
teparin administered intravenously abolishes post-~ 
)2). The addition of heparin to lipaemic plasma in vitr~ 
,NDERSON AND FAWCETT 3 have shown that  the plasms 
s respect, i.e. that  the addition of such plasma to li~ 
action in turbidity. ANFINSEN, BOYLE AND BROWN 4 

nia clearing activity can be concentrated by alcohol 
|a. SPITZER 5 has also concentrated the "clearing facl 
onation and theze appears to be a discrepancy betv 
~SEN et al. but differences in the fractional precipita 
nt  for the fact that  these two gzoups of workers fin 
Lated with very different protein fractions. 
?he mechanism of this effect has been elucidated by 
:AH.~M, LYON, GOFMAN, JONES, YANKLEY, SIMONTON 

DON AND BROWN 7, who have shown that  the dissolu 
VANK AND WILMOT 8 a n d  SWANK AND LEVY ~ is aCCO1T 

ensity lipoproteins which are in turn converted to li 
T h ~  nrnH,,ot¢ rna~7 nr~¢*lnaol~l~r ]~A ~l~n+{G~ ,~* 

. . . . . . .  d . . . . . . . . . . . . . . . . . .  L ~ . . . .  

between his results and those c 
)itation methods employed ma 
find the clearing activity to 

the ultra-centrifugal studi~ 
AND WHITE s, and of BOYL] 

dissolution of the chylomicra note 
accompanied by the production 

poproteins of lower flotatio 
presumably be identified with the ~- and a-lipoproteiI 
(KUNKEL chemical fractionatio 

~ROWN 11, Russ, EDER AND BARR 12) and we may therefol 
ivity of material formed on intravenoI 
Lere CF (clearing factor) designates the active material 

CF CF 
> fl-Lipoproteins ~ a-Lipoproteins 

paper electrophoretic studies 

borts the results of experiments carried out to cast furth¢ 
nechanisms of these interesting transformations. 

uring the tenure of a Postgraduate Travelling Scholarship awarde 
;oldsmiths, London and a Departmental  Fellowship. 

ANFIN, ~ 

account 
associated with 

The 
of  GRAH.~ M 

BRAGDON 

by SWANK 
low-densit , 
rates. These products may 
isolated by electrophoresis 
(ONcLEY, SCATCHARD AND BROWN 11 

summarize the clearing activil 
injection of heparin thus, where 

Chylomicra 

Such a scheme receives stzong 
NI KKILA 13. 

This communication reports 
light upon the kinetics and mechani 

* This work was carried out durin 
by the Worshipful Company of Goldsmitl: 
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ORMATIONS U N D E R  T H E  

C L O S T R I D I U M  W E L C H I [  

by 

G. R. WILLIAMS* 

merit o/ 2Viedical Research, University o] 
Toronto, Ont. (Canada) 
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Lipaemic se rum was obtained from dogs 2-  3 hours  aftel 
ution in deionized wate r  was  used as solvent for the lyophil 
diluent for lipaemic sera. 

Turbidit ies were measured  by  t ransmiss ion measurements  
.de in a spec t rophotometer  employing a Fery  pr ism as mono, 

;netics 

I t  is unlikely tha t  the decrease in turb id i ty  which ( 
• a with clearing factor  at  room temperature  (Fig. I I 
~nding to  a simple order of reaction. This unlikeliho~ 

LS-2-9 

particles which , 
"~'-.x.....~..... While these ex[ 

~'~------" "'---" certain features 
s tudy  and a num 
regarding the pr  

Firstly, the 
completion in vi 
of clearing facto: 
varies from one 
in turb id i ty  sto l 

)ectations are, in fact, real 
do emerge during experime 

a number  of s ta tements  m a y  be n 
progless of the transformatio~ 

reaction does not  procee, 
vitro even at  high concentrat  

factor. After  a period of t ime w 
and a half to two hours the 

stops. The absolute fall in ext 
t ion varies with the initial turb id i ty  but  if 
change is expressed as a fraction of the in 

turb id i ty  a constant  ratio, T° - -  Te~q is obtai: 
To 

where T o is the initial turb id i ty  and T~q the t 
extinction value. We have designated this r 
the "fract ional  clearing" F.C. This is showJ 

arbidity of 
n at  23°C In  this table the initial turbidities, T O 

corrected for the turb id i ty  of the clearing fa 
r u m  (dog), 
• factor so- which is not  negligible. I t  has proved imposs 

in these and numerous other  experiment,, 
r u m  (dog), any  dependence of the initial rate nan serum, 

clearing on the turb id i ty  at  zero t ime suct 

o 010 
¢o 

g 

~ Q2o 

2 

03C 

0.4~ 

o 16o 
Time (rains) 

Fig. I. The decrease in t u rb id i t  
lipaemic se rum on incubat ion  
wi th  clearing factor.  
- O - O - O - I  ml lipaemic serl 

I ml of clearing 
lution, I ml of saline. 

- × - x - x -  z ml lipaemic sen 
i ml normal  h u m a n  
I ml saline. 
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EXPERIMENTAL 

nts  were performed using p lasma  fror~ 
the  exper iments  reported here were p 

t hd raw n  from a dog ten minutes  afte 
Toronto).  The fract ionat ion was  carrie( 

his associates14, is and following ANF 
leafing factor. Two such prepara t ions  
two lots. 

welchii alpha-toxin was  used as a sourc 
ied b y  Dr. G. D. BRIGHAM of Parke, De 
ven intraperi toneal ly and o.06 ml by  in1 

after  giving a 
)hilized cleari 

a t  7oo m/ 
monochromato r  

RESUI TS 

occurs on 
I) will ob~ 

elihood is incr 
the dissolution of the 
through intermediate st~ 

would th 

Table I and Fig. z. 

show 

ra t s  wi thout  
lg a globulin 

injection of 
Uy according 
fraction I I I ,  
lo significant 

ipase C. This 
troit,  U.S.A. 
te in 16-2o g 

~.I 5 M NaC1 
paration and 

~ments being 
odel "B") .  

of lipaemic 
,tion corre- 
e fact tha t  
m a y  pass 
ponding to 
at ter  light. 

realized 
)erimental 

made 
Lion. 

)roceed to 
:entrat ions  

which 
urs the fall 

extinc- 
if this 

itial 

rained, 

final 
ratio 

shown in 

a r e  

factor  
;ible 

:iments to 
rate of 
such as 



0 . 3 3 9  
0 . 4 2 0  
0 . 4 2 3  
0 . 4 8 2  
0 . 5 5 5  

t be expected if the system obeyed the 1VIICHAELIS 
ne catalyzed reaction (c/. Fig. 2). If such a formula 
aa must correspond to a low extinction value and, usin 
lent it is difficult to make ac- 
e measurements of the change 
rbidity when the initial value of 
~xtinction/cm. falls much below 
• It  is hoped further to examine 
)roblem using a sensitive nephelo- 
: which has been constructed. 
it follows from the above that the 
nation given by AN~INSEN et al. 4 
cling the activities of their various 
la fractions (i.e. change in optical 

ring insufficient for complete char- 
ization as the amount of clearing 

is strictly - ~ /  

. \  
[ the initial "~.__ 
grees with 
ip between " ~  
factor and 

p has been 0 sb lb0 ~0 Time (rains) 

o n  of the F i g .  2. T h e  d e p e n d e n c e  o f  t h e  d e c r e a s e  in  t u f f  
out of 16) d i t y  u p o n  t h e  i n i t i a l  t u r b i d i t y .  0 .2 ,  0. 3, 0. 4 1 

of  l i p a e m i c  s e r u m  (dog)  w e r e  r e s p e c t i v e l y  a d d  
f i r s t  f o r t y  t o  i m l  o f  c l e a r i n g  f a c t o r  s o l u t i o n  (I % w t / v )  al  

elationship t h e  vo l .  m a d e  u p  t o  3 m l  w i t h  s a l i ne .  
~. turbidity - 0 - 0 - 0 -  i n i t i a l  t u r b i d i t y  = 0 . 2 8 0  

- × - x - × - i n i t i a l  t u r b i d i t y  = o . 4 2 o  
e start of -O-O-O-init ial  t u r b i d i t y  = o.555 

ls a constant (Table II) over the initial period of clearin 

meter 
It  

information 
regarding 
plasma 
density/hour/mg protein) 
speaking 
acteriza 
which occurs is a function of 
turbidity. However, one a 
their finding of a relotionshi 
the concentration of clearing 
the degree of clearing (Fig. 3). 

One further relationship 
found• In a high proportion 
progress curves examined (I3 
there appears to be for the 
minutes a straight line relations 
between the inverse of the 
and time elapsed since the 

I T o - - T t .  
the reaction, i . e . - - . - - - -  

tTo  Tt 
References p. 79. 

T A I 3 L E  l 

U M  ( D O ( ; )  B Y  C O N C E N T R A T E I )  C L E A R I N G  

E A C H E D .  C O N C E N T R A T I O N  O F  L Y O P H I L I Z  

A (dog)  BY LOW TEMPERATURE *LeO 
PITATION = O.33 % (W/V) 

Fractional clearing 
To-Teq To-Teq 

7"0 

o . o 6 9  o .73  
o . 1 2 9  0 .72  
0 . 2 0 4  0 .78  
o . 2 1 9  0 .78  
0 . 2 5 0  0 .74  
o . 3 1 3  0 .74  
0 . 3 3 0  0 .78  
0 . 3 6 5  0 .76  
0 . 4 0 6  0 .73  

; H A E L I S - M E N T E N  

,rmulation holc 
g the Be 

ooc 
LS-3-2 

~ 0.1C 

02C 

03O 

0.4,0 

onshi 

[ N U F I A L  

F R A C T I O N  

N A L  P R E -  

n for an 
of the 

el B in- 

- - o  

e< 

-o  

t u r b i -  
m l  

a d d e d  
a n d  

. g .  



r . . . . .  

- ' ' ~ ' - - - ~  systems, e.g., w 

~ 
' " ~  • ~ T ~  o ~  c 

(dog): t = T I M E  ( 

T,= 

Time Crnins) 

;. 3. Effect on the  decrease in tur-  
[ity of vary ing  the a m o u n t  of clearing 
tor  (unfract ionated heparinized ra t  
~sma). 
- O - O -  o.5 ml of clearing 

factor prepara t ion  

factor p repara t ion  

factor p repara t ion  

NAGLER 16 first showed that on culturing Clostridiu~ 
opalescence appeared due to the liberation of fat fro 

ect which can be observed only in human serum ant 

IO 0.333 o.o639 
18 o.281 o.o664 
23 o.253 o.0690 
3 ° o.233 o.o643 
4 ° o.2o 3 o.o64i 

Clostridium welchii Type A in human s~ 
from lipid-protein complexes. 
and plasma has subsequently 

of workers ~7, ~s, xg, 20 and it has been shown that the instat 
and their consequent breakdown is brought about by 

is by an enzyme present in the a-toxin, these phosphol 
tl in some way 1or lipoprotein stability. This effect is, at 
: the effect of clearing factor but no investigation appea: 
tterrelationships. I t  appeared that such an investigation rr 
ns. We have therefore examined the effect of clearing f~ 
~r predncubation with Cl. welchii toxin and the effect o 
ra pre-incubated with clearing factor. 
,,at cut effect is obtained. If  lipaemic dog serum is incub 
short time it becomes impossible to produce a fall in turbJ 

with clearing factor (Fig. 4). 
not yield such a clear-cut result. Nineteen human sera ] 
taken from young adults in good health working in 

- x - x - x -  i .o ml of clearing 

- O - O - O -  1.5 ml of clearing 

Interaction with the NAGLER effect 

an 
elf 
investigated by a number of work 
of the native lipoproteins 
hydrolysis of phospholipids 
being presumably essential 
superficially, a reversal of 
have been made of their in 
cast light on both reactions. 
on dog lipaemic sera after 
welchii toxin on human sera 

In the first case a clear 
with C1. welchii toxin for a 
on subsequent treatment with 

The second case does 
been examined. Ten were 
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any given progress curve but c~ 
velocity constant as it ' 
concentration. The form 
equation for a second orc 
coincidental as indeed mi 
from aconsideration of th 
it being unlikely that 1 
chylomicra could form a 
enon under discussion. 
that  this "constant" ma 
comparison of clearing 

with sera 
"substrate". 

TABL] 

CLEARING 0 

(IN MINS) 
T U R B I D I ' I  

~50 t Tt 

o o.4~ 
2 o.4c 
5 0-3; 

ork, 

the initial 
,nce to the 
is therefore 
en expected 
the system, 
ion of two 
ae phenom- 
~er possible 
eful in the 
n different 

origins as 

~ R U M  

L T U R B I D I T Y ,  

z To- -T t  

t" To"  Tt 

~.o65o 
3.o642 

erum 
This 
been 

instability 
by the 

pholipids 
least 

)ears to 
~tion might 

factor 
of CI. 

incubated 
bidity 

have 
this 



Time (rnins) 

4. Failure to elicit the clearing re- Fig. 5. T 
nse after pre-treatment with Cl. welchii by pre-ir 
bxin. - O - O - (  
- O - O - prior incubation with saline - × - × - : 
- x -  X- prior incubation with toxin. 

wed a suppression of the NAGLER effect by  pre-in 
s effect is shown in  Fig. 5, bu t  not  all sera showed 

tox in  as the case presented;  however in all n ine  
ught  abou t  by  the tox in  was d iminished to a gr 
- t r ea tmen t  with cleazing factor. Addi t ion  of a mixt l  
clear serum gave a response equal in magn i tude  1 

• , • • , ' l  , , l r  - i ~  L 2 I ~ 1 _ ~  

O - O - O - saline control 
× -  × -  x -  pre-treated with clearing fa 

~re-incubation with clearing fa( 
such a complete resistanc 

cases the increase in tu rb i  
reater  or lesser degree by 
ure of clearing factor and  t~ 
to tha t  given by  toxin alq 

lat there was no direct inh ib i t ion  of the enzyme by  clea 

five gave a similar response to tha t  out l ined above, bu 
~rsal of the effect, i.e. the increase in  t u l b i d i t y  on incuba  
raced by  prior t r ea tmen t  wi th  clearing factor, such a r~ 
er of the first group also. I t  was suspected at first tha t  
of these sera might  be related to the presence of abno] 
which GOFMAlq has associated with the atherosclerotic st 
rom confirmed atherosclerotics which we have examine 
,~sponses, i.e. a suppression of the NAGLER effect. These re, 
iII. I t  is of in teres t  to note  tha t  the two abnormal  respo 
given by  sera from pa t ien ts  with bi l iary  cirrhosis, a conch 
companied by  a high concent ra t ion  of an abnormal  ~-! 

- x - x - x -  

showed 
This 
the 
brou 
p re - t rea tment  
to 
so it  m a y  be presumed tha t  
factor. 

Of the second group, 
two cases there was a reversal 
with the a- toxin  was enhanced 
being given by  one member  
" a b n o r m a l "  sensi t izat ion 
l ipoproteins such as those 
However,  bo th  the sera fro 
far have given "no rma l "  res 
are summar ized  in Table  I I I .  
of the clinical group were g 
which is known to be accom 
prote in  1~. 
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up of pat ients  with diabetes and/ 
ith atherosclerosis. In  the first gro 

I"001 LS-3-10; Subjec! 
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The suppre.~ 
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?me (rains) 
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result  
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:amined so 
results 
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Atherosclerotic 
Diabetic 400 
Cirrhotic 300 
Normal 206.5 
Sec. hep. carcin. 222 
Normal 114.6 

. Normal 2o6.3 
Diabetic 14 ° 
Diabetic 287 
Normal 292.3 
Normal 92.9 
Atherosclerotic 
Normal 177.2 
Normal 184. 7 
Normal 2 i2.8 

d response 

Normal 187. 5 

The kinet ic  s tudies  so far carried out  do not  provid 
aaechanism of this t ransformat ion ,  a l though they m 
: f lo ' :~ fJn 'n¢ J 'n tn  { ~ o f n r ¢  w h l r h  m z x r  i n A 1 1 ~ n ¢ ' ~  f h ~  enl l rC:  

o y  t~te~.x xu~ 

o.605 
o.I65 
0.895 

~rovide any  fur ther  informat ion  
ma y  provide a basis for fu t t  

¢hich m a y  influence the course of chylomicra dissolution. 
ted on the in terac t ion  of the effects of clearing factor a 
d c h i i  toxin  provide an  exper imenta l  basis lo t  the mtegra t i  
la ted pieces of knowledge concerning the l ipoprotein col 
asis of the facts reported in the preceding section we m 
to the scheme conta ined  in the in t roduct ion,  the followir 

tospholipase Sensit ive Lipoprotein  

)spholipase Insens i t ive  Lipoprotein  

ion of the l i terature  concerning the s t ructure  of the fl-, a 
there may  be no difficulty in equat ing  the two summar i  

n . n .  
W.H. Biliary Cirrhosis 600 
A.P. Biliary Cirrhosis ca. 15oo 

Th 
the mechanism 
invest igat ions  into factors which 

The studies here reported 
of the phospholipase of Cl. welchi i  to 
of a n u m b e r  of h i ther to  isolated 
plexes of plasma. On the basis 
now write as an a l te rna t ive  

Ph( 

Ph¢ 

However,  an exaxninati  
a- l ipoproteins suggests tha t  
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TABLE III  

ERUM LIPOPI~OTEINS BY CI. welchii a-TO: 
O R " .  O N E  m l  OF SERUM WAS INCUBATE 
ULIN FRACTION FOR 3 h AND I ml o] 
FOLLOWED UNTIL THE PROGRESS CUR 

Serum Increase in turbid~ 
total cholesterol Treated with Sali~ 

(rag~zoo mO CF 

177.5 0.095 c 
- -  o.16o ( 

402 o.145 ( 
203 0.045 c 
19o.  4 o . I o o  ( 
I 8 8  o . 1 3 4  ( 
187. 5 0.248 c 
219.O O.310 c 
195 0.090 ( 
280 0.233 ( 
277.4 1.3o : 
178.8 0.355 ( 

- -  o.415 ( 

182.1 0.796 ( 

175.0 0.212 ( 

212.8 0.305 ( 

171. 7 1.25 
315 0.355 

ca. 900 2.10 

DISCUSSION 

i t o x i n  

Chylomicra 
c F  

CF 

;tEATMENT 

OFA I ~ o  
DED. THE 
D 

"inhibition" 
',leafing factor 

83.4 
81.1 
76.0 
72.4 
71 .8  
71.o 
68. 7 
61.8 
57.2 
36.7 
29.4 
23.7 
26.8 
I 8 . I  
16 .2  

15 .o  

"activation" 
:leafing factor 

10 7 
115 

135 

on 
nre 

and  
ra t ion  

c o r n -  

ma y  
ollowing: 

and  
tmmanes.  



nber of uncertainties as pointed out by LUCK ~5. We 
lation. The volume of the lipid moiety is readily eal 
in surlace film to be of uniform thickness one may s, 
Lich the unknowns are the major and minor semi-axe 
the surface area of the lipid residue may be calculat~ 
t to equal 17,2oo A 2. However, when allowance is n 
in monolayer it is found that  the area over which pro 
3oo A 2. The area which could be covered by the pr( 
'cad as a compressed film is 17,4oo A 2 and it is there 
nce of phospholipid in the surface of the a-lipoproteiI 
of phospholipid in the exposed surface of each molecu 
at present in the surface of the fi-lipoprotein. This m 
xplanation of our results. 
2OHN 26 has suggested that  the sensitivity oi a lipid- t 
?holipase is to be correlated with the presence of p 
omplex. If  we accept this apparently reasonable su~ 
;sary to equate the findings here reported with 
centrifugation is that  the reactivity of any comple~ 

area of phospholipic 

If such an assumption is made the above results rr 
rmation of the findings reported in references 6, 7, an~ 

)rotein complex to Cl. weld 
~hospholipid in the surface 
ggestion, the only assumptic 

the evidence obtained 
)lex to Cl. welchii phospholipa 

~id exposed on the molecul 

may be regarded as providil 
and I3, the production of a-li F 

nder the influence of clearing factor being accompanied 1 
ae phospholipase of the toxin. Conversely if the two schem 
nt the inhibition of the NAGLER effect by clearing fact 
Lrded as the first direct evidence in confirmation of t 
:- and fl-lipoproteins on physico-chemical grounds. In eitk 
plasma lipoprotein interrelationship is reached. 

ndebted to Dr. C. H. BEST for the privilege of working 
mcouragement and interest. He also thanks Dr. W. G. 
~le advice and assistance, Mrs. H. J. HAUSLER for techni~ 
BRIGHAM of Parke, Davis and Co., Detroit, U.S.A. foi 
n used in this work. 

phosr 
the com 
necessar' 
ultracentrifu 
will be governed by the actual 
surface. 

If  
confirmation 
protein from fl-lipoprotein under 
a decrease in sensitivity to the 
are assumed to be equivalent 
here reported may be regarded 
structures assigned to the a- 
way a consistent picture of 

The author is greatly inde 
his laboratory and for his encoura 
CASSELMAN fo1 much valuable 
assistance, and Dr. G. D. 
generous supply of the toxin 
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the liberation of lipid by Cl. welch 
gation, and both McFARLAN~ 23 
at it is necessary to presume the t 
=al fl-lipoprotein molecule. This n( 
omposition and its molecular di 
t sufficient plotein to form an inta~ 
~e lipid in this surface. As howe 
nent of the surface must be pol', 
id. 
: the a-lipoprotein, which is an el 
been made and indeed such calcu 

have ho,a 
calculated a 

set up sirn 
..ml-axes of the 1 

calculated and w] 
made for 

)rotein wou 
)rotein moi 

therefore necc 
)rotein molecul 

:h molecule (6,900 
may  be of 
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le serum humain  ont  6t6 le sujet  de nos investigations• Ce 
~ment prdalable du serum lip~mique par  la toxine. L 'augme 
~ation du serum humain  jefine avec la toxine est diminu6 
ur clarifiant. Ces r6sultats ont  6t~ raises en relation avec les coi 
poprotdines dans le plasma. 

Die yon ANFINSEN et al. beschriebene Anreichung des LipAmie 
na wurde  wiederholt. Die Kinetik der Lip/~mie-Kli~rnng wurde 
s K1/ir-Effekts zur Trfibung menschlichen Serums durch C, 
ert. Vorbehandlung von LipAmie-Serum mit  diesem Toxin l 
inden. Vorbehandlung menschlicher Nfichtern-Sera mit  dem I~ 
lffolgende Inkuba t ion  mit  dem Toxin verursachte  Zunahm, 
~n mit  der bestehenden Auffassung fiber die S t ruk tur  der Plasrr 
~cht. 
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