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Ribonuclease Inhibition of Mevalonic Acid Utilization.* (24066) 

LEMUEL D. WRIGHT, MONIQUE CLELAND, AND BIRENDRA N. DUTTA 
Graduate School of Nutrition, Cornell University, Zthaca, N .  Y .  

Nevalonic acid (MVA) is a highly active 
biological precursor of the “isoprenoid” struc- 
ture or of structures derived from this config- 
uration. MVA is, therefore, readily converted 
to squalene or cholesterol in a number of sys- 
tems. During the course of studies on factors 
influencing incorporation of MVA into choles- 
terol (CHL) or non-saponifiable material 
(NSF) by rat liver homogenates(1) i t  has 
been observed that the capacity for MVA 
utilization may be abolished by a predigestion 
of the system with crystalline ribonuclease 
(RXAse). The mechanism of this inactiva- 
tion has not been fully elucidated but the 
technic for blocking biosynthesis at the MVA 
stage would appear to have sufficient implica- 
tions to warrant detailed publication of the 
technic and initial findings at this time. A 
preliminary report, describing the utility of 
the procedure to demonstrate that mevaldic 
acid is convertible biologically into MVA has 
appeared ( 2  ) . 

Materials and methods. The experimental 
methods involved in the CHL biosynthesis 
studies have been described in detail (1). In 
brief, liver from young rats is homogenized 
with a “loose” homogenizer and incubated un- 
der oxygen with labeled precursors. The di- 
gest is then saponified and a KSF prepared 
which may be counted as such or treated with 
digitonin to form CHL digitonide which is 
similarly counted. In the experiments involv- 
ing predigestion with RNAse or other enzyme 
prior to the addition of C14-MVA or C14-ace- 
tate. the flasks receiving the precursor were 
given a second aeration with oxygen at  the 
time of addition. All incubations were car- 
ried out for 4% hours from the start. RXAse 
used in most of the experiments was 3X crys- 
tallized material from Worthington Biochemi- 
cal Corp., Freehold, N.J. This material is 
described as prepared by the McDonald modi- 
fication(3) of the Kunitz procedure to render 
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it free of protease activity. In addition, ab- 
sence of protease activity was confirmed in 
these laboratories by the use of a highly sen- 
sitive method(4t). Similar results were ob- 
tained with crystalline RNAse from Nutri- 
tional Biochem. Corp., Cleveland, Ohio. 
Where microbiological assays for MVA were 
carried out samples were prepared by remov- 
ing 0.1 ml aliquots from the incubation mix- 
tures a t  the conclusion of the experiments, di- 
luting to 10 ml and heating at 100” for 10 
min. Microbiological determinations of MVA 
were carried out with Lactobacillus acido- 
philus 4963 according to the method of Skeggs 
et a l . (5 ) .  All values for MVA are expressed 
in terms of the DL dibenzylethylenediam- 
monium (DBED) salt used as a standard in 
the microbiological assays even though the 
C14-MVA actually used in the enzyme experi- 
ments was added as the sodium salt prepared 
by extraction of the DBED by ether from 
alkaline solution, Two preparations of 2-C14- 
MV44 were used$, one (A) had an activ- 
ity of 15,500 cpm/mg, the other (B) had an 
activity of 36,000 cpm/mg. The C14-acetate 
used had an activity of 1,250,000 cpm/mg. 

Results. Preliminary experiments showed 
that when EIVA and RNAse are added at the 
same time to an active liver homoqenate 
the RNAse is without effect on the ac- 
tivity of the CHL isolated. In subse- 
quent experiments the effect of various 
enzymes has been tested by allowing 
the enzymes to act for varying periods 
of time before the labeled substrates are 
added. Under the conditions described 
(Table I) utilization of MVA as  determined 
by counts found in the NSF or CHL or by 
the amount of MVA remaining by microbio- 
logical assay is only slightly impaired by a 

t We are indebted 4t.o Doctors G. P. Hess and E. 
Wainfan for determinati’ons of proteolytic activity. 
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preliminary digestion for periods up to 30 min. 
Some liver preparations even retained essen- 
tially unchanged their capacity for NSF and 
CHL biosynthesis after incubation for a pe- 
riod of 60 min. On the other hand. com- 
plete inactivation of Jf1’.4 utilization is en- 
countered after a preliminary digestion for 30 
min with 5 mg of RS-Ase. One-half inacti- 
vation is obtained with about 100-200 ;I per 
flask (Table 11). Incorporation of M \ v A  into 
cholesterol is not impaired by a similar pre- 
liminary digestion with DNAse. Other ex- 
periments have shown elastase and trans- 
acetylase to be inactive. Incorporation of 
acetate into NSF or CHL also does not occur 

in RKAse-treated liver (Table 111). In all 
instances where both microbiological assays 
for utilized NVA and determinations of MVA 
incorporation into NSF or CHL have been 
carried out it was found that incorporation is 
correlated directly with MVA disappearance. 
\Vhere RNA\Se inhibition was complete essen- 
tially quantitative recovery of unused MVA 
is found. JIVA is found at  the conclusion of 
an experiment only when the homogenate 
contained added J11,7A and added RNAse. 
(Table IT). Presumably in the absence of 
added JlVA there is not enough “endogenous” 
311-A to be determined. Similarly in the ab- 
sence of added RKAse the amount of 
Mr-4 added does not exceed the capacity of 
the tissue for biosynthesis and the added fac- 
tor is readily utilized. 

Discussion. Bucher and McGarrahan pre- 
viously concluded (6) that incorporation of 
acetate into CHL by fractionated rat liver 
homogenates is not influenced by small 
amounts of RYAse added to incubation mix- 
tures at the same time as labeled precursor. 
As pointed out earlier in this paper, RNA4se is 
without significant effect unless given a “head 
start” before precursor is added. 

Some comment is in order concerning the 
amount of RNAse required to produce the ef- 
fects reported here. Comparison of the 
RSAse required to inactivate certain protein- 
synthesizing enzyme systems with that re- 
quired to inactivate the CHL-synthesizing 
system indicates that the requirement in the 
present system is quite high. The nature of 
the substrate involved in the present experi- 

‘I’ . \Rl,P~ 1 1. Riosptliesis of Noii-S;tponifi:iblc Ma- 
1 w i : i l  :iiitl Cliolcstcrol Togetlicr with Unmetabo- 
lixcvl J1or:iloiiic Acid Eiicountercd in Experiments 
I iirolriiig Precligestioii with Various Amounts of 

Ribonucleaso. 

0 108-4 ( 0 )  2557 ( 0) .O ( 0) 
..) 3!)X (72; 1040 ( S O )  3 1  ( 62) 

1 .o (83)  620 (76)  .45 ( 90) 
2.0 130 (88) 385 (86) .45 ( 90) 
5 0 36 (97)  94 (97) .63 (126) 

.5 nig 2-(’11-MVA4 ( R )  aililed after 30 min. from 
start of experiment followed by a second flushing 
with oxygen. 

Figiircs in parentheses iiiclicato ‘% inhibition of 
cithcr biosyritlicsis or utilization of precursor. 



RIBONUCLEASE AND MEVALONIC ACID UTILIZATION 42 7 

ments, however, is unknown and i t  is entirely 
conceivable that the degradation of an 
“atypical RNA” or other RNAse-sensitive 
compound may require somewhat more en- 
zyme than required for degradation of a more 
“typical” RNA. 

In searching for an explanation for the phe- 
nomenon here described, the possibility has 
been considered that the inactivation obtained 
with RKAse may result from interference with 
the structure of tissue particles and conse- 
quent disorganization of the enzyme systems 
that they contain. Although a number of 
studies have emphasized the significance of 
the microsomes in CHL biosynthesis the mi- 
crosomes do not appear essential for squalene 
biosynthesis( 7,8,9). It may be pointed out 
in addition that pre-digestion with RNAse 
has been reported to be without effect on the 
glucose-6-phosphatase, esterase, triacetic acid 
lactonase, adenosine - 5’ - phosphatase, acid 
phosphatase, adenosine triphosphatase, and 
succinoxidase activity of isolated rat liver mi- 
crosomes ( 10). Mitochondria do not appear 
to be essential for either squalene or CHL bio- 
synthesis( 7$,9) .  

The possibility was considered that the ef- 
fects observed with RNAse are due to inhibi- 
tory compounds formed from RNA by the 
enzyme. In a separate experiment an amount 
of commercial RNA equivalent to the RNA 
calculated to be present in the liver homoge- 
nate used was digested separately with RNAse 
and then added to homogenate along with 
MVA. KO inhibitory effect was observed. 

Some consideration should be given to a 
mechanism whereby RNAse functions only 
indirectly in inhibition of NSF and CHL bio- 

TART,E IIT. Riosyntliesis of Kon-Snponifiable 
Mntcrinl :ind Cholevtcrol from hlcvaloiiate or Acc- 
tate Togctlwr with Unmetabolized Novalonic Acid 
i4iicountcred in Experiments Involving Predigcs- 

tion with Ribonuclcnse. 
~ 

Ace- MVA 
MVA tate RNAse XSF CTITJ found, 

E Y p .  7--- mg--, -qm/mg7 ing 
~ 

1 .5 357 489 0 

3 1 .o 2857 ‘7315 0 
1 .o 5 16 7 0 

- 
.3 5 I18 95 .47 

.5 m g  2-CI4-MVA (€3) or 1.0 mg C*4-ncctate W:IS 
added 50 min. from start of cadi exp. followed by 
a scconct fliisliirig with osygen. 

TABLE IV. Riosyntlicsis of Kon-Saponitiablc Ma- 
terial and Cliolcsterol Together with Unmetabo- 
lized McvaloIlic Acid Encountered in Experiments 

Involving Prcdigestion with Ribonuclcsse. 

JZVA RNAse NSF CHI, JiVAfound, 
Exp. -ing--- .-cpm/nlg7 m g  

1 .5 259 1380 0 

2 0 
5 0 

.5 369 930 0 

. ,? 5 135 61 .50 

.5 5 23 120 .64 

Z-C”-MVA (B) mliere used was :iildcCi 30 mia. 
froni start of cncli esp. followcd by a sccond flush- 
iiig with oxygen. 

synthesis, for example, by interfering with 
various supporting energy or reductive 
mechanisms that appear to be essential for 
conversion‘ of MVA to NSF or CHL. 

Obviously further work is required to pro- 
vide a satisfactory explanation for the experi- 
mental data obtained. Pending further eluci- 
dation of the mechanism of RNAse inactiva- 
tion, the technic described stands as a con- 
venient and useful procedure for blocking iso- 
prenoid biosynthesis a t  the MVA stage. 

Summary. Utilization of mevalonic acid as 
determined by incorporation of the 2-C14- 
labeled compound into non-saponifiable ma- 
terial or into cholesterol or by disappearance 
of microbiological activity attributable to 
mevalonic acid in rat liver homogenates was 
found to be abolished by a preliminary diges- 
tion with ri bonuclease . 
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