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Lecithin: cholesterol acyl transferase activity in human cerebrospinal fluid 

It has been shown iha t  in casts  of mul t iph '  s c l e r ( ) s i s ,  demvel ina t ion  is acc(m~- 
panied by  loss of phosphol ipid  and esterif ication of the ch()lesten)l in brain tissue 
membranes~,L It is of interest ,  therefi)re, to know the na ture  (,f the enzymes inv(>lved 
in phosphol ip id  and sterol metabol i sm in cerelm)spinal  fluid bathing this tissue. The 
(wcurrence ()f phost>h()lit)ases -'\1 and A~ in ( 'erelm)spinal fluid (('Sl;) has been rep()rted 
previously  a and the present  s tudy  relates to leci thin:  cholesterol acvl t ransferase and 
clmlesterol esterase act ivi t ies .  The associat ion ()f lecithin : ch~)lcsterol acv1 transl\ .rasc 
with the high-densi ty  l ipoprotein of serum is well e s tab l i shed  2 (~. I .ecithin and choles- 
terol of h igh-densi ty  l ipoprotein have als() been shown :-'~ to be the preferred ¢'()- 
subs t ra tes  fi)r this enzyme.  

Samples  ()f normal  human CSF having a protein  content  of 25 35 mg °/o were 
selected after  clinical examina t ion  from both child and adul t  pat ients .  P()oled Salnples 
from two groups of the f()rmer and one group of the la t te r  were centr ifuged at 2o~)oo 
g for 2o rain to remove a n v  cellular mater ia l  prior to 3o-f()ld concentra t ion by  ul t ra-  
f i l t rat ion through a membrane  filter (Amicon N.V.) with an upper  l imit  ()f lwrnwabil i -  
ty  to nlt)lecules of approx,  zooo nml. wt. The prott ' in content  of the concent ra ted  (',ql: 
was thus raised to I.o°,,. l:(w comparis(,n tests, samples  of fi'esh hulnan serum were 
also di lu ted  with water  to a similar  protein  concentraticm of appr()x, o.8(},,. 

The lecithin : cholesterol acvl t ransferase ac t iv i ty  was de te rmined  by  incul>ating 
samples  of concent ra ted  ('.ql: ()r d i lu ted  serum with ei ther  4-~'W ch()h,sterol ()r bi()- 
syn the t ica l ly  prepared  ~" ¢,¢-i I-~~C , l e o v l  lecithin and de te rmining  the resul tant  radio- 
ac t iv i ty  appear ing  in ch.lester<)l esters, l :or ass;txs involving '4-~(  ' ' ,cholesterol,  a 
s tock subs t ra te  soluti(m was prepared  conta ining ~ tR" 14-~~C cholesterol (specitic 
ac t iv i ty  55.8 mC/mM) dispersed with I pnmle  lysolecithin in 2.o ml ()f o.z .M Na(' l ,  
using a Whi r l imixer  (l"isons Scientitic Ltd.,  Eng land) . . . \ l iquo t s  of o.z mI were then 
taken fi>r each assa \ .  A similar  dispersion of/'~-~-~4(" ole()?,I lecithin (r.o 4 • zo (; disint.. '  
rain per tmmle per 2 ml) in o.i  .~1 saline \x-as also t)r(,pared, o.I ml al iquots  again l>(.ing 
used cts subs t ra te .  

Since the level of high-densi ty  lip()protcin is r e l a t i v e h  low in ( 'SF,  two assav 
procedures  were cmphkved with each subs t ra te :  In the first, o. 5 ml c(mcentrated ( 'SI:  
was added  to o.~ ml of the radioact ive  subs t ra te  and,  a f t e r  lnixing the contents ,  the 
tube  was st()ppered and incubated  at  37: fi)r 2o h. In the second procedure,  o. 4 ml (>f 
fresh human serum, which had previously been hea t - t rea ted  at  6 o  ILr 3 ° inin t,) 
des t roy  its leci thin:  cholesterol acv] transferase act ix ' i t \  '~ ~a, was emulsitied with 
o.x ml ()f the subs t ra te  solution and then o. 5 ml concent ra ted  ( 'SI:  added.  Mixing and 
incubati(m were then carried out as above. ( 'ompar ison tests with o. 5 ml al iquots  (,f 
the di luted serum were also assayed under  similar  condit ions as were controb; for 
each t)rocedurt ' c(mtaining water  it) place of ( 'SF.  

After  incubat ion,  l ipids were ex t rac ted  by  the meth()d of tII.I(;H ;x.xD I)'¢H¢ 14. 
l:or the assax's twrfi)rmect in the absence of h e a t - i n a c t i v a t e d  serum 3 pmoles  each of 
ch~)lesteml s teara te  ;~ncl ei ther  fr(!e clmlesterol or h 'cithin were added as carriers  fi)r 
the isolation ()f the aptwopr ia te  lal)elled colnpound.  The labelled c h o h ' s t e r o l  esters 
were then resolved fiOln ei ther  lecithin , r  fi'ee ch()lester~d by th in- laver  chr<,mat,)- 
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L E C I T H I N  : C H O L E S T E R O L  A C Y L  T R A N S F E R A S E  A C T I V I T Y  IN HIP,MAN C E R E B R O S P I N A L  F L U I D  

CSF c o n c e n t r a t e  con ta ined  app rox .  1% prote in .  Di lu ted  s e r u m  con ta ined  approx ,  o.8 ~'o pro te in .  
P ro te in  was  e s t i m a t e d  in each p r e p a r a t i o n  us ing  the  [ :o l in- ( ' ioca l teu  reagent .  Za. 

Nt*bstratc Radioacttvity in cholesterol esters 
(dis int . !min per 5 mg enzyme 
p , . < , t , . , O  . 

( 5  F Diluted Serum 
(concentraled) ( l .'9) 

[4-iaC iCholesterol  z7 o .-. 4 ° -13oo -t_z 30o 
[4-t 'l("iCholesterol plus  hea t - i nac t i va t ed  s e r u m  203o .[= 360 490o +. ioo  
//_ii _1,(-]Oleoyl lecithin io n.d. 
/~-L 1-ilC]Oleoyl lecithin plus  hea t - inac t iva t ed  s e rum 97 ! 15 178 1_ 12 

" Net  r ad ioac t iv i ty  a f te r  deduc t ion  of  b lank  read ings  for controls .  

graphy  on 0.25 mm layers of silica gel 1t (A. G..Merck, Germany).  The developing 
solvent was 7% diisopropyl ether in light petrol (R,, values fl~r cholesterol esters, free 
cholesterol and lecithin were o.8, o.I and o.o respectively). The plates were sprayed 
with a lO% solution of  scintillation fluid (as prepared for radioassay) in alcohol and 
the bands visualised under ultraviolet illumination and scraped off the plate. Free 
and esterified cholesterol were eluted from the silica with 18 ml ether. Lecithin was 
eluted with 18 ml methanol. After evaporation of the solvents io ml of  scintillation 
fluid were added to each and radioactivi ty was assayed using a Beckman LS 2ooB 
Liquid Scintillation Counter. Control experiments showed that  recovery of radio- 
act ivi ty from the plates exceeded 90'}0. The results for the net incorporation of radio- 
act ivi ty into cholesterol esters after deduction of control blanks were calculated for 
a given concentration of enzymic protein. The values are set out in Table I. 

Clearly, the concentrated human CSF in the presence of heat-inactivated serum 
catalysed the formation of ~4C-labelled cholesterol esters from added f4-~4C!cholesterol 
or fl-ir-~4Cjoleoyl lecithin. No appreciable difference in enzyme act ivi ty was noted 
between samples of  CSF derived from either child ~r adult patients, so only the mean 
values for the three groups are given. It can be seen that  the level of lecithin: choleste- 
rol acvl transferase act ivi ty of ('Sl" under optimal conditions is somewhat less than 
the calculated value for serum diluted to the same protein concentration. The values 
obtained using labelled cholesterol and lecithin represented only 41'!o and 54'!0, 
respectiw;ly, of  the corresponding values fi)r the diluted serum. The much higher 
esterification of ]4-~4Cicholesterol by CSF found in the presence of heat- inactivated 
serum was not due to residual lecithin: cholesterol acvl transferase activi ty present 
in the heat-treated serum because the blank values fi)r controls using water in place 
of (TSI r were negligible. The lecithin: cholesterol acvl transferase activities of both 
CSI; and diluted serum were also fimnd to be reduced by freezing the samph's, some 
3 ° 35~i, of  the original activi ty being lost by storage at - - I 2  ~ for 2 weeks. 

In view of the report that  some esterase act ivi ty is present in CSF ~s, tim possi- 
bility that  hydrolysis of  newly formed cholesterol esters could occur was investigated. 
Biosynthetically prepared samph's (2oo nmoles) of  14-~*CMlolesterol esters (specific 
act ivi ty  lO 4 disint./min per nmole) were dispersed in I ml of o.o5 M Tris-HCl buffer 
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(ptt 7.4) containing I. 5 mg sodium deoxvcholate and o. 5 nil ~f concentrated ('SI: 
added. After incubation for 3 h at 37 :> the lipids were extracted and carriers added. 
Free and esterified cholesterol were resolved by thin-laver chromatography. In no 
case was any activity detected in the free ch~lesterol fraction, thereby denmnstratin~ 
that ch~lesterol esterase activity is absent from hulllall ('S|". 

Bearing in mind the known presence of high-density lip~protein in t'.ql :~'~ TM 

and the associati~m of lecithin : cholester~d acvl transt\.rase \vith plasma high-density 
lip,,protein, it appears that the activity detected in concentrated human ('SI: is 
derived from1 plasma after filtration through the chtm,id plexuses. "['he marked 
stimulation of lecithin: cholesterol acvl transferase activity in ('.ql: in the prt.sencc 
of heat-ina.ctivated serum indicates the lack ¢~f suitable substratc in normal ('Sl:. 

This situation a.rises from at least two principal factors. Firstly, hunmn lecithin: 
cholesterol atcyl transfl'rase shows a preference liw lecithins containing linoleatc '~,l~. 
The very low proportion ~)t this acid (4". of total fatty acids) present in ('SI: lecithin TM 

compared t,~ that (25',6) of serum lecithin would favour ;t slower utilizati~m ,,f ('SF 
lecithins for cholester~fl esterification. 

However, this difference of 0-fi~ld concentration in linoleic acid is unlikeh" to 
account on its own for the nearly ~o-fi)ld stimulation in enzymic activity fi~lloxving 
the addition of the dilute heat-inactivated serum. The second factor \v~mld appear to 
involve the relative concentrations of lecithin: cholesterol acyl t,anserasc and high- 
density lipoprotein cholesterol and lecithin in CSF compared to the values for serum. 
The level of lecithin : cholesterol acyl transferase activit\" in serum has been shown to 
be pr,w,rtional to the quantity ,,f high-density lipoprotein present -°'. Thus CSI: 
which has lower concentrations of high-density lipoprotein, cholester~,l and lecithin 
per mg protein than serum~S. "a would be expected to have a lower abs~dute level ~,f 
lecithin: cholesterol ac\l  transfcrase assuming that high-density lipopv~tein and its 
associated lecithin: ch~lester~d acyl transferase permeated equally well through the 
choroid plexuses. The tinding, however, that the enzyme was operating at ~,nh' I. Ioth 
its optimal capacity in ('SF was ul)expected. CSI; would appear to contain a surt~lus 
of free lecithin: cholesterol acv1 transferase for the amount of high-density" lipoprotein 
mwmalh" available there. 

"fhe results establish, however, that CSF possesses aI)preciable cholester~l ester 
synthesising activity provided there is appropriate juxtapositioning of the lecithin 
and cholesterol as in the. lipid component of high-density lipoprotein. Such a situ- 
ation might twcur in lip~proteins of brain tissue cell membranes armmd ch~lester~,l 
m,~lecules given greater degrees of freedom ~f movement b\" the depletion of some 
neighbouring ph~spholipid molecules. 
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Some properties of abnormal red blood cell pyruvate kinase 

Ery th rocy te  pyruva te  kinase (ATP:pyruva te  phosphotransferase, EC 2.7.1.4 o} 
deficiency is a metabolic disorder in which a great  variety in the parameters of 
enzymat ic  act ivi ty  JLV and K m  (phosphoenol pyruvate)!  has been found. Three types 
c{ml{l be distinguished based on these kinetic parameters.  In most cases the. para- 
meters are measured on the {:rude hemolvsate. M U N R O  AND MILLER 1 concluded for a 
mutan t  enzyme that  the AI)P  and P E P  (t)hosphoenol pyruvate)  sites show a greater 
cooperation than the normal enzyme. However they did not calculate the extent of 
cooperation, for instance, expressed as the Hill coefficient. 

This paper deals with three unrelated pyruva te  kinase-deficient patients fl'om 
whom the enzymes are partially purified to stage 4, according to the method of SraAI. 
el al.". The enzymes were finally dialysed overnight against o.oI M Tris-malate  con- 
taining 5o% (v/v) glycerol (pH 8.o). The enzymat ic  act ivi ty of pyruva te  kinase was 
measured according to the nlethod of B{:CHER ANt) PFI.I..'II)ERER a. 

Fig. I shows the I / v - I / [ P E P ]  plots at various A D P  concns, of the normal, 
(highly purified) enzyme and the mutan t  enzymes. In contrast  to the normal enzyme 
(Fig. IA), the enzyme of patient J. v/d K. (Fig. zt3) gives straight lines. This was also 
flmnd with the enzyme of an unrelated patient (N.S.) with pyruva te  kinase deficiency 
(figure not shown). However, the enzyme of the third patient (B.H.) shows the same 
picture as the normal enzyme. The /(m values flw P E P  at IADP] = oo are, within 
experimental error, identical. Moreover, in all Ifi, versus I / IAI )P  ] plots of the data  
of  these patients,  straight lines are obtained (not shown) and the K m  (ADP) at 
[PF.1,1 = 00 are also normal. From these data  it {:an be concluded that  the enzymes 
{}f patients J. v/d K. and N..q., in contrast  t{} n{}rmal enzwne and the enzyme of pa- 
tient B.H. have lost their allosteric properties. 

Fur ther  evidence for this conclusion is found in Fig .  2. This exl}erilnent sh{}ws 
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