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a-i 2,3 4.5 ,G-Hexachlolnoovelohlexano’ (a-HCH) is known to)itiduco’ nuixed-funotion oxidases

in rat liven endoplasmic mo’tieulum and to) stimulate hivo’n eo’ll pnolifenatioln. During the

12 bin after administmatioln (If a-HCH the piloIsphorylation of tiucbo’am aoidic pnoto’ins in rico

iticno’aso’d to) aholut twico’ the o’olntno)l level. Esso’ntially all (If tho’ increased jholsphorylation

afto’n a-HCH in vito invollvo’ol pno’fo’ro’ntial 32p incolrporatioti ititol fractions (If pho’nol-solluble

acidi( (hro)matin l)n0t0’ihis, mo’solvo’d by pollyacrylamide gel electrophoresis into proteins w-ith

estimated molecular weights (If 15,000-25,000, 35,000-50,000, and 60,000-90,000. Although

no qualitativo’ chatugo’s in the elect mopholnetograms of phenol-soluble acidic ehro)matilt pro)-

tents wero’ oll)so’rvo’d, the ihicolrpolmatiolhl (If radioactive amino acids itito the acidic protein

fraetioii of rat hivo’m nucbo’i in riro increased 6 hr after a-HCH, suggo’sting a change in turnover

(In all incro’ased Iiumbo’m of pholsphate acceptor sites at tho’ timo’ (If maximal phospholnylation

of acidic nuclo’am l)hiolsPhiolProlto’ilus.

I NTROI)U(TION

Thto’ adniinist ratio �n iio run (If hlolmmones,

cchc 3’ ,S’-AMP analoguo’s (1-4), and van-

0U5 drugs (5-12) is known to alto’r nolmrnal

metabolic pathways and lo’ad to) tho’ in-

ductioln of s(’v(’nal enzymes. a-i .2,3,4,5 .6-

Hexachlono Icyeloho’xan(’ has bo’eti neponto’d
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to) indiieo’ niixo’d-funetion olxidaso’s in the

o’ndoplasmic retioulum (If livo’r eo’lls (10-

1 2). Consido’rable co’llulam prohifenatiott was

also �o’o’n in tho’ hivo’ns of animals no’-

oo’iving a-HCH4 (10, 13). Inhibitolns of

mixed-functioln oxidaso’s, such as CFT 1201

(�3-dio’thlylaminoIethyl diphenylpropylaeetatc

HCI) and SKF 525 (a ,$-diethylaminoethyl
dipho’nvlpropvlacetato’ HC1), as well as

ot lien subst nato’s (hexaharhital, cyclo Ihlexane,

aminolpynine, o’te.), can prevent tho’ liver

pnolifenation (auso’d by a-HCH (14).
The i no’chanism (If enzyme induct ion may

involve changes in the tissue-specific cx-

The abbreviat iomi used is: a-HCH, a-i 2,3,

4,5, 6-hexachilorocyclohexane.
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I)r(’ssioti (If go’netio to’mplates lIt the (‘hirolnia-

tiii (If tho’ affected ((‘lbs (15-17). A((Olmditlg

tO) ro’co’nt reports, chatigo’s ill the l)hoIsI)hoIr�l-
atiolt (If nuclo’ar j)hospholprolto’ins can he

correlated with o’xpenilll(’ntally induco’d �tl-

teratio)ns lIt tho’ transcriptional activity of

chromatin (18-20). Furthermore, nucbo’ar

lioln-hustolne phosphoproteins cati change the

tratiscniption (If isolated chromatin in vitro

both quantitativo’ly (19, 21) and qualita-

tivo’lv (18, 19). To) relate the enzymatic in-

ductioti to) tho’ anticipato’d activation (If chro-

matiti to’mplato’s, the phosphorylat n I� of

acidio phosphoproto’ins ill chinomat in was

studio’d in rat hivo’rs follolwing the admitiis-

tnatioln (If a-HCH iii rico.

METHODS

A a imals.5 Male Sprague-Dawley rats (180-

250 g), fasted for 12 hn, received orally 250

mg/kg (If a-HCH (K & K Labolnatonio’s) in S

ml of IJSP p(’altut oil. Controll mats wo’re

given the samo’ volume of peanut oil. (In

short -to’nm expenimo’mits, in which the e’ffo’ct

of a-HCH was (blocked 1 and 2 him after ad-

nnnistnatioln, thu drug was given orally to

one gronip and hit napenitoneally to) anoltho’r

group (If rats. No significant diffo’mences be-

tween the o’ffects of these two illetholds wore

ohservo’d.) a-HCH atid oil wo’ro’ admitiis-

t(’r(’d betwo’o’n S and 11 a.m.

Preparation of tat liver -nuelei and chioma-

liii. Livo’rs were removo’d undo’r etho’r ano’s-

thesia and inimediat ely homo lgeniz(’d in ice-

cold 0.32 .n sucroso’ arid 3 niii MgCI2 in 0.02

M Tnis-HC1 buffer, 1)H 7.5 Tho’ homogenate

was eo’ntnifuged at 500 X q for 10 miii at 40,

and tho’ mo’sulting pellet was used to) isolato’

nucbo’i according to) Fleischer-Lamhropolulo Is

and H(’insch (22). Thio’ isolation (If chromatin

and (mito’nia for its I)urity wore given pro-

viously (23, 24). The ultravi(Ibo’t absonptioln

ratios (If chromatitt preparations, A:120: A �

and A2�0: A 260 , wero’ do’termino’d noutino’ly

and yio’ldo’d valuo’s loss than 0.1 attd betwo’(’tl

0.6 att(l 0.7, nespo’etively. Prolto’in to DNA

ratios wo’no’ bo’two’en 2.0 and 2.2.

Phetiol-soluhle acidic proteins wero’ ox-

Animals were maintained imu amuimal (tire

facilities fully accredited by the American Asso-

ciat 1(111 for Accredi tat ion of Laborat olrv Aninual
Care.

tracted froni chrolniatin freo’ol of hiistoltie by

the lulethiold (If Teng et al. (19).

Labelin�j of aci(!ic -nuclear p/i osphopmote ins

in 1110. [32P]Orthiophosphio lrio acid (carrier-

fro’e, Schwarz . )Jaiiti) , no’utmalizo’d itt 0.5 in!

(If 0.9 (4 XaCl , was iiijeeto’d lilt mapenitolluo’allv

at a doso’ (If 2 nlCi/100 g of body w(’ight 60

ITlili befolre m(’illoVa! of tho’ livers.

_Vuclear R.\A synthesis in vitro. This was

assayo’d by ti slight niodifleation (If the

nlethold (If Hol(’do’m atid Hutter (25). Nuclei

(40-SO pg (If I)NA) wo’ro’ incubated in a thaI

V0I1UITiO’ (If 250 jil cotitaining 10 pillOllO’S (If

Tnis-HC1 (pH 8.0), 0.2 pmolbo’ (If MnCI2 , 1.0

pmolle of MgCl2 , 0.4 pmolbo’ (If 2-mencapto-

o’thanol, 0.75 pmollo’ (If NaF, 0.2 pmolle each

of ATP, GTP, and CTP, 0.02 pniole of

[3H]UTP (specific activity 20 pCi/nmo!e),

and either 1.0 p!no lie of KC1 (low salt reac-

tioti) or 60 pmolo’s (If (XH.1)2S0.1 (high salt)

for 10 miii. The reaction iVaS stopj)ed by

adding an o’xco’ss of 10 � (w/v) tniclllor-

acetic acid. Thio’ acid insohul)le material was

washed folur timo’s with S �‘ (w,,/v) tnichlon-

acetic acid containing 1 � Xa2P2O7 , theit

dissolvo’d in 2 , S-dipho’nyloxazole and p-bis-

[2- (S-pho’nvloxazolvl) Jbenzo’no’ in to Iluene scm-

tillation fluid (‘‘NCS’’), and counted in a

Packard Tni-Camh liquid seitltiblatioln spec-

tronieter.

(‘h totita! iii tern /)late activity. The no‘act ion

mixtuno’ containo’d thio’ follolwing in a final

volume (If 250 pl: 200 nmoles each olf ATP,

GTP, and CTP, SO timollo’s of {3H}UTP (spe-

oific activity, 125 pCi.timole), 10 pmoles of

Tnis-HC1 (pH 5.0), 30 pnioles of KC1, 2S

pmolb(’s (If (iithliothlro’itol, 2S pmoles of EDTA,

62S nmoles (If MgC12 , 10 pl of RNA po-

1ynieraso’ [approxitnato ‘ly S units, prepared

frolm Lseliericli ia coli according to) Burgess

(26)j, and 1)XA as mat livo’m chromatin ill the

aniounts shown ill Tablo’ 1. The niiXtur(’ was

iltcuhato’d at 37#{176}for 10 miii, and the reaction

was 5t(IppO’d withi i((’-(oIld 10% (w/v) tn-

ehlbolnaoetie a(id-1 “� (wv) pynolpholsphate.

Afto’r five washes with S#{176}�(w/v) TCA with

1 #{176}� (w� v) pyro�)lioIsphato’, the acid-itisolu-

1)10’ product was dissolved in tho’ seintillatioti

fluid desonibo ‘d abo.Ivo’ and its radn Iao’t ivit v

was dlo’t(’rlmnod.

1�Ilyaenylattiido’ go’! eleetrophtoro’sis was
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j)O’if0II110’(1 � t’�’ Pm�’luo’ (If 0.1 #{176} (w/v)
sol(!ium (lol(lo’oyl sulfate, aoeorolitig tOl Wilhio’lm

ci al (24).

Proteiti and 1)NA wo’ro’ o!o’termineoi tie-

oondmg to the nio’thiods ouf Lowry ci al. (27)

and Burton (28), mo’spo’etivo’lv.

\\j5 I)nel)amo’(l as descnibo’d by

(lvnn aIi(1 (‘happo’ll (29) and Weiss ci a!.

(30), usitug [321 �Jphosphiomie acid (carrion-free,

lnto’rnatiolnal Chemical atuol Nuclo’ar Corpo-

ration). Tho’ radioactivity in thio’ alkali-labile

pholsphato’ fmactiollt was do’to’mmino’d accord-

itig to Klo’insmithi e! a!. (31).

RESULTS

7’ i/lie (OU i�e of /)/1 OS/)/l oiijla! lOll lii 1110. Tho’
time colurso’ ouf phosphonylation (If rat liven

nuclo’an acidic pholsphoproto’ins after applica-

tioln (If a-HCH (Fig. 1) was studio’d by de-

to’rmining the spo’eiflc activitio’s 60 mm after

tho’ intrapenitono’al injo’ction of 32P� . The

incorporation (If 32p into I nuclear acidic

1)hlosPhlOPno)t0’itis (If control rats showed only
milton variations. In a-HCH-t no’at (‘d animals
321) ilico)rporatioln noso’ graolually beginning

at 2 hn, ro’aehled twico’ the (olntnol level at 6

hr. then do’chino’d to) the (0 Introll lo’vo’l at 24 hn,
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with a so’colnd, smahlo’r memo’aso’ at 40 hr. The

incorporation (If 32� into) livo’m nuclear acidic

1)hlolsphoProt(’ilis of control rats as well as
mats treated with a-HCH 6 hr ho’folne do’ath

increased lino’arly with pulse timo’ up to 2 hr,

reached a peak at 4 hm, and thio’neaften de-

dined gradually. Theno’ �Vas no difference in

do’cay of nadiojactivity bet wo’en liven nucleam

acidic phospholpmoteins from control rats

and rats treated with a-HCH 6 hr previously,

if the nuclear acidic Pllolsphloproteilis had

boon labeled i,o viro with 32P for 3 hr hefolne

tneatmo’nt. In a series (If experiments the

radioactivity in thu 0.2 x perchilonic acid

supo’nnatant afto’r co’ntnifugation (If livo’r ho-

mo)go’nates frolm control rats and rats

tmo’ated with a-HCH 6 bin befono’ was de-

to’nmined O.S, 1, 2, 4, 6, and 9 hr after the in-

j(’ction of 321) and showed 1301 difference he-

two’en the treated and colntroll groups. This

result eliniinato’d the p(Issihihty that thle

increase in 32P incorporation after a-HCH

tro’atment was due to an increased accumula-

tion of HP in the liver, caus(’d, for example,

by changes in bloo)d einculatioln.

In order to oolmparo’ the timo’ course (If the

l)hOsPhon�’latioIIi (If nuelo’an acidic phospho-

time after o� - HCH application (h)

Fio;. 1. � incorporatio)ui umito acidic proteimis of rat liver muiiclei at differemit limo’s after a-HCH (#{149}-----#{149})

Colntrols (0- - -0) received the sante volume of peanut oil at the specified time. Labelimug in vito

with 666 zCi (If 32p1 pe� 100 g of rat boIoIv weight amid the isolatiomt of muuclei are described umider METHODS.

Nuclei were washed twio’e with ice-cold 0.14 �m NaCI, extracted twice with ice-cold 0.25 N HCI, amud

��.�ushed once wit Ii ice-cold chlorofoirm-- mnethanol (1:1 v/v) coluutaining 0.2 s HCI amid once with chioro-

form-methamuoll (2:1 v/v) comulaimiing 0.2 N IICI. The washed material was heated ill 15� (w/v) trichlor-

aoetic uucid at 90#{176}for 15 muiimtamid wa,shed four times with 5#{176}(w/v) trichloracetic acid. The radioactivity

of the alkali-labile phosphate fractiomu was determined amud correlated with the amount of proteimu in the

aciol-imusolluble pellet. Each poimit represents at least three a.ssays of two to four pooled rat. livers.
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136 12 24 �48

time after �-HCH (h)

Fia. 2. Nuctear R\�A sqnthesis in vitro

a-HCH or peanut oil was given to two or three

rats at each time point. Liver nuclei were isolated

from control rats (0 0) and rats already

treated with a-HCH #{149}- - -S) and incubated

under low salt conditions (a) and high salt condi-

tions (b) as described under METHODS. Points and

vertical bars are arithmetic means ± omie standard
deviation for three experiments. [3HJUMP in-
corporation with enzyme inactivated by ice-cold
10% (w1’v) trichloracetic acid was subtracted.
The acid-insoluble radioactivity has been shown

to be labile to treatment with 15�’� (w,/v)trichlor-

acetic acid at 90#{176}for 15 mimu.

proteins after a-HCH with the anticipato’d

changes in the restriction of gen(’tic tem-

plates, nuclear RNA synthesis in viiro (Fig.

2) and the capacity of isolated rat livo’r

chromatin to) act as a templato’ foln RXA

synthesis in vitro (Table 1) were determined.

There were variations in iiuclean RNA

synthesis in viiro from the livers o)f c(Introll

rats as well as in the capacity of chnomatin

to act as a templato’ for RNA synthesis in

vitro (Fig. 2 and Table 1). Since the colntnol

values derived 1, 24, and 48 hr after ad-

ministration of oil showed little variance, the

fluctuations observed at 3, 6, and 12 hr

probably reflect a circadian rhythm, as has

been reported for rat liver nuclear RNA

TABLE 1

Temmo plate capacity of rat liver chromatin for R.VA

symithesis imi vitro (V,,,�) after a-HUH

Template activity was determined as described

under METHODS. Each calculated � value is

based ott the amount of [�H}UMP incorporated at

three chromatin l)NA concentrations (4, 8, amid 20

jug) and represents the average of three experi-
merits, each including two pooled rat livers folr

every time poimit. Blanks, i.e., [3HJUMP incorpol-

rat ion wit hout I1NA polymerase and wit hoot

chromatin, were subtracted to olhtain these values.

Figures are arithmetic miteans ± omie standard de-

vi at ion.

Time after [3HJUMP incorporated
a-HCH or oil
administration Control a-HCH

hr d,tmn/10 mimi

1 58.5 42.3

3 50.7 ± 5.5 40.6 ±

6 70.2 ± 4.7 79.5 ±

12 45.2 ± 3.0 53.3 ±
24 54. 1 ± 3.3 69.8 ±

48 55.1 ± 5.3 64.9 ±

4.4

5.9
2.9

4.3

3.7

pollymerase activitio’s (32), mouse livo’r

chrolmatin t(’mplate activity (33) and DNA

synthesis (34), rat liven histone phospholnyla-

tion (3S), chnomatin-hound protein kinase

activity of rat kidney (36), and rat liven pro-

tein synthesis (37).

The increase in nucho’ar HXA synthesis in

vitro under low salt colnditions (Fig. 2) ho’-

gait 12 hr after a-HCH administration and

was maximal at 24 and 48 hr. Tho’ increaso’ itt

nuclo’ar [3H]U�\ I P incorpolnat ion under high

salt conditions between 12 arid 48 hr afto’r

a-HCH admiitistnation was insignificant.

At 24 hr after a-HCH treatment a 29 % in-

crease ovo’r the control values was foutid iti

the capacity of chnon’iat.in to) act as a ten)-

plate for HXA synthesis in viiro (Table 1).

This is in agneement with the findings (If

Oherdisso’ ci a!. (9, 38), who reported that

maximal nuclear Ii NA polymerase activity

o)ccurred between 24 and 48 hr afto’r a-HCH.

Increased phosphorylation (If acidic nu-

clean phosphoproteins, as (Ibserved during

the first 12 hr afto’r a-HCH administration,

could ho’ partially caus(’d by an incneaso’d

amount of theso’ pno)t(’ins in the chromatin.

In order to examino’ this possibility tho’
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TABLE 2

Joio’orporatzon of I ‘4Clamimio acids imilo) acidic miuctear (miomi-histomie) proteimis of rat tiver

at differemit timmues after a-HUH

‘t(JProtein liydrodysate, :30 ,.oCi (Schwarz 1Mann), was injected :30 miii before remiioval (If livers.

Values are arithmetic meamis ± oimue stamidard deviation for three experiments that included two pooled

rat livers at each time point. Preparation (If nuclear acidic proteins was the same as described in the

legend to Fig. 1. The miuclear acidic proteins were dissollved in a tolune-based scintillation mixture as

described iii the text, and the radioactivity was determined at the times shown, with an efficiency for
‘�C (If 65#{176}. - _____________ - ____________ -

Treatment ‘4C radioactivity incorporated

2hr 4hr #{243}hr l2hr

dpm/i.ug protein

(‘ont roll

a-HCII

3.61 ± 0.24 3.95 ± 0.38 3.82 ± 0.28

3.74 ± 0.36 5.10 ± 0.26 5.72 ± 0.27

3.67 ± 0.39

4.22 ± 0.26

amino I acid incolrpolratio)n itutol rat hivo’r acidic

nuclo’ar (noltu-histolne) Pnolto’itis at different

timo’s after a-HCH treatment was deter-

miiied (Table 2) and found to) he increased 4

and 6 hr after a-HCH. Prehimitiary experi-

ments itidicated an increaso’ in the ratio) of

non-histolno’ pnoltoitl tol DNA ratio at those

titito’s.

‘10) d ‘to ‘mmii to’ whether prefero’ittial pho Is-

phoIr\�latioIt (If (o’ntain acidic nuclear proteins

could result frotii the adtlliltistratiolt of a-

HCH, tho’ timo’ (If maximal phosphorylation

(6 un) was solo’cted for electrophoretic

analysis (If the 32P-laheled, phenol-soluble

acidic ohlrolmatitt pnoto’ms, which were iso-

lato’d according tol Tetig ci a!. (19). The

do’nsitometnic tracings of this class (If chroma-

tin proto’ins frolni a-HCH-tro’ated (6 hn) and

colntroll rats showed no major qualitative

differenoo’s (Fig. 3a). However, tho’ distnibu-

tiomi (If 32P radioactivity associated with the
elo’ct nopho Ino’t ioally no’solved fnao’t ions (Fig.

3b) showo’d greater phosphorylation of cer-

t am i)n#{176})to’in fract ions after a-HCH t ro’atment

as colmpan(’d with the colntrols. Thlese frac-

tioltis havo’ o’stimato’d niolo’culan weights of

1S,000-2S,000, 3S,000-S0,000, and 60,000-

90,000 (Fig. 3h) and account for essentially

all tho’ incro’aso’ iii l)hosl)hiorylatiolti after

a-HCH. The highly phlos�)horylat(’d frac-

tio)Iis iii thio’ m(Ilecular wo’ight range of

1S,000-2S,000 no’pneso’nt proteins with the

Iolwo’st mollo’eulan wo’ights of the phenol-

s Ilublo’ acidic (hiromatiti Pro Items.

DiSCUSSION

The administration (If a-HCH in vito pro-

duces biochemical and 1110 Irphological changes
characteristic (If liver cell proliferatioti (10,

13). These arc’ pno’ceded by changes in the
o’xpression of genetic templates in chromatin,

which may be associated either with induc-

tion of several enz�’mo’s (9, 11-13, 38) or

with the induction of liver growth.

More specifically, the ability of liver
chromatin to) sup j)ont RXA Syllthesis in

vitro is increased 24 hr after administration

(If a-HCH (Table 1). This is accompanied
by increased nuclear RNA synthesis in

vitro, with maximal values between 24 amid
48 hr (Fig. 2). Similarly, nuclear rat liver
IIXA polymenase activity is maximal be-
tw-o’o’n 24 amid 48 hr after a-HCH, as reported

by Ohendisse ci a!. (9, 38). The increased
transcriptional and proliferative activities
arc’ prec(’ded by incr(’ased phosphorylation

of acidic nuclear phosphoproteins in vito.

The increased amino aoid incorporation
into) acidic nucleoproteins after a-HCH
treatment sugg(’sts that changes itt the

number of phosphate acc(’ptor sites, co�n-

trolled by the turnover rates of phospho-

proteins, also contribute to the phosphate
co lIlt (‘lit (If phospholpro Ito’ins. The j)ho Isphate
(bontent of chromatin phosphoproto’ins was

shown in vitro to) be proportional to) the

transcription rate (18, 20). Additionally,

phosphoprotein phosphonylation in vito is

almost certainly influo’neo’d b� prot ciii
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mobility
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Fia. 3. Demositomnetric lracimug.s (a) amid distribution of radioactivity of #{176}2P-tabeled phenol-soluble aciolic

proteins (b) fractiomoaled by pot yacr ytamnide get elect rophore.sis in the presence of 0.1#{176}sodium dodecyl sulfate.

Averages of pooled livers of t.hree rats treated with a-HCH (1 hr before death (- - -) and of three

control rats (-) are shown. Equal amounts of protein (160 jLg/gel) were subjected in triplicate to

electrophoresis for 10 hr at 8 mamp. For labeling imi vito, the rats received 2 mCi of HP. � 100 g of

body weight as described under METHODS. The tipper part of Fig. 3h shows the position of marker proteins

in a reference gel and the correlation between their molecular weights amid mohilities. Mobilit.ies were

calculated according to Weber atid Osborne (39). Bovine serum alumimi (mol wt 68,000), pepsin (frog

stomach, mol wt 35,000), trypsin (bovine pancreas, mitol wt 13,700), amid cytochrolnie c (horse heart, mutol

wt 12,500), all from Sigma Chemical Company, served as markers.
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kitiaso’ and 1)110151)litltIlsO’ act ivitio’s, phosphate

1:111(1tiuclo’otido’ l)0I0l5, co’llular Po’mIllO’ahilitY

to) o’ssetitial pro’cumso Irs, o’tc. I t so’o’iits uitlikely,
lu)wo’vo’r, thiat tho’se factolms would ohatige in

(oIlt(’0’l�t ���ithi a 1)nO’f(’mO’titial ino’to’aso’ in thie

Iiti)oIItiIt (If 32P � inconpolnato’d ititol co’rtain

itdidhid l)h10I5Ph10 Il)noteitis 0 If ohiromnatin . ‘Fhe
incolrj)olratiolli (If 32P � ititol ttcidio� (noln-his-

to)ti(’) phoIs�)h1oIproIto’itis �\�as nto’asuro’d 60 miiimt
after its itij o’otioni who’n tho’ phospholrylatio In

(If such ph(Isphi(Iproto’ins frolm colntroll rats

as wo’ll as from rats tro’ato’d with a-HCH is
o’xpecto’d to increase linearly. This mo’sult, to-

go’thio’n wit hi the finding that tho’ro’ is no differ-

enco’ in (b(’OaV (If 321) radioactivity in pr’-

viouslv labeled liver acidic tiudlo’ar phospho-

l)nolto’miis from (‘ontroll rats and from rats
tro’ato’d ��ithi a-HCH for 6 hr, itidioates that

ho’ (lhs(’rvo’(i ittcmo’aso’ in 321) 111(0 Irpolration

afto’r a-HCH administration is due to in-

cno’aso’(l pholsphonvlatioln rather than tel de-

(reaso’(l dephio )51)hio lrylatio In.

Fm(Inl tho’ distnihutiollt (If mnoolrponato’d 32p

nadiolactivitv itt thio’ elect ro Ipho Iro’tically no’-

sollvo’d pho’no)l-sollublo’ (hmo)matiti phosphio-

l)moto’ins, it app(’ars that proteiti fractions
withi o’stiniated m Ilo’o’ularwo’ights of 15,000-

25,000, 35,000-50,000, and 60,000-90,000

account primarily folm thio’ imicro’aso’(l phos-

1)1)0 Imvlat 10111 (If to It al acidic chir Imatin phos-

pholpro)to’mns fo)hlolwitig a-HUH tro’atmo’itt.
Similar results wo’ro’ olbtamn(’d recetitl� by

,Johnso)ti ariol Ahlfro’v (40) afto’r admitiistra-

t io )fl o�f cvclio’ A \ Il� imo rico, which, by anal-

ogv withi a-HUH, is knolwtu tol itiduco’ so’vo’nal

o’nzvmes (1 , 2) atud to) incmo’aso’ tiuclean RXA

synthio’sis (41). TIn’ fractioltl (If phio’Iiol-soIlublO’

phiolspholpmolto’mns with thu lolwo’st niollo’culan
wo’ighit o’xhtibited t In’ highest 321) iticorpona-

tiolli afto’r cvo’lio AM P and after a-HUH. Tho’
turno wo’r (If acidic cliromatiti pro lteitis atid
tho’ j)oIssih 110’ colrro’latioln ho’two’o’tu activation

(If (�(Tf9fli Pmoto’mIl kinaso’s and I)hiosplioryla-

tioln o )f distinct fractions (If thto’ acidic chro-

niatiti pmOlt(’iIis I1(’(’(ls tOl 1)0’ stUdio’(l.

A(KNO\VLEI)Git ENTS

The aut hours are indebted too \I rs. (‘at herine
(‘raddolck amid Mr. August us Wluito’ four their

exoellemut I eoluru ioaI assist amio’e.
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