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Inactivation of Pneumococcal Hemolysin by Certain Sterols.* 

I t  is \\ell k n o \ \ n  that cholesterol is an effective inhilitor of hac- 
terial lieniol!.sins and sal)onins : Itut \\it11 the possible esception o f  
the saponins' thc chemical niechanism of the inhibition is olxcure. 
So far as concerns bacterial liemolysins, the prol)lem is more com- 
plex and confused hecause it is not even certain that the lysins f rom 
different 1)acterial sl'ecies I~elong t o  one chemically defined class of  
conipouiitls. This situation can 1 R clarified only after systematic 
stuc 1 ies I o i \\.I1 ich 011 r exam i 11 at i on o i pneumococcal liemoly sin 
forms a 1)art. 

1'C'e have alreatly tlenionstratctl that the lysin can be reversibly 
oxitlizecl l)y a variety of agents, ;ml have indicated that its activity 
is associated with the presence of the thiol grouping in the Iysin 
molecule.g 111 vie\\ of  the strong inhilitive action of cholesterol, 
we turned nest  to an esploration of the effects of this and certain 
other sterols in an endeavor to learn more concerning the cheniistry 
of the lysin. -4s will lx seen, our present findings indicate, among 
other things, that the hemolytic activity of this enzyme-like sub- 
stance is contlitionetl, in addition, by a second grouping. 

E.rpehtoztnl. The hemolysin \\as an M / l S  phosphate (pH 7.6) 
estract oi  \vaJietl. irozen ; t n t l  tlla\vc(l pieumococcus ( type 11) cells ; 
an:l our heniolytic unit byas that amount of extract \vhich \ \odd  
completely heniolyze 2 nil. oi a I volunie percent suspension (pH 
7.6) of thrice washed rabliit retl cells. 

Each sterol suspension \\as matlc I)y clissolving .i nig. of the com- 
pound in 5 nil. absolute methanol. which was then poured slowly 
into 100 ml. lmiling jvater. This Gtock 0.00013 ;\I suspension was 
filtcretl to remove some small flakes \vhich separated out (these were 
usually scarcely weighaIAe in amount) : it was then cooled and tli- 
luted with water for use. In  some cases the suspensions were made 
without boiling. The higher concentrations required for cholesteryl- 
acetate \\:ere ol>tained Ijy using the methanol solution direct, along 
with s u i t a k  controls to rule out the effect of solvent. The fresh 

IJnder the term sterol, we  have included for convenience both the alcohols 

1 Wind:ius, A., Nackr .  Kgl .  Gesc~Ikclr. Gijttingen, 1916bli, p. 301. 
2 S I i ~ v : i ( ~ l i i i ~ : i ~ ~ ,  H., H(~Il (~rni :~~i ,  IA., : ind  ( ' o l i c ~ ~ ,  B., J .  R i d .  C h ~ t t i . ,  1934. 107, 737. 

and the derivntires. 



stock suspensions were of fairly uniform nephelometric tlensity ; 
antl occasional colorimetric, gravinietric and nephelonietric deter- 
minations were made to check and adjust tlie concentrations of the 
stock preparations. Kevertheless, the uncertainties involved in the 
handling of these suspensions were such that it is well to remcni1)er 
that the inhiliting doses reported helow represent generally the max- 
imum calculated quantities. 

The  procedure folloived \\as to aIIo\v graded quantities oi tlie 
sterol ( in 0.1 ml. volume) to act on 1 hemolytic unit ( i n  0.1 nil. ) 
of the lysin for 20 to 30 ~n in . ,  after \vliich red cells \\.ere atltled and 
tlie resulting heniolytic activity determined as  usual. The minimum 
quantity 9f sterol \vhicIi inactivatetl one unit \\as taken as the in- 
hibiting close. 

It may be 5tatetl that the minimum inhiI)iting (loses \\ere repro- 
ducible and of the sanie relatiye magnitudes under a n y  one set of 
experimental conditions. The variations ironi time to time were 
due to uncontrollable differences in the sterol suspensions. the 
various liemolysin extracts, antl the red cells. The ranges given in 
Table I are the more instructive in that they show the effects ob- 
tained under diverse conditions. 

The esperinients to  he reported first were made upon ful ly  active 
hemolysin. ( F o r  present purposes. \ve consider the lysin to occur 
in 2 forms : active and inactive. The iuliy active iorm is the natural 
product protected from mild air-oxidation : the fully inactive iorm 
is the air-oxidized product, which can Ix restored to activity by 
treatment with cysteine or  11,s). The results given in Talllt: I show 
the high inhibiting potency of cholesterol, ant1 tlie relative potencies 

Amount required 
t o  inliihit oiie 

1)igitonin lic~niolgtic uni t  
(‘otninon iiiimc Climiic.:il ii:inio ( a )  ~ i r w i p i t a b i l i t , ~  (ma.) 

l ~ . l ~ l ~ ~ 0 1 . l ~ . l t 0 ~ ~ 1  
ovl’r 0 . 2  

0.~IO001-0.0001 

Cliolrstcrol ( b )  + 
Cholestcryl acetate ( c )  - 
Allocliolestcrol Coprostenol ( d )  (e)  + 
Coprosterol Coprostanol ( d )  + 
Cholestenonc Coprostenone ( d )  - 
Pseudocliolestene Coprostene ( d )  - 0.1 

88, 91. 

n.o i -cm 
0.1-lJ.3 

(a)  Nomenclnturc :wcording to Rnsenlicim nnd King,  d .  Soc. Clictn.  Z?id.,  1934, 

( b )  Enstmnn prnduct twicc conwrted to  the dibrornide and tliricr rt‘c.rgst:illizd 

(c) Eaetman product. 
( d )  Kindly supplied by Dr. Rudolf Sclionlicimer. 
( e )  Prepared by the  Windaus mctliod (n1.p. 117O), :tnd r c c ~ ~ t l y  sllown by 

Schonherimer :ind Evans, J .  Biol. Client., 1936, 114, 567, t o  contain admixed 
cholesterol. 

f rom abs. ethanol. Method of Sclionlicimer, %. pliysiol .  Cltetn., 1930. 11)2, Mi. 
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of the other sterols esamiiietl. It may k of interest to note that, 
if cholesterol and Iysin react mole for mole, the concentrations of 
Iysin in the te5t solutions \yere o i  the order of lCa to lW molar. 
This inhibition ot' the iully active hemolysin is irreversible in the 
sense that sul)st.cliient trc';itiiiciit \\it11 cysteine or H,S does not re- 
store any oi  the original Iytic. activity.:' 

Table I slio\vs that the tIigitoiiin-l)reci~)itaI~Ie sterols in the series 
inhibit the I!.sin i i i  i i iuch stiialicr (loses than (lo the tligitonin-nega- 
tiye. ('l'lie chcniicai ~ i ~ i i e s  1 )i the sterols disclose chemical and 
structural differences not evitletit irom the common names.) It is 
seen that the unsaturated alcohols, cholesterol (cholestenol) and CO- 
prostenol. tlifieriiig only in the 1)osition of the double bond, are equal 
in inliilititix iioteiic!'. ( pl'lic. receiiti!. tIisco\.eretl fact that our sam- 
ple oi coprc )stciiol coiitniiic(I alIiiiisetl cholesterol should not alter 
this intcriiretatioii. I 0 1 1  the other liatitl, saturation o f  the double 
Imntl as in coln-ostaiiol is accomiiaiiietl by a considerable diminution 
or' inliilitiiig potency. 1 he tli~itotiin-tiegative sterol derivatives, 
all unsaturate(1. \\'ere iar Ics.. effective as in1iil)itors. \\'e are 
incline(1 to a-crilie the iact t h x t  some oi them did inhibit in much 
higher concentrations to ;LII effect tliffereiit from that under tliscus- 
sion. 

These fintlings on pieuiiiolysiti are in  general harmony with the 
old observations on tetaiiolysiii'. ' a i i t l  on saponin' : ant1 they fur- 
nish, in addition. more quantitative comparisons \vith probably k t -  
ter defined coiiiI)n~iiitls than \Yere then available. 

In contrxst t o  tlic ;il)ove effects on active lysin, \ye find that the 
osidized. iii;t:'ti\.c iomi is iii~luciicetl l)y cholesterol very much more 
slowly, it' at all. For exanil)Ic, \vhen a unit o f  inactive lysin is 
treated with an inhibiting dose of cholesterol for 30 min. a t  37", 
the hemolytic activity can be restored almost completely by subse- 
quent treatnient of thc mixture \\it11 cysteine or H,S. (Here, the 
quickly regenerated Iysin \vas tleterminetl before the cholesterol had 
a chance to exert its sonie\vliat slo\ver effect.) On the other hand, 
active Iysiii similarly treated sliows no restoration, except occasion- 
ally to a small degree, doubtless tlue to small amounts of admixed 
inactive form. -4 known mixture of the two forms behaves in ac- 
cordance with this view. 

a Our suggestion ( J .  B a t . ,  1936,81, 67) that the inhiktive effect of &dester01 
can be reversed W:IS 1J:lSCd nn  wilts wit11 lysins that turned nut t o  bc partly 
inactive. 

* .  

_ _  . .  .. . . .. - 

4Abderlialden, E., and LeCount, X, R., Z. czp. Path. Themp.,  1906. 2. 199. 
Walbum, L. E., Z. Zittmzinitiifsf., 1910, 7, 544. 

6 Haumnann, W., Eofinecsters BBitr., 1905, 6, 567. 
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It seems reasonable to conclude therefore that the state of oxida- 
tion of the lysin conditions its reactivity with cholesterol ; and that 
the presence of the OH group in the sterol molecule is apparently 
essential for the reaction. It is possible that the spatial configuration 
o i  the effective group or groups (as indicated by the parallelism 
ivi th  the digitonin reaction of the compounds under discussion) is 
also a determining influence; but this Ivill require further study. 

EfFect of cliolcstcrol olt the nitroprzlsside reuctiori. The ordinary 
active hemolysin extract (containing 50 to 150 hemolytic units per 
nil.) is usually too dilute to give a positive reaction to a nitroprus- 
side test capable of detecting at least MO-' mole of cysteine in 0.5 
ml. volume. In more concentrated extracts (of about 250 units 
per ml.) a positive reaction of an intensity corresponding to about 
jslO-' mole of cysteine can be obtained. Since a number of quasi- 
specific reactions' of the lysin point to the association of a thiol 
grouping with its action on the red cell, it becomes of interest to 
determine if the inhibiting action of cholesterol affects the availabil- 
ity of this grouping. LVe find that it apparently does not; for a nitro- 
prussitle-positive extract treated with 5 to 10 times the inhibiting 
close of cholesterol for 15 min. still remained nitroprusside-positive. 
.As would be expected, a parallel experiment with cysteine and chol- 
esterol gave the same result. 

It \vould seem, therefore, that the inactivation caused by choles- 
terol leaves the SH group of the lysin free: in other words, that the 
point of attachment (or attack) on the lysiii molecule by cholesterol 
is somewhere else than on the SH sroyp. Consequently, it is reas- 
onable to infer that the lytic activity is associated with at least 2 
different groupings : one capable of reversible oxidation and reduc- 
tion, and the other more or less specific for a certain type of sterol 
grouping and configuration. 

That these functional groupings are not independent has been 
indicated above and is supported by the following observations. AS 
is well known, the active lysin is taken up quickly and practically 
entirely by an equivalent amount of red cells. We find, on the other 
hand, that the inactive form is adsorbed little if at all under similar 
conditions. For esample, 4 ml. red cell suspension were put into 
each of 2 centrifuge tubes. To  tulx 1 was added 0.1 ml. inactive 
extract containing a b u t  2 potential hemolytic units : to tube 2 was 
added 0.1 ml. phosphate buffer. The mixtures were incubated at 
30" for 25 min. and then spun out. The supernatant fluid from 
tube 1 was then added to the sedimented cells of tube 2, and vice 
v ~ s n .  The cells were resuspended, and 0.1 ml. of 0.06 M cysteine 
was added to each suspension, after which the tubes were incubated. 



The final result was as follows: tube 1 showed no sign oi  hemolysis; 
tube 2 showed 8.5% heniolysis. equal to that i n  a third, control tube 
containing Iysin. red cells and cysteine in the sanie proportions. 

These results, taken together \\.it11 the fact that niuch free choles- 
terol occurs i n  the red cell, may ~iieaii that tlie red cell sterol attaches 
active pneumococcal Iysin as ail aiitecetlent to hemolysis. But we are 
not yet preparetl to accept this view without more conclusive data. 
It is, however. of interest in  this connection that cholesterol-treated 
red cells remain vulnera1)le to thc hemolysin, although the rate of 
hemolysis is I-ctartletl more or less. 

The picture presented 
above scenis iairly sel i-consistent : nevertheless. oiving to the nature 
of our materials. it is necessary t o  consitler the pssilility of another 
factor, Tii:., perositle iormatioii. a s  a source o i  significant error in 
interpretation. ' h i s  arises from 2 related facts. In the first place, 
hemolysin esl" )se(I to I 1J12 is :if'ectetI rather rapidly. Secondly, 
cholesterol is ktio\vn to utitlergo spontaneous ositlation in airqi a 
process which apparently involves ;L peroxide stage. ior \ye find a 
week-old stock 0.00013 11 suspension o i  the purified sterol to give 
a pronouncetl test for peroxitlc. \\it11 ferrous thiocyanate reagent' 
and a weaker test with acitlifietl KI. The freshly made suspension 
is negatii.e. and in addition shows antioxidant action liy greatly re- 
tarding the spontaneous oxidation o f  the thiocyanate reagent. 

Granting these facts, (Ioes peroxide formation account for the 
inhiliting action of cholesterol ? Our o1)servation that cholestero- 
lizetl Iysin retains its free SII grouping is one point against such a 
view. We find, however. that the sterol. pretreate(1 \\.it11 a crude 
catalase preparation, retains some 80 to of its in1iil)iting 1'0- 
tency. This, taken along \\it11 tlie fact that traces o i  peroxide can 
be detected in saturated solutioiis of our cholesterol i n  methanol 
(although not detectable in thc Iiiijily diluted suspensions actually 
employed) would indicate that otily a sniall part of the inhibition 
can be assigned to peroxides. 

It is hoped that concentrations of the lysin now in progress will 
provide material lxtter suited for analysis of the various aspects of 
the problems here touched u p i .  

I. It is shown that tlie inhibiting effect on pneumo- 
lysin by cholesterol and certain related sterols is apparently deter- 
mined primarily by the presence of the OH group in the sterol struc- 

7 Scliulze, E., and Wintcrstrin, E., %. phyxiol. Chenc., 1904-5, 48, R1G. 
8 Young, C. A , ,  Vogt, R. R., atid Sicuwl:ind, .J. .\., I n d .  En{/. fkrnt . ,  Anal .  E(7.. 

Tlrc c,fcc.t of corrtnt/rirrn/rts / pro.ritJcs 1 .  

Summzury. 

1936, 8, 198. 



ture and secondarily by the double bond. Possible peroxide forma- 
tion would seem to account for only a small portion of the choles- 
terol effect. 2. Active pneumolysin is inhibited promptly, while in- 
active (air-oxidized) lysin is affected slowly i f  at all by cholesterol. 
Likewise, active lysin is adsorbed by red cells, while the inactive 
form is not. That is, the state of oxidation of the lysin conditions 
its reactivity with the sterol and with its adsorption on red cells. 
3. The free thiol grouping on the active lysin molecule remains free 
after treatment with excess cholesterol. The lytic activity, there- 
fore, is associated with at  least 2 iunctional groupings, one reversibly 
oxidizable, and the other more or less specific for a certain sterol 
grouping and configuration. 

W P  

Synthesis of Protein and Amino Acids in Mice with the Aid 
of Deuterium. 

Schoenheimer and Rittenberg’ have proposed that if non-labile 
deuterium is found in the molecule of a fatty acid isolated from 
tissues of mice which were receiving heavy water, this finding is then 
indicative of the synthesis of the fatty acid in the animal body. In 
connection with the study of the synthesis of protein and amino 
acids in animals, we were interested to ascertain whether or not a 
similar criterion, as used by Schoenheimer and Rittenberg, is ap- 
plicable to protein and amino acid synthesis. B a r b u r ,  et a!..* on 
the assumption that one hour after a single injection of D,O into 
mice a maximum of exchangeable deuterium will lx fixed in the tis- 
sue, conclude that inasmuch as “mice drinking 15% D 2 0  for 2 
months have 3 times the concentration of deuterium (relative to 
body water deuterium) in the tissue as mice receiving a single in- 
jection of D?O,’’ the difference in the deuterium content of the tissue 
indicates the fixation of deuterium in tissue in stable form. It oc- 
curred to us that the isolation of tissue protein and of amino acids 
derived therefrom and the analysis of the isolated products from 
which all deuterium in labile position has been removed would con- 
stitute more direct evidence for the fixation of deuterium in the 

1 Rrlioenlieimer, R., and Rittenbrrg, D.. J .  Biol. Chem., 1935: 111, 163. 
2 Smith, P. K., Tracc, J., mid Bnrl)our, H. G.,  .7. B i d .  Citrvi., 1936, 116, 371. 




