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Relationship Between Mevalonic Acid Utilization and ATP Content in 
Liver Hoinogenates Pretreated with Ribonuclease.* (25122) 

LEMUEL D. ~I -RIGHT,  M . m x x  LOEB AXD JANE S. SORTOK 
Gradiitrtc, A5rhool o f  ,J-irtr.itioiz, C o r ) i ~ l l  L.iiizerhity, Ithacn, LV. Y .  

l’reincubation of whole rat liver homoge- 
nates with crj.stalline ribonuclease ab:)lisheq 
the capacity of these homogenates to  convert 
mevalonic acid ( l1ITL4 ’) into non-saponifiable 
material or cholesterol ( 1 ) . Honioqenateq 
that have been inactivated hy rihonuclease 
may tie restored to full synthetic capacity 11)- 
autoclaved extract of fresh liver and euistence 
in  such heated liver extracts of an unknown 
factor es3ential directlj- or inclirectl?. for 311--4 
utilization w a ~  poctulated ( 2 ) . 1 t was suz- 
zested that the factor may be concerned with 
phosl)hor!-la tion of 311TA4 since in homoq,renates 
pretreated ivith ribonuclease added 311-.1 re- 
mains in a tnicrohioloqically determinable 
form( 1.3 ) . Evidence is here presented that 
I i ver horn ogena t e5 pr e t r ea t ed with r i bon u - 
cleasc are devoid of A T I ’  while hornogenate. 
sui tablj. for ti tied with liver estrac t contain 
,4TP. The factor contained in liver eutract 
appears to be concerned with a functional 
level of A T P  which. in turn, is required for 
phospliorylation of J117A\( 4.5.6).  

The e\-pcriinen tal 
pro c etl u r es i 11 vol ved in  11 i oh!. n the t i c s t u d i e Y 

have been dexribed ( 7 ) .  I n  brief. liver from 
young rats is homogenized with a loose honio- 
genizer and centrifuged briefly to remove con- 
nective tissue. ,4liquots of the essentially 
whole homogenate fortified with DPn‘ but not 
with ATP are preincubated with and without 
ribonuclease and autoclaved liver ex tract 
alone or in various combinations. T’ercliloric 
acid extracts are prepared after preincubation 
for ATP determinations. Paired flasks are 
then supplemented with labelled 31ITLA and 
reincubated for a determination of capacity of 
treated homogenates to sJmthesize non-saponi- 
fiable material from the labelled precursor. 
Flasks are aerated with oxygen prior to pre- 
incubation and again a t  the time of MVA 
addition. Perchloric acid extracts were pre- 
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pared by treating the homogenates with an 
equal volume of 4% perchloric acid. Excess 
perchloric acid was removed as the insoluble 
potassium salt. ATP was determined spectro- 
photonie trically following adsorption and gra- 
dient elution of the extracts on Dowex-l-for- 
mate. Details involved in the preparation of 
estracts and chromatographic separation were 
a<  described by Allfrey and llIirsky( 8 ) .  Fol- 
lotving incubation of flasks containing added 
311-.4-2-Cl4 the contents were saponified, ex- 
tracted with petroleum ether, the extracts 
dried with sodium sulfate. filtered, evaporated, 
taken up in scintillation mixture and counted 
( 7 1 .  Autoclaved liver extract ivas prepared 
by treating fresh guinea pig liver in the cold 
u i th  twice its weight of water in a 1Varing 
Blendor for about a minute. The brei was 
then autoclaved a t  105-110r for 20 minutes 
and the misture cooled and centrifuged a t  10,- 
000 x g for 20 minutes. The  coagulum was 
discarded. Dowex-I-treated liver extract was 
prepared bj- passing a liver extract solution 
oyer a large excess of Dowex-1 in the chloride 
form. 

Iii7criits. Optical densities a t  260 mp. of the 
fractions obtained by ion exchange chroma- 
tography of perchloric acid extracts of a con- 
trol and a ribonuclease-treated homogenate of 
!iver are presented in Fig. 1. The  curves are 
t!-pical of quite a group and show that a t  the 
time of 311-.1 addition to preincubated homo- 
i‘rnates rihonuclease-treated preparations in 
contrast to controls contain no ATP and do 
not incorporate JIVA into non-saponifiable 
material. In Table I are presented similar 
data from a number of experiments. Included 
are the results from a few experiments where 
inactivation of lll1‘-4 utilization as evidenced 
by counts found in the non-saponifiable frac- 
tion was not complete (See Exps. 1, 2 and 5) .  
Such incomplete inactivation is sometimes en- 
countered and is probably attributable to bio- 
logical variability in the homogenates. Where 
counts in the ribonuclease-treated flasks were 
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RFlAsc - TREATED 
HOMOGENATE 

ATP AREA 

FRACTION NUMBER 

FIG. 1. ATP coiitriit of r a t  liver honiogenates in- 
c iil ):it e tl wit 11 :md wit 110 u t r ib  01 1 u c1 e ;I se. A c t i vi t )- of 
tlie noii-stcponifiablr material isolatetl froin a diqili- 
cate coiitrol flask to which 31 VA-4-C" was acldecl a t  
tlic t ime the first flask was t reated v i t h  l'erchloric 
ilciil i n  p r c p r a t i o i i  f o r  chroiiiatograpli!-T was 5,GO 
( 8  pin. Ac t ivi t )- o f  the  11011- sa 1) oni fiia I )lr iiia t e r i ;I 1 iso - 
I; t t t1d froiii R duplicate ribonucle;iue-treatetl flask 

siini1:irlp treated was 1 7  cpni.  

only slightly reduced ATP was present in 
amounts comparable to that found in control 
homogenates. 

The results of a typical experiment illus- 
trating the ATP encountered when liver homo- 
genate was preincubated with and without 
ribonuclease and autoclavcd, Dowex-1 -treated 
liver extract in 4 possible combinations are 
presented in Table 11. Given also are the 
CPAI found in paired flasks to which MVA- 
2 - P 4  was added following preincubation 
which were allowed to continue incubation for 
a measure of J 4 V 4  utilization. It is apparent 
from the data that homogenates preincubated 
with ribonuclease and treated liver extract are 
active In biosynthesis of labelled non-saponi- 
h b l e  material and that they also contain sig- 
nificant amounts of ATP. This is in contrast 

'l!hBTiE I. Eff ect of Preiiieuhatioii with Riboiiu- 
c l e a ~  011 ATP ('ontent of Iloniogeiiates and  Sub- 
scquni t  I3iosynthesis of Labelled Son-Sapoiiifiablc 

31 ntcrial (SXF I from 3TVL4-2-C14. 

1.86 4,010 

.82 3,000 
-11 1,640 
1.66 5,450 

.08 1 7  
2 .2 i  9,237 

.04 17 
2.98 7,765 

.32 1,411 

1.38 2,980 

to homogenates preincubated with ribonu- 
clease alone where MVA utilization is negli- 
gible and no ATP is detectable. As some- 
times happens control homogenates without 
ribonuclease are more active with respect to 
MVA Utilization and 4 T P  content when sup- 
plemented with liver extract (compare flasks 
1 and 2 ) .  When the data of Table I1 are ex- 
amined graphically where the counts found in 
the non-saponifiable fraction are plotted 
against ATP concentration a t  the time of la- 
belled hIVA addition without regard for the 
treatment the homogenates received a straight 
line with positive slope and zero intercept re- 
sults. Thus in the system under study the 
level of ATP a t  time of MVA addition deter- 
mines extent of MVA utilization. 
TAELE 11. Effect of Preiiicubatioii with Rihonu- 
clr.ns;e and  Autockavcd Liver Ext rac t  i n  Various 
('oiii1,iiia tions on  ATP Content of Horiiogeiia tes 
and the Xubseyueirt Tl iospthesis  of Labelled Eon- 

S R 1 )oiiifiah 1 c &I:+ t el-ial ( NSF ) f roui MVA - 2 -W. 

0 Nonr 1 . 3 0  6,175 
0 5 nil autoclavd l ivw extr. 2.02 9,190 

10  None . 0 28 
10 5 rril autoclaved 1ivc.r extr. .5ci 2,990 

Discussion. Presumably in the aerobic ho- 
mogenate system employed in these studies a 
steady state level of ATP exits that is a bal- 
ance between the ATP originating largely 
from oxidative phosphorylation and the ATP 
undergoing phosphate transfer to various sub- 
strates or hydrolysis by ATPases. Preincuba- 
tion with ribonuclease in the presence of "tis- 
sue fragments," previouly shown to be essen- 
tial for the ribonuclease effect, appears to in- 
activate the cycle by hydrolyzing an essential 
polynucleotide. Thus rat liver homogenates 
preincubated with ribonuclease contain essen- 
tially no ATP while similar hornogenates sup- 
plemented with an autoclaved extract of liver 
from which ATP has been removed by anion 
exchange chromatography prevent or reverse 
ribonuclease inactivation by suppplying this es- 
sential polynucleotide factor. Since according 
to current concepts phosphorylation of MVA 
by mevalonic kinase in the presence of ATP 
is the first step in biochemical conversion of 
this compound to non-saponifiable material 
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the failure of ribonuclease-treated homoge- with respect to ATP in liver homogenates. 
nates t o  utilize MVA becomes interpretable. 
Data  presently available do not permit a de- 
cision as to the locus of action of the essential 
polynucleotide . Tnvolvemen t of polynucleo- 
tides in ,%TI? biosynthesis has been previously 
observed in thymus cell nuclei pretreated with 
deoxyribonuclcase by Allfrey and l l i r sky  (8 )  
and in fractionated extracts of illcaligenes ,/e- 
calis by Pinchot ( 9 ) .  A number of recent re- 
views have been concerned with the existence 
of postulated intermediates in reactions in- 
volving biosynthesis. conservation. or utiliza- 
tion of ,4TP( 10.1 1.12).  
Sumniary. Ribonuclease-treated homoge- 

nates of liver that do not incorporate meva- 
lonic acid into non-saponifiable material or 
cholesterol were devoid of ATP. ATP was 
present and mevalonic acid incorpora tion oc- 
curred when ribonuclease pretreatment \+-as 
carried out in presence of an  autoclaved es- 
tract of liver. The results are interpreted as 
indicating existence of a polynucleotide factor 
essential for maintenance of a positive balance 

1. Wright, L. D., Cleland, M., Dutta, B. N., PROC. 
SOC. ED.  BIOL. AND MED., 1958, ~ 9 8 ,  425. 

2. Wright, L. D., Cleland, M., Norton, J. S., 
J .  Am. Chem. Soc., 1958, v80, 3485. 

3 .  Wright, L. D., Cleland, M., Norton, J. S., 
Loeb, M.,  PROC. SOC. EXP. BIOL. AND MED., 1958, v99, 
299. 

4. Tchen, T. T., J .  A m .  Chem. Soc., 1957, v79, 6344. 
3. ~ , J .  Biol. Chein., 1958, v233, 1100. 
6. Chaykin, S., Law, J., Phillips, A. H., Tchen, 

T. T., Bloch, K., Proc. Nut .  Acad. Sci., 1958, v44, 
998. 

7 .  Wright, L. D., Cleland, M., PROC.  SOC. EXP. 
Rror,. AND MED., 1957, v96, 219. 

8. Allfrey, V. G., Mirsky, A. E., Proc. Nut. Acad. 
Sci. ,  1957, v43, 589. 

9. Pinchot, G., J .  Biol. Chem., 1957, v229, 25. 
10. Bojer ,  P.  D., Proc. Z n t .  S y m p ,  on Enzyme 

11. Slater, E. C., ibid., 1957, 288. 
1 2 .  Lehninger, A. L., M'adkins, C. L., Cooper, C., 

Tlcvlin, T. M., Gamble, J .  L ,  Jr., Science, 1958, v128, 
450. 

Received June 24, 1959. 

Chem., Toklo ,  Japan, 1957, 301. 

P.S.E.R.M., 1959, ~ 1 0 1 .  


