
STUDIES OF THE EFFECTS IN VITRO OF 
/hPROPIOLACTONE AND /?-PROPIOLACT[‘4C]ONE 

ON WHOLE MOUSE SKIN CHROMATIN” 

AL.IIL Sax. MAKGAKLT SCHKO~DEK, PHILIP BAKNETT and BENJAMIN L. VAN 
DI.UKEN 

Lahot-ator! of OI-gxnic C‘hcmistr! and Carcinoynesis. Institute of Environmental Medicine. 
U~\L York Ilni\erslty School of Mcdicinc. New York. N.Y.. U.S.A. 

.thstr;lrt \$ hole mouw shin cht.om;lGn \\;I< rcactcd \\ith /i-Pt-oPiOl;lctonc (BPL) i/l vitro. 
-flll, al!,! I;I~cJ chr~>matln pl-cp;~r:~(ioll LQ:I\ ~solatcd c\sentiall! intact. The tr;unsition mid- 

p01n1 [‘I‘m) of IIIC alh! Lltcd chromatin prcp;lr:ttion v,x\ Ireduccd by 24 its template activity 
lo I<Y;i\ ~~I~IIIc~I~ L\:IS \it-luall) aboh\hcd. it chromosomal RNA (cRNAI content ~~31s 

~rcduccd ;111cl llsmc-rich histones FI and I could no lonqr bc detected on polyacrylamide 
gel\. LINA from this alk)latcd chl-omlitin showed ii similar decre~w in Tm and template 

acti\lt!. The histoncs in alhylatcd chromxtin stabilirod DNA against heat denaturation to 
;I \Imil;lr cxtcnt co~~~puxd to untreated chromatin. Mouse akin DNA alkyl;tted with BPL 

had propel-tics similar to those of DNA from ;Ilkyl~lted chromatin. Buoymt density stud& 
rc\ealcd what DNA iaolatcd from alkylatcd chromatin exhibited peaks corresponding to 

all! l;~~cd and normal DNA. Mouse skin DN4 alkyloted under identical conditions cshi- 

1~11~4 J \inFlc pwk for alkblated DNA Thus pouions of DNA in mouse hkin chromstin 
.~l~pc,~rc~l I<) Iw 1p1 o~cctcd ,Ig,lin\t ;Ilh~lation ifi t lrw u ith BPI,. This \\;Is confirmed in studies 

u\tng /~-~lrc~l~l~)lact[“~‘~~~tlc ( BPL-i4C.). Ths ~llk)lution rtxctions \\cre repcatrd using 
trctluccd quantitie\ of BPL-“C‘. DNA isolated from BPL-lJC-alkylatcd &hole mouse skin 
ihrom;ltin contained 29 per cent ofthe bound radioactivity found in mouse liver DNA alky- 

latcd under identical condilions. /\cidic proteins and histones :is hell 2,s DNA wrc shonn 

10 hind BPL-“c‘. Among the hihtone clnsae~ FI and I contnincd the greatest amount of 
h~l~llld BP1 -‘“C’ 

/I-Pl<or)loL,\( IONS. (BPL)1_ is carcinogenic to the skin of mice’ and subcutaneously 
at the site of administration in mice.’ BPL is an initiator of tumorigenesis in mouse 
skin’ and is mutagenic in !I~‘L’III~~~~~~IYI ~~IYI.s.s~I.~ 

BPL rwcts with RNA and various guanine derivatives in z\ir,05.” and with DNA 
;~nct RK.4 in mouse skin- to form 7-(2-carboxyethyl)guanine. The reaction of BPL 
M ith DNA i11 rirro resulted in a lowering of transition midpoint (Tm). buoyant den- 

sit! and priming activity with RNA polymerase of the alkylated DNA.* 
In cukar!otic cells. DNA dots not exist in a free form but is part of the chromatin 

complc\ u hich consists of DNA. histoncs. acidic proteins and a small quantity of 
chromosomal RNA (cRNA).” Some of the properties of these components are differ- 
cnt from that of their behavior in the free form.” l2 The object of the present investi- 
gations h\as to study the effects of BPL and BPL-14C on whole mouse skin chro- 
matin irl ri//~j. The isolation and characterization of whole mouse skin chromatin 

.i ‘I 1115 rc\c;~rch uil\ \upportcd 12) Amcricnn Cancer Socictj Grant E-632 and Grant ES 00260 from 

111~ I\.~i~~rnal ln\lltute of Fn\ironment;ll Health Scicncrs. 

: I IIC ~I~~.(~~I I CC/ C~/i~vr>ic~~r/ Ih\rvoc,r\ name for BPL. is Z-oaytanonc. 
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in our laboratory have been repot-ted.” Preliminary reports concerning this 
rcscarch have appeared in the literature. “,’ ’ 

I x r’ 1. R I M 1. N 7 /\ L 

,Wrrtc~i~rl.s. Female ICR/Ha Swiss mice were obtained from Millerton Kescarch 
Farms. Millerton. N.Y. They were vaccinated against ectromelia and used after age 
6 Lvceks. 

BPL (96 ~98 per cent purity) was obtained from Eastman Organic C‘hcmicala 
Rochester, N.Y.. and stored at O-4 ,&Propiolact[“C]ono (BPL-‘%‘) (95 per cent 

purity. 561 /tCi!m-mole), labeled at the carbonyl carbon. was obtained from Ncu 
England Nuclear. Boston, Mass. Sufficient BPL was added to give a specific activit! 

of I03 /tCijm-mole. BPL-14C was stored at O-4 . /j-Hydroxypropionic acid was 
obtained from K & K Laboratories, Plainview. N.Y. Cesium chloride. O.D. 0.03 
max; was purchased from Gallard Schlesinger. Carle Place, N.Y. RX-T-Flex mcm- 
brane tilters, tvpe B-6. 25 mm. were purchased from Carl Schlcicher & Schucll. 
Kcanc. N.H. Uridine-5-“H(N)5-triphosphate. tetrasodium salt (23.6 Ci ‘m-molt). \+;I\ 
obtained from New England Nuclear. RNA polymerasc (2000 units/m& isolated 
from Eschc~ichia L.o/~. B. was purchased from the Biopolymers Lab of General Bio- 
chemicals. Dover. N.J. Pronase (45,000 PUK units/g) was purchased from Calbio- 
&cm. Los Angeles, Calif. Buffer systems used were 0.2 M phosphate buffer (PB). pH 
7,5ii dilute saline citrate buffer (DSC). 0.015 M NaCl and 0.0015 M Na citrate. pH 

X.0: and Tris-HCI, 0.01 M. pH X.0. The liquid scintillation solution. Diatol, contained 
IO mg dimethyl-POPOP,” 7.6 g 2.5-diphcnyloxazole and 52 g naphthalcnc disaol\cd 
in 150 ml methanol and 250 ml each of dioxane and toluene. The liquid scintillation 
solution. Aquasol. was obtained from New England Nuclear. 

/,~\t,‘~r/rlc~rflc/fior~. IJItraviolct spectra of \vholc mouse skin chromatin :~nd 
mouse DNA preparations were recorded in Tris-HCI in I cm cells in a Hitachi Per- 
kin Elmer model 139 UV-Vis spectrophotometcr. The Tm values of chromatin and 
DNA preparations were determined in DSC in a Beckman DK-2A LI.~. spcctro- 
photomctcr with attached Beckman temperature-contr~~ilcd cuvcttc holder. Micro- 
dcn\itomctcr tracings of stained liistonc hands in ~~~~l~~~cr~laiiiidc gels hcrc 

obtained in a Joyce Loebl Chromoscan. Centrifugations were conducted in a Sorvall 
SS-I centrifuge with fixed angle rotor at 0 4 unless otherwise noted. 

C’o~tirl<! of’,.~rlliouc.ti~:e .san~~~lcs. Scintillation solutions were counted in glass vials 
in a Nuclear Chicago Mark I liquid scintillation spectrometer at e-4 All DNA and 
protein samples were dissolved in Tris-HCI and added to Diatol prior to counting. 
Radioactivity in histone bands contained in polyacrylamide gels was determined in 
the following manner. Gels were sliced into 1 mm thick discs with a Canalco lateral 
gel slicer. Discs were then placed in scintillation vials. dissolved in hydrogen peroxide 
and counted in Aquasol according to the method of Ben.jamin.“’ BPL-‘&C‘ counted 
at approximately X9 per cent efficiency in Diatol or Aq~lasol at the ranges recorded 
in these experiments. 

PWptWurior7 0f’lth& llIOlfS(’ ski,1 chW~?lUfi/l trr1tl Ili.s~orlc~s,f;.orll LrlWlc 111OlfS<’ .Ski,l C~/fW- 
mtrtin. The preparation of whole mouse skin chromatin. the determination of its his- 
tone. acidic protein and cRNA content, and the isolation of histones have hocn dc- 



/I-Propiolactone and whole rno~wz chromat~n Pi’) 

scribed.“,’ ’ All solvents used in the isolation and storage of chromatin contained 0.05 

M NaHSO, to prevent proteolytic degradation of histones.‘” 
P~/!,u~/.!,/LI,II;~~~ (jr/ c~lrct,ophorc~sis of’ /I~.s~o/IL~s. Gel electrophoresis was performed 

in polyacr>lamide gels of pH 3.2. 13.” The gels were stained with Amido Schwarz 
and then destained electrophoretically. 

P t~pu~ution ?f’DN A jvtn ~tktlc~ mau.w skirt uttd ttms~ li~w c./~tmttrtitt. The isola- 
tion of DNA from whole mouse skin chromatin was by sedimentation of the DNA 
in CsCl according to the method of Huang and Bonner.18 Whole mouse skin chro- 
matin (not more than 1.5 mg/ml of DNA) was dissolved in 5.0 ml of 4 M CsCl in 
Tris-HCl. The sample was centrifuged in a Beckman L-2 ultracentrifuge at 35.000 
rev/min using a Spinco SW-50 rotor (rotor temperature 4”) for 18 hr. The DNA pellet 
was then dissolved in the desired buffer and dialyzed against the same buffer for 16 
hr at @4”. DNA thus prepared contained less than I per cent protein as determined 
by the method of Lowry rf ~1.” DNA was isolated from mouse liver chromatin by 

the procedure of Marmur.‘” DNA was further deproteinizcd by treatment with pro- 
nase”’ and contained less than I per cent protein. 

Dc~tetwtitmtiott qf’thc tettzplatr uctiuit~l cfwholr~ ttmw skits chrottttrritt d DIVA. The 

procedures used were adapted from Bonner et ~1.” The mixture for RNA synthesis 
contained per 0.5 ml: 20 pmoles Tris-HCl; 2 /tmolcs each of MgCl?and MnCl,; 0.32 
pmole dithiothreitol; 0.2 pmole each of ATP, CTP and GTP; 0.1 /imole UTP-3H: 
0.05 to 3.0 ,~lg MSC or DNA: and 0.2 /lg RNA polymerase. The mixture was incu- 
bated for 30 min at 37 and the reaction was stopped by the addition of 1 ml of 0.1 N 
sodium pyrophosphate and 15 ml ofcold IO”,, trichloroacctic acid. The acid-insoluble 
material was collected by filtration through a Bat-T-Flex membrane filter and 
washed three times with 5-ml portions of 6”,, trichloroacetic acid. Filters were ail- 
dried and counted in 20 ml Diatol. 

Buoyant rletnit~~ drtrrminatiotts cf DNA. The method of Schildkraut el LI/.” was 

adopted for buoyant density determinations. To 1.50 ml of an aqueous solution of 
CsCl (density 1.91 g/ml), neutralized to pH 7.4 with CsOH, was added with stirring 
0.50 ml Tris-HCl containing 2-3 pg of mouse skin DNA isolated from whole mouse 
skin chromatin. The solution was centrifuged in a Beckmann model E ultracentrifuge 
at 44,770 rev/min for 20 hr at 25 Ultraviolet absorption photographs were taken 
and analyzed in a Joyce Loebl Chromoscan. ~/~I’~I.O~OLYIIS /~~.sorlci/~tic.~rs DNA was 
used as a density marker. 

12ntc~tirw.5 of’BP1, in vitro ~\,irl~ \\#Io/v /~~o~f,s(’ .d\itt ~humttitt rttttl ttt0ft.w /it.~r DN 4. In 
a typical reaction. 500 pg of whole mouse skin chromatin (as DNA) or DNA was 
dissolved in 1.0 ml PB.“,* BPL (57 mg, X00 Lltnoles) was added and the reaction mix- 
ture kept at &4 for 20 hr. Chromatin solutions were then dialyzed against Tris-HCl 
for 16 hr at &4 and then pelleted from the same solvent by centrifugation at 10.000 
{/ for 20 min; the chromatin pellet was then redissolved in Tris-HCl. Chromatin so 
treated was designated BPL-alkylated whole mouse skin chromatin. DNA was iso- 
latcd from BPL-alkylated whole mouse skin chromatin by the method of Huang and 
Bonnerl 8 as described. Mouse skin DNA. after the alkylation reaction. was dialyzed 
against Tris-HCl and then pelleted from 4 M CsCl as described.” DNA thus 
obtained was designated BPL-alkylated mouse skin DNA. In another reaction, 
mouse skin chromatin was incubated in PB as described. except that BPL was omit- 
ted from the reaction. Chromatin isolated in this manner \V;IS designated control 
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-I- A\crapc uluc obtained from analysis of two chromatin aliquots (500 lfg each as DNA). 
:: H)1lcI-chromicities of chromatin and DNA preparations ranged between 23 and 35 per cent. 
5 Reaction conditions: control whole mouse skin chromatin (preparation 1) (500 /fg as DNA) or DNA 

(500 jig) ill I.0 ml PB (pH 7.5) was stirred for 20 hr at IS4 with 57 mg (800 /imole) of BPL. 
Reaction conditions: control whole mouse skin chromatin (preparation 2) (500 log as DNA) or DNA 

(500 jrgl 111 I.0 ml PB (pH 7.S) ivas stirred for 20 hr at C&4 with 5.7 mg (X0 ~cmole) of BPL-“C. 

RLJNC~~OIT.S of BPL\vith moms skin DNA. Mouse skin DNA incubated with BPL 
exhibited a decrease in Tm from 74 to 56” (Table 1) and a reduction of about 95 per 
cent in KNA polymcrasc activity. When 29 mg BPL was ued in the alkylation reac- 
tion (reduced from 57 mg), the Tm of alkylated mouse skin DNA was 63”; when the 
quantity was further reduced to 12 mg, the Tm was 68”. The reduction in template 
activities of the alkylated DNA’s was approximately 50 and 25 per cent, indicating 
;I close association between reduction in Tm and decrease in template activity. 
A study of the decrease in Tm with time was conducted using mouse liver DNA 
(Tm 74 . hyperchromicity 35 per cent). At 1, 7. 14 and 20 hr, the Tm values 
were 67. 61. 57 and 55”. Hyperchromicities were greater than 28 per cent. When 
/I-hydroxypropionic acid, the hydrolysis product of BPL, was substituted for BPL 
in the alkylation reaction. no change was observed in the Tm and hyperchromicity 
of mouse liver DNA. The pH levels of the reaction media were 4.4 and 4.2 at the 
end of the reactions with BPL and p-hydroxypropionic acid. pH values did not differ 
whon mouse liver DNA was omitted from the reaction. 

R~w~tio~~s of’ BPLwith contd wlzolc~ HIOUS(I skirt clworwtirl. Control whole mouse 
skin chromatin (preparation 1) was essentially identical in chemical composition and 
Tm (Table I), and in U.V. spectra and polyacrylamide gel electrophorcsis of histones 
(Fig. I Al to a whole mouse skin chromatin preparation previousI> isolated.13 The 
histonc and acidic protein composition and LI.V. spectrum of BPL-alkylated whole 



mouse skin chromatin did not differ markedly from those of control whole mouse 
skin chromatin. The cRNA content of BPL-alkylated whole mouse skin chromatin 
decreased from 3.9 to 19 per cent and the Tm was decreased to 57 from X1 The 
templato activity of BPL-alkylated whole mouse skin chromatin was reduced bq 

about 75 per cent to control whole mouse skin chromatin (Fig. 2). The template acti- 
vith ofcontrol whole mouse skin chromatin was approximately 20 per cent of its puri- 
lied DNA. an order of repression reported for chromatin compnrcd to its puriticd 
DNA.‘” The template activity of BPL-alkylatcd whole mouse skin chromatin was 
thus rcduccd b>, about 95 per cent compnrcd to mouse skin DNA. 

. 

I 
01 02 03 04 05 06 07 06 

DNA, pg/O-5 ml 

The polyacrylamidc gel electrophoresis pattern of histones from control mouse 

skin chromatin revealed the presence of histones Fl, 1 . F3. F2b. F2a, and F3a, (Fig. 
I A). Except for I . histone designations are those of Johns.‘” Histone 1 (lysine-rich) 
\+;Is reported to be prcscnt in small amounts ( - 1 per cent of total histone) in chro- 

matin from slowly dividing cells.” Histone designations were confirmed by compari- 
son of clectrophoretic mobilities in polyacrylamide gels with authentic samples of 
calf thymus Fl. mouse lung Fl and 1 . and mouse liver F2a, and F2a,. Polyacryla- 
mide gel electrophoresis of histones from alkylated chromatin revealed the absence 
of histones F 1 and 1 (Fig. 1 B). The gel electrophoresis pattern was essentially identi- 
cal for histoncs isolated from two BPL-alkylated whole mouse skin chromatin prcp- 
arations. In addition. histone band F2b had a more diffuse appearance when com- 
pared to the corresponding histone band from control whole mouse skin chromatin. 
The intensities of histone bands F2al and F2a, from BPL-alkylated whole mouse 
skin chromatin were reduced by about 40 per cent relative to F2b compared to simi- 
lar bands from control whole mouse skin chromatin as determined by microden- 
sitometer tracings. When P-hydroxypropionic acid was used in place of BPL in the 
alk~lation reaction. chemical composition and Tm of the isolated mouse skin chro- 
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(A) (B) 

FE. 1. Polyacrylamide gel electrophoresis of histones isolated from whole mouse skin chromatin 
preparation: (A) from control whole mouse skin chromatin; (B) from BPL-alkylated whole mouse 
skin chromatin. Bands 1-6 are histone classes FI, I”, F3, F2b, F2az and F2al. Arrow indicates 

direction of migration of histones; 30 pg histones was applied to each gel. 

B.P.-fucing page 942 



/i-Prapiolactonc and whole mouse chromxtin 94.3 

matin were essentially identical to those of control whole mouse skin chromatin (pre- 
paration 1) as were histone patterns in polyacrylamide gels. 

DNA isolated from BPL-alkylated whole mouse skin chromatin had a Tm of 50 , 
reduced from the 74. found for DNA isolated from control whole mouse skin chro- 
matin (preparation I). Its template activity was similar to that of BPL-alkqlated 
whole mouse skin chromatin and BPL-alkylatcd mouse skin DNA ( - 5 per cent of 

mouse skin DNA). 
Buoyant d~~.sit~~ studirs. Mouse skin DNA isolated from whole mouse skin chro- 

matin was resolved into two components by density gradient centrifugation in CsCl: 
main band DNA with buoyant density of 1.704 and satellite DNA with a density 
of 1.691 (Fig. 3A). The densities and relative amounts of main band and satellite 
DNA’s correspond with those reported in the literature for mouse liver total DNA.“’ 
BPL-alkylatcd mouse skin DNA contained a single band of density 1.684 (Fig. 3B). 

A satellite band was not observed. DNA isolated from BPL-alkylated whole mouse 
skin chromatin exhibited a main band with a density of 1.686 and a smaller heavier 
band of density I.701 (Fig. 3C). 

,704 

,684 

(Cl 

,732 

P 
I732 

B”Oya”+ density tg /cm3 ) 

FIG. 3. Buoyant densities of whole mouse skin DNA preparations: (A) mouse skin DNA: (B) BPL-alky- 
latzd mouse skin DNA;(C) DNA isolated from BPL-alkylated whole mouse skin chromatin. :Mic~,oc~oc~~~,~ 

I,wdcikriurc DNA. used as a density marker. has a density of 1.732. 

Reuctious qf’ BPL”C with control whole mouse skill chromutin. Control whole 
mouse skin chromatin (preparation 2, Table 1) was used for these reactions. BPL- 
“C-alkylated whole mouse skin chromatin was unchanged from control whole 
mouse skin chromatin (preparation 2) in chemical composition, U.V. spectra and his- 
tone patterns in polyacrylamide gels (Fig. IA). The cRNA content of control whole 
mouse skin chromatin (preparation 2) was not determined. The Tm of BPL-“C-al- 
kylated whole mouse skin chromatin was 8 1’ compared to 82” for untreated control 
chromatin. The alkylation reaction was run twice. The chemical composition and 
Tm value listed in Table 1 for BPL-‘4C-alkylated whole mouse skin chromatin arc 



from the product isolated from reaction 1. The BPL-“C‘-alkylated chromatin prcp;1- 
ration isolated from reaction 2 had a Ttn of Xl and was not subjected to chemical 
analysis. Native (Tm 70”) and dcnaturcd DNA isolated from BPL-“(‘-alI\! latctl 
chromatin (reaction I ) contained 15 and 12 cptq;,~tg. Dcnaturcd DNA i~olatctl I‘I-om 
BPL-‘4C-alkylated chromatin (rcnction 2) contained 16 cpm ~IY (the aw-:I+’ 01 Ii 
cpm.jcg corresponds to I molt BPL-I’(‘ c)+ rnol~~ 01‘ ; ~~uaninc). BP.-“( -;111,\ 1:1t~~d 
mouse liver DNA from two alkq lation rcactinns (rcaclion I. Tm 07 : IUC~IOII 2. I 111 
6X ) contained 43 and 60 cpm;/lg (the avcragc of 51 cpm /~g corrcspond~ to I tm~lc 
BPL-‘“CG.6 moles of guaninc). .Acidic proteins isolated from BPL- “C ‘-all\! Iatcd 
whole mouse skin chromatin contained 67 cpm (reaction I ) and 7.3 cpm /l: (r~tclt~~n 
2). Histones contained 27 cpm (reaction 1 ) and 2.1 cp~n, /~g (reaction 7). Hiatonc>s 1’1 otn 
reaction 1 wet-c applied to a polyacrylamidc gel (100 pg. 2.100 cptn) and clcctt-c~pllrlc 
ezed. The results in cprnjpg were 55. 32. 7.X. 10 and 5.6 for histonc\ t-‘I. I IL? I 21-1. 
F7a2 and F3a,. Histones F3 and F2b kvcre not suflicicntly rcsolvcd fat- ~C~~IIYI~C 

counting. For histones Fl. F2a, and FZa,. the rcsultb Curt-cspond to 5.7. 0.71 ;111d 

0.31 moles BPL-‘“C per mole of histonc. The molecular L\cight 01’ I ha\ 11~1t hctt 
determined. Approximately 57 per cent of the applied radio:tcti\it! V, ;I\; I I:I.Y>\ (‘I .YI 
in the histone bands. The relative pcrcentagcs of histoncs in control I\ ltoit, lil(l’l\i’ 

skin chromatin determined from liiicrodcnsitometcr tracings W;I~ 17. 1. 40. i’i ,IIIC~ 
21 pet- cent for histones F 1. 1 . F? + FZb. F2a, and E-3,. 

DISCCSSION 

Previous studies irk V~~KI concerning the binding of carcinogenic alk! lating ;tg~ts 
to biological macromolecules have in\,ariably studied the interactinn 01‘ \LIC+ ;~gctlt\ 

with DNA or RNA. This appears to be the first stud) w:hich shoh\s that ;I ~;~rctno- 

genie alkylating agent may bind to all the major components of chromatin \\ ith the 
chromatin complex remaining csscntiall! intact and that u ithin ;t gi\ctl ~I;Iv, ot’n~~~lc- 

cults (histones) binding occurs in a fail-l! sclocti\c manner. 
The protein corttcnt of BPL-alkclatcd whole mouse skin chromatin rcttl;~ttl~~l \ II - 

tually unchanged compared to control. Histones arc primarily rcspo~~sihlc 101 \tal>t- 

lizing DNA against heat denaturation” and the stabilizing effect of hi\toni>\ on titc 

Tm of DNA was similar in control and BPL-alkylated whole tnousc skin chrom~tin. 
A surprising observation was that the Tm of DNA isolated from BPI_-alk~latctt 
whole mouse skin chromatin was 6 lower than the Tm of BPL-alkblatcd mottsc \kitl 
DNA. One would have expected DNA in chromatin to have been protcclcd ;tgainat 
alkylation either by proteins, which cover a large part of the DNA.” or b! supcrcoil- 
ing, which could possibly make portions of DNA inaccessible to alkylation.‘” ’ ’ III- 
terpretation of these results is further complicated by our buoyant dunsit! >tttdic‘\ 
(see below) which show that DNA from BPL-alkylated whole mouse skin chromatin 
is alkylated to a lesser extent than is BPL-alkylated mouse skin DNA. The hno!~nt 

density results were supported by alkqlation studies using BPL-“IC in b\ hich DNA 
from BPL-!4C-alkylated whole mouse skin chromatin contained about 3 per cent 
of the radioactivity of BPL-‘“C-alkylated tno~tst: liver DNA. 

The template activities of BPL-alkylated whole mouse skin chromatin. it5 pnliccl 

DNA. and BPL-alkylated mouse skin DNA wt’rc ncarlj abolished ( 5 5 pc’t~ cent 01‘ 
control mouse skin DNA). The alkylation of DNA in chromatin appc;tt~\ IO bc ~hc 
tnain factor in the further repression of tcmplatc activity. 



The profile of the buoyant density scan of mouse skin DNA closely resembles that 

of mouse liver total DNA rather than heterochromatin or euchromatin DNA.‘” The 

reason that the satellite DNA peak was not detected in the scan of BPL-alkylated 
mouse skin DNA (Fig. 3B) may be due to the fact that main band DNA is much 
richer in Ci(’ content than satellite DNA’” and is alkylatcd and thus lightened to 
a gl-cater cxtcnt than satellite DNA. 

The buoyant density scan of DNA isolated from BPL-alkylated whole mouse skin 
chromntin shows a m:l.jor peak with a density close to that found for BPL-alkylated 
mouse skin DNA and a minor peak close to the density of main band DNA. Some 
of the DNA in chromatin thus appears to be protected against alkylation by BPL 

and. as discussed. these results wcrc supported by OLIN alkylation studies using BPL- 
’ Y‘. 

It is not kno\vn why the lysine-rich histones Fl and 1 are absent in polyacryla- 
mide gels of histoncs from BPL-alkylated whole mouse skin chromatin. The histones 
may bc separated from chromatin after binding of BPL. A weakening of the interac- 
tion between DNA and histones could be due to alkylation (carboxyethylation) 
and ‘or acylation of the c-amino groups in these lysine-rich histones. Both alkylation 
and acylation of secondary amino groups have been shown to result from reaction 
with BPL.” Alk>,lation a&or acylation of histones could be effective in reducing 

the net positive charge of the histonrs and consequently their affinity for negatively 
charged DNA. On the other hand. a reduction in the net charge of histones, while 
not causing a separation from DNA, could prevent migration of histones in polyac- 
rylamide gels under the conditions used. A third possibility is that binding of BPL 
to histones could block binding sites of Amido Schwarz dye. 

The results of polyacrylamide gel electrophoresis suggested that histones Fl and 
1 bound BPL to a greater extent than did other histones in chromatin. This was 
confirmed by analysis of radioactivity bound to histones isolated from BPL-14C-al- 
kylated whole mouse skin chromatin. The reason for the selective binding of BPL- 
‘“C to histones Fl and 1 is not clear at the present time, although the results suggest 
that binding of BPL-‘“C to histones is at least partly lysine dependent. However, 
histono FI ma)’ be particularly susceptible to alkylation (or acylation). as it is the 
histonc most exposed to the aqueous environment.30 

The dissociation of small amounts of histones from chromatin in Chinese hamster 
cells follo\ving X-irradiation has been reported.“’ 

.‘l(~l,ll,lic~ll~tl~/l~ll~l~itt~ WC v,ish to thank Dr. Royr ChalkIcy of the Department of Biochemistry. Lniversit) 
of lo\la. for hi:, gcncrous donation of calf thqmus histone FI and mouse lung histones FI and I . and 
Mr. Roger Reinhold of our own department. for mouse liver histones F2a, and F2a,. 
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