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Cholesterol-esterases, the enzymes which catalyze the synthesis and hydrol),si: of complex ~.holester 
esters, are found in the liver, blood, intestinal mucosa, and in the pancreattic gland. There is no d~ata in the 
literature regarding the l~esence of these enzymes in marrow. 

In earlier work [1] it was established that the cholesterol ester content increases in the ma~-'~'nr of rabbits 
during the anemia produced by bleeding. Therefore it could be assumed that here there is some ~.holesterol 
esterase. In this work we attempted to study the cholesterol-esterase activity of marrow. 

E X P E R I M E N T A L  M E T H O D S  

Preparation of the enzyme preparation from marrow. The enzyme preparation was prepa~.~ from the 
red bone marrow of normal rabbits. Freshly-removed marrow from the diaphyses of the long bone~s of the ex o 
tremities was ground with a fourfold amount of acetone. After the mixture stood 7. hours at room ~mperature ,  
the acetone was drawn off and the remainder was again ground with the same quantity of a mixtn=~e of acetone 
and ether (1 :  1). After 2 hours the acetone avd ether mixture was drawn off and the powder thus c/brained was 
washed with ether. The marrow enzyme powder prepared in this way conu~ined neither free choI~-terol nor its 
esters. For each experiment, fresh marrow powder was always prepared. 

Obtainin~ cholesterol esters. The esters of cholesterol - cholesterol oleate and cholesterol ~eara te  - were 
obtained fro-mchDlesterol and the corresponding fatty acids by the Nedzvcisky method [2] of enz~me synthesis 
with pancreatic enzyme preparation. The pancreatic prepa'i~tion was prepared by Vilshtettef'sme~'~od. The 
cholesterol oleate obtained after the second crystallization-from the alcohol and ether mixture h ~  a melting 
point of 41" and was not precipitated by dlgiitonin. 

The cholesterol stcarate which was isolated melted at a temperature of 83* and also was nc~t precipitated 
by digitonin. Glycocholic acid was extracted from beef bile. In the expel'iment a 1 (~  solution cat sodium glyco-  
chelate was used, prepared by dissolving glycocholic acid in an equal amount of caustic soda. 

Colloidal suspensions of cholesterol and its esters, prepared in the usual manner, were used ~e~ the substrates 
for the enzyme reaction. 

In order to study the hydrolytic chole.,terol-esterase activity of marrow, experiments were ~ up in the 
following way. To  2.5 ml of a colloidal su,:pension of cholesterol oleate (or stearate) in water, p~aced in a gla~ 
cylinder with a ground glass stopper, 1 ml cf a 10% solution of sodium gly~:ocholate was added. ~T~er mixing 
3 minutes, 100 mg of freshly-prepared marrow powder was added, after w~ ich the sample was s h ~ c n  again for 
5 minutes. Then 0.5 ml of toluol was adde, l, after shaking 10 minutes, thq: sample was placed i~ ~ thermostat 
at 37" for '12 hours. Most Often two parallel samples were placed simultaneously. During the incu~bation, the 
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~a:~:plc~ ~,crc .~Ir,~i,ct~ t w i c e  : d.t'~ f,.t 10 mitUtlc~. ,qi~tlultalit',,u~ly with tile I t , l l .  two  ~'t~llltol Salltples were  se t  

it~." tliC tiFSt, t'Oiil:ltllilP ~, 3 SOl:lliOtt i)] cl~o|cslcrol  es te r .  StKlilIIll ~',l)co~']lO]!alc. bill Iio rllarrt.~w, was Set tlp ill 

, ' rdcr  ~o ~'xchtdc tl~, f o r ~ l a t i , ~  ol f r cc  t h,.Ik-r dlllilli~ tilt. itl( 'tlb,alit, I p~'l!tKl from tile cho l t : s tc ro l  lit the  m a r r o w  

?o~dr  T h e  p l |  w.~s d c t c r m i ~ c d  i~t the smlIplcs  c tdof i l l~c l r icn l l  7 tlsillg n ,,niversal lndtvator. In all, 1:~ experl- 
r!lenis wcrc  c a r d e d  olH -- t3  wi th  t 'holcs t t r rol  olc~lIc ~lld {~ With ~-lltdestcr~l s t e a r a t e .  

After the il~cub~tti~L caC|l sample ~'as extracted by ltealiu~ it slightly with 30 ml of an alcohol-ether 
mixture (1 : 1). The~ file cholesterol conteln aud that of its esters was dcter~nined in an aliquot by Blur's meth- 
c,d. The extent to which rhc cholesterol olcate (stearate) was hydrolyzed was measured by the Increase tn free 
cholesterol. The percentage of hydrol)'sis is the ratio of free cholesterol to total cholesterol. 

E X P E R I M E N T A L  RESUL'r  I~ 

The experiments gave Olfly one type of results and so only some Of the d~:ta are ~own in Table 1, These data 
show that marrow has a hydrol~'tic choh.~tet01-esterase activitY. In the sam~es  with .~odlum glycocholate, the 
perce~tage of h)'drolyzed cholesterol oleate varied between 15 and 43.9, consisting of 30.6 on the average. In 
the controlsamples, which comained cholesterol oleate, the cholesterol oieate was not split and the cholesterol 
ester conto_nt did not change during incubation; cholesterol and its dsters were not found in the control samples, 
which cow, rained marrow and oleic acid. 

TABLE 1 

Hydrolysis of Cholesterol Esters by Marrow. Substrate - 17 mg of Cholesterol Oleate (Sterate). Enzyme - 
Marrow Powder - 100 me. Sodium Glyc0cholate - 100 mg. Volume of Enzyme Mixture -3.5 ml.  Incubation 
Time - '72 Hours. 

Composition of sample 

Cholesterol oleate + sodium 
glycocholate + marrow 

Cholesterol oleate + 
marrow 

Cholesterol oleate + sodium 

glycoch olate 

Oleic acid + sodium glyco- 
eholate + marrow 

Cholesterol stearate + 

sodium glycocholate + 
mallow 

Cholesterol stearate + 
marrow 

Cholesterol stearate + 
sodium glycocholate 

Stearic acid + sodium glyec 
cholate + marrow 

I 
in m~ 

0.82 

0.85 

0.82 

0.61 

o.63 

0.63 

Experiment No. 2 

0.58 0.24 

0.60 0.25 

0 .82  0 

0 0 

xperiment No. 3 

0.~:0 

0.(;3 

0.21 

0.21 

2 ) . 2  

2 L4 

0 

34.4 

32.3 

0 

= 

0.60 

0.56 

0.60 

0 

0.64 

0.60 

0.64  

ExpeJtrnent No. 5 

3'3"/ 0.23 

3.36 0.20 

~.60 0 

0 .0 
Experiment No. 4 

3,50 0.14 

3.45 0.15 

3.64 0 

0 0 

38.3 

35 . ' t  

21.9 

2.%0 

L 

30.6 
(15.0-43.9) 

28.3 
(13.3-41.8) 

0 

26.2 
(n.7-36.8) 

22.6 
(15.4-30.0) 
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5intflar restdt.~ ~t're oi))ai.cd in exlx.d)tlcnt.~ with tl)c hydrt,i~tis o{ ( h,)lc.~tct~] stearate. Isl tl~c samples 
~,,ith St~itllll :;l)'~-t~*;h)l~ttv, t h e  t~ 'rr  ClIt~:,t . .  i l l  h} dr,)|}/cd ,htdu:)c: ,4 ttc~lr;Itv varir fr,,m 11.7 to 36.8. avcrag- 
itt[: 26.2. 

{)it tile b~r t)f the rCSIIIIs oht~iued, Ihc t (alcltt~io)) vml IX.- d::awfl that choit.~t:roI cstcrase cxisrs i .  tl~e 
illartow of rabbits, si)littitt~; cbt)lestetol esters (t-hoh.'steroi oleate .~:~d cholesterol ~earatc) .  

Cholesterol cslty(asc, which was capable of synthesis as well ~s iiydrolysis, w ~  fdulld in rat liver [3]~ [~ 
l~og adretml [4] a~)d in fltc intestiiml nmeosa of rats [5]. 

After the prt:~cnce of cholesterol esterase capable of hydrot)'zing cholestero! esters was ~tabl ished in  the 
marrow, lhe qtscstion ,trose whether marrow is capable of synthus~zi~g cholesterol esters. In order to decide lahl, 
problem, expt:rin~cms were carried ~at a s for the st~ldy of hydroI)-rL~, but a colloidal suspension of cholesterol 
aiid fatty ac id  - olcic or stearic " i l l  water was used as the substra:e. The synthesis of cholesterol esters was 
tneasllrud by the amount of cho!csterol esters formed. The percer~Lage of synthesis h the ratio of cholesterol 
esters to total cholesterol. In all ,  1"/ experiments were set up. 10 ~'ith oleic acid and 7 wRh stearic ( T a ~  2). 

TABLE 2 

Synthesis of Cholesterol Esters by Marrow. Substrate -- 22 mg Chdesterol ,  44 mg Oleic (Stearic) Acid. ~me - 
Marrow Powder - 100 rag. Volume of Emzymr Mixture - 3.5 ml .  Incubat icu  Period - 72 hours, pH 6.0 

Composition of sample 

Cholesterol .  oleic acid + sodium glyco-  
cholate 4. marrow 

Cholesterol+ ole~c acid + marrow 

Chelesterol § oleic acid + sodium glyco- 
cholate {Control) 

Olelc acid + sodium glycocholate r 
marrow (contro|) 

Cholesterol + oteic acid + sodium glyco-  
cholate + p a n ~ e a t i n  

"6 ,r 

t-. 

l a m g  

Experiment No. 4 

1.36 0.46 

1.36 0.53 

L30 0 

0 0 

1.30 0.93 

Expertmem t;o, 3 

33.8 

38.9 

0 

O! 

7 1 . 5  

Cholesterol + steadc acid + sodium glyco-  
cholatr + marrow 

Cholesterol + ~eaxlc acid + marrow 
.j . 

Cholesterol + stearic acid + sodium glyco-  
cholate 

Stearic acid § sodium glycocholate + marrow 

1.37 

1.30 

1.30 

0 

0.41 29.9 

0..34 '26.1 

0 0 

0 0 

I 

8 
�9 t O  

tn rag 

Experiment No' 6 

1.~0 

1.0"/ 

1.00 

0 

Experiment No. 2 

1.01 0.17 16.8 

0.18 15.0 

i . ~ o  o o 

0 0 0 

! 

0,13 I~.0 

0 . I I  10.2 

0 0 

0 0 

0.46 42.2 

E-." 

o ~  

21.03 
(12.4--4S.8) 

~.~7~ 
(lO.7--,SlA) 

5~.80 
(3LT-TLS) 

18.3 

(132-29.9) 
18.4 

(14.7-~.3) 
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The da~.~ |neseut~-d in Table 2 iudi:q'ale lha! choh~s,crol ester wts fq.ald ill all the ~ t p l c s  aflcr incubatio~. 
I l l  lht.' ~:.|lllDlt.'~ wilt t  ~t~JiH~! ~]';~'l~. 'ht~l:tlc. lht" tR.~t't.'lnfl~.t: of syolbcsizcd ,'ht~k:~l,.rol o|t-,lr~ varies belv, een 12.4 

hi the ~ oi}t~o| ~,l~pl~-s ,~11~,iuil,~, a ,'oll,)id,ll di~pt'r~ion t~f ~-h~,lcstcrol and ,,it.i," a,'ld with~n,l lt~arrow, 
t-htqt~stc:oi esl~'r~ w~'r~. I'lt~T ~r (~holesterol t~,~i~.r~ wt~rt" also I~.ot f~md ill lhc sanlplcs ~.~th-|l ~'(n~taincd marrow 
a~d oleic acid. 

Shuilar r~ults were obt.~incd durii~g fl~e syndlcsis of cholesterol sllcarate. The percentage of synthesized 
cholesterol stearate varied b~tween 13.8 and 20.9. averaging 18.3. 

It is known that the cholester~l-estcrase of the adre~alin gland is distinguished by it~ high synthetic ac t -  
ivity [2]. Therefore in i~d~,vldual experiments, the synthetic activity c~[ the cholesterol-esterase of the marrow 
was c~nnpared with the acLtvity of the adrenalin gland. Dry powdered pig adrenalin g l a ~ ,  prepared by Vll,~htetter's 
mefl,t>,l, was used as the ev.zyme which wa~ added to e~_ch sample (100 mg in each). Th.e data presented in 
Table 2 show that the syn~-.etic choleste:ol esterase activity, of marrow is 2.5 t/rues lower on the average than the 
cholesterol-csterase activity of the adrenal gland. 

On the basis of the results of the work which was carried out, the conclusion can be made that cholesterol- 
esterase capable of synthesizing and hydrolyztng cholesterol esters is contained in the n_arrow of rabbits. 

It is lr that biie acids are necessary for the synthesis [2] and hydrolysis of cholesterol esters by the 
cholesrerol-estetase of the adrenal gland and liver. In connection with this the question ~ose  whether the 
cholesterol-es.tdrase of m~-rtow is actixated by bile acids. In order to decide this, simultaneously with the sample 
containing sodium glycocholate, sampl,~s were run without it (Table I and 2). As is evtdent from ~ e  data pres- 
ented, sodium glycochola~e does not have an appreciable effect on the syvthesis o r  on the hydrolysis of choles- 
terol esters by the chole, sterol-este~ase of marrow. 

L I T E R A T U R E  C I T E D  

[1] E. N. Borozova; Byull. El~pt|. Biol. i Meal. 1053. No. 11, pp. 3.5-36. 

[2] S. V. Nedzvetsky. Btokhimya, Vol. 2, pp. 758~ (1937)- 

[31 W. t.L Sperry and F. C. Brand, ]. Biol. Chem. 187, 377-387 (1941). 

[4] P.J .  Fodor. Arch. Biochem. 26.3,~1-336 (1950). 

[5] L. Swell. I. Byron. and C. R, Treadwell. 1. Biol. Chem. 186,543-548 (1950). 

500 


