combined at C- of gilanyli ' vir' I car 'inogenesis, in particular, the 
tal' 'et wsth v u sety of carcinogens, acid in I NA was an acetyl 'unit n do in 'orporation of the genome from SV- 

/ key pm sentation by Miller (Wis- rivativ', it xvas the amino do 'ivative m. 40 'igent into the DNA of host cells. 
cousin) ptovuded evidene' that chomici DNA. Infected coils exhibited (i) increased 
ear 'moo us ultimately are convert cI to Roberts (Lou Ion) e 'am'n 'ci .31' A in )NA synthesis; (ii) indtsction of a 
electrophilic i.e 'tants. Carcinogenic '1 HelLa ' 'Ils da 'r a * I I y alkylating viral ret hicase; (iii) induction of an 
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intranuclear "T" antigen; and (iv) in- 

duction of surface transplantation anti- introduces 

gens. Tb purified T antigen had a mo- 
 lecular weight of more than 200,000 
*% I'U.'.I! lowered the molecular weight, tbus  
 and contained RNA. Removal of RNA LJIUA 

pure basic protein containing yielding a, . LAB WARE 

no sulfur amino acmds. The T antmgen 
might be the viral DNA polymerase. Protects from 

Heidelberger (Wisconsin) reported 
on a quantitative in vitro system of rust and corrosion 

- hydrocarbon carcinogenesis with cells ACI epoxy coated lab ware is un- 
from adult C3H mouse prostate. Trans- affected by organic solvents such as 
formed cells formed piled-up oolonis Toluol, Heptane, Turpentine and Xylol. Salts as well as weak acids and weak 
which gave transformation frequencies alkalies have no effect. The hard, tough 
related to the carcinogenic pot 'ucy of film has excellent abrasion resistance, 
eight hydrocarbons, and produced flame resistant, is self extinguishing and can be used in a wide temperature 

'I tumors in unconditioned mice. range from -370 F. to +250'F. 
Clayson (Leeds) found that the 

mitotic rate in normal bladd.r measured 
by direct count or thymidine incorpora- 
tion was low, and exhibited two p 'aks- 
one at 5 hours and one at 18 to A 

- hours. Cells were usually diploid, but in 
- bladder tumors they were often hetero- 

ploid. After treatment with a new 
bladder carcinogen, 4-etbylsulfonyl- 
naphthalene- 1-sulfonamide, an in- ALUMINUM TEST TUBE RACK 
creased rate of mitotic waves 'n the Coated single sheet of aluminum 

peaks at 36 bent to form "S's shape. Solid stable epithelial fraotion showed base, two perforated shelves, smooth 
hours. The increased DNA synthesis surfaces. Available in 24 holes for 25 mm 
was preceded by ribosomal RNA syn- tubes and 40 holes for 16 mm tubes. 
thesis. 

Systemic carcinogens were discussed 
by Weisburger (Bethesda)-in c rticu- WIRE 
lar the circulatory pathway of c roino- 

 6 genie N-2-fluorenylacetamide at d its TEST TUBE 
active metabolite, N-hydroxy-N-2-fluo- BASKET 

* renylacetamide. After absorption the 
S a a 0 *e a compounds were metabolized chiefly in 

* * the liver. The many products were Coated steel wire, heavy top and bot- 
transported by blood as loosely and as tom edge ring. In rectangular and round 

* * - * - * firmly bound metabolites. Urinary cx- shapes 
cretion occurred after renal filtration. 
Passage from liver to bile led to addi- 
tional metabolism in the gut by bact rial 
action, particularly splitting of conju- 
gates such as glucuronides and sulfat '- - 

esters. Resorption of free metabolites 
0 0 0 S from the gut explains enterohepatic cir- 

00 5 0 culation. Unresorbed materials consti- 
a 00 a 0 a tute fecal metabolites. WIRE TEST TUBE RACK 

Furst (San Francisco) dealt with Coated steel wire, square holes three 
induction of cancer in rodents by metal deck, fine mesh on bottom deck, re- 
and metal ions, in particular the induc- inforced edges. Three sizes . , . 40 places for 22 mm tubes, 48 and 72 
tion of sarcomas at the site of injection places for 16 mm tubes. 
of certain nickel and titanium deriva -For coatings to specifications 
tives. Tmtanium powder also gave ris or stock items see your nearest 
to lymphomas. laboratory supply dealer. 

Bereablum (Rehovoth) saw the' in- Send for NEW 80 page catalog 469 
duction of tumors as a complex proces. For your FREE copy write Dept. E-7 Jr, 

* involving many variables such as chem- 
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Thus, quantitative carcinogenic potency Why doesn't somebody design an 
is a relative term valid in a controlled 
experimental setting. 

At this symposium important con- 
ceptual and practical advances were inverted microscope specifically for 
reported. Theoretical and experimental 
approaches have led to a consensus that tissue culture and other biological studies? 
many different types of chemical car- -- - . 
cinogens may be considered as electro- ' . . - -. - - 
philic reagents, produced by synthesis 
or by biochemical activation. New cx- - 

perimental developmnents should help 
pinpoint the target specifically related 
to carcinogenicity. lt ned be a cellular 
or molecular entity with a preference 
for such electrophilic cent rs. Addi- 
tional events in the carcinogenic proc- 
ess leading to tumors deal with host- 
specific modifying factors, concerned 
with the multiplication of cells altered 
by action of an electrophilic reagent 
with its receptor. . 

The meeting was held under the 
sponsorship of the Hebrew University 
of Jerusalem, the Foundation Edmond 
do Rothschild of Paris, and the Israel . . . 
Academy of Sciences and Humanities. 

The complete proceedings will ap- 
pear as a monograph published by the 
Israel Academy. This first symposium 
dealing with carcinogenesis will be fol- 
lowed by others in which significant re- 
ports on broad multmdmscmplinary aspects 
of research develop into advances of 
an entire field. 

I. H. WEISUURGER 
National Cancer Institute, 
Bethesda, Maryland 20014 

B. D. BERGMANN 
Department of Organic Cl emistry, 
Hebrew University of Jerusalem, 
Jerusalem, Israel 

B. PULLMAN 
!nst'tut de Iliologie Phy ico-Chimique, 
13, rue Pierre Curie, Paris, France 

National Meetings has. the 

September Somebody It's Wild M-40. 
2-4. Comparative Virology, intern. 

coaf., Montreal, Canada. (K. Maramo- 
rosch, Boyce Thompson Inst. for Plant This is no modification. It's the newest hIghest state-of-the-art in 
Research, Yonkers, N.Y. 10701) inverted microscope design and constructIon In mechanical preci 

2-6. Molecular Structure and Spectros- 
copy, 24th annual symp., Columbus, sion. In optical quality. And in conveniences, operating speed and ease. 
Ohio. (K. N. Rao, Physics Dept., Ohio 
State Univ., Columbus 43210) 

2-6. Tuberculosis, intern. coaf., New It's the first of its kind, a typical Wild classic. Write for Booklet M.40. 
York, N.Y. (J. E. Perkins, Natt. Tuber- 
culosis Assoc., 1790 Broadway, New York 
10019) - WILD HEERSRUOO INSTRUMSN'rS. INC. 

3-S. Weather Forecasting and Analysis, AI  FARM1NGDAL, #45W YORK 11738 
3rd, Virginia Beach, Va. (B. C. Kindle,  .. . ... Pu/I.In Canada: Wild f Canada Ltd. 
Navy Weather Research Facility, Bldg.  Paefor.y .ervIes *BI Lady Ellen Place. Ottawa 3. Ontario 
R 48, Naval Air Station, Norfolk, Va.) __ 
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or by biochemical activation. New cx- - 

perimental developmnents should help 
pinpoint the target specifically related 
to carcinogenicity. lt ned be a cellular 
or molecular entity with a preference 
for such electrophilic cent rs. Addi- 
tional events in the carcinogenic proc- 
ess leading to tumors deal with host- 
specific modifying factors, concerned 
with the multiplication of cells altered 
by action of an electrophilic reagent 
with its receptor. . 

The meeting was held under the 
sponsorship of the Hebrew University 
of Jerusalem, the Foundation Edmond 
do Rothschild of Paris, and the Israel . . . 
Academy of Sciences and Humanities. 

The complete proceedings will ap- 
pear as a monograph published by the 
Israel Academy. This first symposium 
dealing with carcinogenesis will be fol- 
lowed by others in which significant re- 
ports on broad multmdmscmplinary aspects 
of research develop into advances of 
an entire field. 

I. H. WEISUURGER 
National Cancer Institute, 
Bethesda, Maryland 20014 

B. D. BERGMANN 
Department of Organic Cl emistry, 
Hebrew University of Jerusalem, 
Jerusalem, Israel 

B. PULLMAN 
!nst'tut de Iliologie Phy ico-Chimique, 
13, rue Pierre Curie, Paris, France 

National Meetings has. the 

September Somebody It's Wild M-40. 
2-4. Comparative Virology, intern. 

coaf., Montreal, Canada. (K. Maramo- 
rosch, Boyce Thompson Inst. for Plant This is no modification. It's the newest hIghest state-of-the-art in 
Research, Yonkers, N.Y. 10701) inverted microscope design and constructIon In mechanical preci 

2-6. Molecular Structure and Spectros- 
copy, 24th annual symp., Columbus, sion. In optical quality. And in conveniences, operating speed and ease. 
Ohio. (K. N. Rao, Physics Dept., Ohio 
State Univ., Columbus 43210) 

2-6. Tuberculosis, intern. coaf., New It's the first of its kind, a typical Wild classic. Write for Booklet M.40. 
York, N.Y. (J. E. Perkins, Natt. Tuber- 
culosis Assoc., 1790 Broadway, New York 
10019) - WILD HEERSRUOO INSTRUMSN'rS. INC. 

3-S. Weather Forecasting and Analysis, AI  FARM1NGDAL, #45W YORK 11738 
3rd, Virginia Beach, Va. (B. C. Kindle,  .. . ... Pu/I.In Canada: Wild f Canada Ltd. 
Navy Weather Research Facility, Bldg.  Paefor.y .ervIes *BI Lady Ellen Place. Ottawa 3. Ontario 
R 48, Naval Air Station, Norfolk, Va.) __ 
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