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SI'M,MARY 

A procedure for the fractionation of rabbit  serum is described, which allows the almost  
quant i ta t ive  isolation of a p ,  re ~.,-macroglobulin. Briefly the method is as follows: 
A protein fraction is salted out with amnmnium sulfate, at pH 6.8, between the  
molarit ies I. 9 and 2.4. The ~2-globulins of this fraction ate isolated by  prepara t ive  
eleetrophoresis in agar-gel a t  pH 8.6, and the eluted proteins are submi t ted  to  pre- 
parat ive  ul tracentr ifugation in a densi ty-gradient  of sucrose. The bo t tom fraction 
consists of pure ~,,-macroglobulin, as shown by  electrophoresis on paper,  agar-gel 
and starch-gel, as well as by  analyt ical  ul t racentr i fugat ion and immunological  tests. 

INTROI)U('TION 

The occurrence, in human serum, of protein molecules sedimenting in the ul t ra-  
centrifuge with a sedimentat ion rate close to 19 S was first ment ioned by  PEDERSEN 1. 
BRaTTSTEN 2 was able to localize at  least par t  of such heavy const i tuents  in the electro- 
phoretic ~2-fraction of serum proteins. 

Along entirely different lines, COHN et al. a described the occurrence in the 
Fract ion I I I -O,  prepared according to their  Method 6, of a " l ipid-poor fl-euglobulin". 
OXCLEY et al.* a t t r ibu ted  to this euglobulin a sedimentat ion rate  of about  20 S, 
corresponding to a molecular weight ranging between 5ooooo and 100o000. They 
es t imated this protein to account for about 20 % of the mater ia l  of Fract ion I I I -O.  
The same component was identified in Fract ion II  I-O prepared according to Method IO 
of Cons  et al. 5. By further fract ionation of CoHx's Fract ion I I I -O,  BROWN et al. ~ 

were able to isolate an apparent ly  pure component,  to which they" gave the name 
"heat- labi le  a-glycoprotein",  and which they considered to be identical  with COHN'S 
l ipid-poor fl-euglobulin. 

A third line of approach, involving a scheme of fract ionation with the a id  of 
ammonium sulphate,  was followed by  SCHULTZE et aLL These authors were able to 
isolate a pure high-molecular-weight a~-globulin from normal humz a serum as well as 
from COHX's Fract ion III -O.  This component,  which they called "a2-macroglobulin",  
could be shown to correspond to the heavy protein isolated by BROWN a aL e. 

* l-lead: l'rof. I'. Lambin. 
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It  soon became ch'ar tha t  the ul t racentr i fugal  " r9-S"  peak observed in tht. 
d iagram of normal  serum was composed . f  7.,-macroglobin (two thirds) and  a "/t (: -- fi._,)- 
macroglohul in  (one third) 9. 

Recent ly ,  several new methods  i . w , h ' i n g  prepara t ive  ultracentrifu~;it i . ,~ h:tx-t, 
been described for the ist)latiou of human  :t..-macroglobulin ~'J ~2 

The occurrence of ~.,-globulins which antigenic.:tlly cr.s~-.rcact with humzm 
~.,-macroglobulin has been c, mclusiveh" demons t ra ted  in s.x'cral sp:,,ics ,~f pri- 
mates  ls -n .  In  starch-gel e lectr~ph.resis  practically" all m:,ru~.: ' i ; .~ ~.r:t di-pl:u.: a 
characteris t ic  S~., band  ~s '-,2 which p resumably  corresprmds t -  ~t h,mv,l,,gue f,,r h,tm:~n 
~.-macroglobul in .  Preeipi t in-l ines suggestive for such a p r . t e i n  car, b : . . b s  , r \ , 'd  ir~ 
immuno-elec t rophore t ic  pa t t e rns  ob ta ined  from a great var ie ty  of mature:allan .p,.,'i~,s. 
However.  we have no knowledge of any  work report ing the isolation of such a ~ub- 
stance,  or its properties,  from any  species other  t han  man.  In view -t  tl," strikitl~ 
e levat ion of se rum levels of c~e-macrogh,bulin in h u m a n  nephrosis °-:~ "", ;~n,l th,' rr- 
por ted increase of "~.,-globulins" in the sera of an imals  with (.xpt,rinwnt;d ur- 
phrosis~.~ ~.s. the isolation and  character izat ion ot such ~t.,-macr(,gh~l)ulins in I;tl)~ ~rut,~rv 
an imals  was a t t empted .  Th r  prt,st:nt rep(,rt is concerned with the is,)lat i, ,n fr, ,m r:tl)l )i t 
s e rum of what  appears  to be the t rue  ht)mologue for h u m a n  c¢-macr(,gl,,lm|in. 

31.VFERI:\LS AND METtlODS 
A nalylical methods 

Electrophoresis oJtfiller paper was p , r fo rmed  under  a potent ia l  gradient  (~f 3 \ ~cm, 
us ing  a conven t iona l  Michaelis 1 )a rb i tu ra te -ace ta te  buffer (pH S.(); I ().I). 5tvip~ 
were s ta ined  for prote ins  with amido-b lack- Io  B and,  for carb,)hvdratrs .  1)\- th, '  
periodic acid-Schifl  technique.  

Electrophoresis on agar-gcl according to '~VIEMFfi 9 w a s  performed at room tt 'nlprl '-  
a ture  unde r  a potent ia l  g r ad i -n t  of 2o V/cm, using a ba rb i tu ra t e  buffrr ,)f pH '~.4 
and  1 0.05. 

Starch-gel electrophoresis was carried out  according to the  vertical  nwth, ,d  ,,f 
SMITHIES 30. The starch-gel was composed of I2 g of hydrolyzed starch (C,~ uaaught) 
per lOO ml of buffer (0.025 M H:~BO:~ and  o.olo  M NaOH).  The eh,ctr,,de x~,ss:,ls (,,u- 
t a ined  a buffer of 0.3o M H3I-IO 3 and  0.06 M NaOH.  

Immunoelectrophoreses were performed according t.~ a modi f i ra t i -n  3t - f  .~qHI.~I- 
I)EGGER'S 3*' micromethod. 

Analytical ultracentrtfttgalion diagrams were ob ta ined  with a Spinc,, (3lod,,l-F.) 
Ul t racentr i fuge.  

Preparative methods 

Preparative dectrophoresis was performed in 1.5-cm thick layers of o.6",, (w'v) 
agar-gel, made  in Michaelis buffer (pH S.6; 1 o.o33). The potent ia l  gradient  w:ts 
I V/cm, and  the  durati~m of the run  was 2o h. at  room temperature .  Rec.verv of the 
prote ins  from the gel was ob ta ined  by  homogenizat ion fl)llowed by centrifugati ,m at 
20000 rev . /min  for 2o min, or by elut ion with saline. (The details of this method  will 
be published elsewhere.) 

Preparative ultraceutrifttgation was carried ou t  with the aid of a Spinco (Model-L) 
Ultracentr i fuge,  us ing the Rotor  SW-39. The f ract ionat ions  were obta ined  in a 
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dens i ty-grad ien t  of sucrose according to the  procedure  descr ibed by KUNKEL 33. 
Usua l ly  I ml of the  prote in  fract ion was layered on top  of the  gradient .  

Salting out was per formed with  4.o M a n m l o n i u m  su lpha te  solution tha t  had  been 
p rev ious ly  ad jus ted  to a p H  of 6.8 by the  dropwise addi t ion  of a xo % solut ion of 
Nao.CO,s. Measurements  of p H  were carr ied out  at  room t empera tu re ,  using a B e c k m a n  
Model-(;  pH-mete r .  

Procedm'e for the isolation of rabbi! ~.,.-macroglobMin 

After  unsuccessful  a t t e m p t s  to app ly  the  sa l t ing-out  procedure  descr ibed by  
SCHt'LTZE et al. 7 for human  e2-macmglobul in  to the  isolat ion of e o-macroglobulin 
f rom rabbi t  serum, the  following scheme of f rac t iona t ion  was deve loped  (Scheme I). 

S('tlEMF- I 

31ETHOD FOR Till.; ISOLATION OF ~.:-31ACROGI.OBI'IAN FROM RABBIT SERUM 

: Rabbit serum 

l)ilute with 2 vol. 
phosphate bufft'r 
(plt 6.8, 1/15 M) 
Add 4 M (Ntt0.,S() 4 (pH 6.8) 
to final conch. L0 M 

. . . . . . .  I 
Precipitate Supernatant t 

,.,, S ,.,7 ! 

Discard Add (NH)zSO 4 
(pH 6.8, 4 M) 
to final concn. 2.4 M 

Supernatant ! 
• r , , ~  i 

"%2.4 
. i 

I r 
Discard 

l'recipitatc 

F 6.~ 
i . q . -  2 . . i  

Dialyze (Michaelis buffer, pll  8.6) 
l'reparative clcctrophoresis 

Remaining 
fractions 

1)iscard 

x..,- Fraction 
i 

Preparative ultraccntrifugation 
in density-gradient of sucrose 

'~ Bottom fraction 
is ~o-macroglobulin 

...... i 

Step z. Salting out with z.9 M (NH4),SO 4 .- 

x vol. of rabbi t  s e rum is d i lu ted  wi th  2 vol. of a I /x  5 M phospha te  buffer (So- 
rensen) (pH 6.8). The  d i lu ted  se rum is then  prec ip i ta ted  at a final mo la r i t y  of 1.9, 
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by addition of the calculated volume of neutralized 4 M (NH4)aSO,, and the mixture 
is allowed to incubate at room temperature overnight. The precipitate (called P i.~)*"8 
is discarded by  filtration through Whatman No. I filter paper. 

Step 2. Salting out of the stepernatant with 2. 4 M (NH4)~SO 4 
The ammonium sulphate concentration of the supernatant (called S 6.8) is 1.9 

raised to 2. 4 M by addition of the calculated amount of the same neutralized 4.o M 
(NH4) 2SO4 solution. After incubation at room temperature overnight, the supernatant 
[called 6.s • S 2.4) is discarded by filtration through Whatman No. I filter paper. The 

F 1.9-2.4) is removed from the filter paper and precipitate (called 6.s quantitatively 
dissolved in o.I of the initial serum volume of a I / I  5 M phosphate buffer (Sorensen) 
(pH 6.8), Sufficient 4.o M neutralized ammonium sulphate solution is added again in 
order to obtain a final concentration of 2.4 M and, after filtration, the precipitated 
paste of protein is removed and dissolved in o.I of the initial volume of distilled water. 

Step 3. Preparative dectrophoresis 
The purified fraction F 6.8~.,m..t obtained by Step 2 is dialyzed against Michaelis 

barbiturate buffer (pH 8.6; I o.o3). During the dialysis a negative pressure is applied 
to the external dialysis fluid, so as to obtain a concentration of the contents of the 
membrane by  passage of the fluid from the protein solutions into the external fluid. 
The final protein concentration to be attained is 6o mg/ml. 

The yellow protein solution is now submitted to preparative electrophoresis 
as described in the experimental section of this paper, and after completion of the 
run, the electrophoretic ~2 fraction (which stands out as a dark yellow band) is 
removed from the agar-gel and eluted. The resultant pioduct is called F 6.8 1.9-2 .$--~Z - 

Step 4. Preparative ultracentrifugation 
The fraction F n.s ~ is concentrated by dialysis under vacuum to a protein 1.9-2.4-- 2 

content of 3 ° mg/ml. The c~i~cc~it~atcd pco;ei ,  solution is then layered on top of 
the density-gradient of sucrose solution as described in the experimental section. 
The meniscus is destroyed by gentle stirring ~ t h  a glass rod. and the tubes are spun 
for 22 h at  35ooo rev./min in the Rotor SW-39 of the Spinco Model-L preparative 
ultracentrifuge. The bot tom fraction of the sedimented proteins is recovered by 
piercing a small hole through the walls of the Lusteroid tubes and by drop-wise 
collecting the contents in a set of small test tubes. 

I t  was observed in the course of these experiments that  the presence of a2- 
macroglobulin in preparations from rabbit origin was constantly associated with 
a golden-yellow color. This peculiarity can be exploited for the appropriate pooling 
of the fractions. 

Sucrose is removed by dialysis against phosphate buffer (Sorensen) (pH 7.2, 
x/IS M). 

R E S U L T S  

Analyses of the successive fractions 

Filter paper electrophoretic diag~'arre¢ of the successive fractions, indicating the 
relative areas of the various electrophoretic protein peaks are given in Fig. I. As 
the fractionation proceeds, a progressive enrichment in components ~dth a,-mobility 
becomes apparent, the final preparation resulting in a practically pure az-globulin. 

Biochim. Biophys. ,4cta, 71 (I963) 554-561 
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( ' o n q ) a r a t i v e  p r o t e i n  a n d  carbohydr~t te  staining.~ (Fig. 2) of t h e  s ame  f r ac t ions  
show a progress ive ly  r i s ing  c a r b o h y d r a t e  c o n t e n t  of t h e  se lec ted  c o m p o n e n t s .  

In s t a rch-ge l  e l ec t rophores i s  (Fig. 3) t h e  r a b b i t  % - m a c r o g l o b u l i n  h a s  been  f imnd  
t() ()ceupy tilt '  s ame  pos i t ion  as t h a t  of h u m a n  a . , -macroglobul in ,  i.e. u n d e r  t h e  form 
t)f the  S:¢,, b a n d .  Th i s  c i r c u m s t a n c e  p r o v e d  i n v a l u a b l e  in a s c e r t a i n i n g  t i le  p resence  
()r absene(,  of th i s  p ro t e in  in t i le v a r i o u s  f rac t ions .  

63)'. MICHAEI.I E BUFFER 

. S 1 9  

........ ~._ F19.2 4 

. . . . . . . . . . . . . . . . . . . .  4g~, 

. . . . . . . .  ~ Q~2" IdACROCc'OI~LI t 

Fi~. ]. Ehwt roph . r . t i e  analyses of rabbit-serum fractions. A progressive enrichment in %-fract ions 
is . I ) tained. The final product consists of pure %-macroglobul in (the slow mater ia l  accounting 

for ](~°o of l ids product is an ar t i fac t  due to t ra i l ing on the f i l ter paper). 

. \ , m h t i , ' a l  u l t r a c e n t r i f u g a t i o n  conf i rmed  t h e  p rogress ive  e n r i c h m e n t  in h e a v y  

c ( )mp-nv , l t s  s , , d imen t ing  w i t h  a s e d i m e n t a t i o n  r a t e  of a b o u t  z 9 S (Fig. 4). Q u a n t i -  
t a t i v e  da t a  ,)n t h e  r e l a t ive  a reas  of t h e  va r ious  s e d i m e n t a t i o n  p a t t e r n s  ;~r{, g i v e n  in 
Tal)h. I. 

TABLE 1 

[ ' I .TRAt'ENTRIFUGAI. ANALYSIS OF RABBIT-SI::RUM FRACTIONS 

,[ ]ra,tion~ r,l~e* ol /r:u't:on~ (",,) 

Serum 3.5 87-8 
6.0 9.7 

1.5.O 2. 5 
6.a 3 .6 97.5 

S 1.') 15.5 2.5 

1' 6.1~ 3.4 2-I 
1.9 ti.o (i 0 

1().o 7 
• ().8 

s 2..I 3.6 too 

. 0 , a  3 . 7  7 "  
l' 1.9 2.1 16.2 z. t 

• 6 .a  3.3 35 
| '  1.9 -2.4-0{2 17.() I~ 5 

~z-Macroglobulin z9.6"* mo 

* l'ncorr¢cted for concentration and viscosity. 
** Extrapolated to zero concentration, uncorrected for viscosity. 
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Although the patwr-el,'ctrophore:ic tmtt"rns indicat,y the presence of s.~bstantial 
amounts of a2-globulins in tlw fractions rejected during the fracti matirm process, 
both the starch-gel anah'ses and the analytical ultracc, ntrifugations establish that  
these losses do not occur in the ~q-.S ~a-macroglobulin. Recovery of the desired com- 
ponent in the final material i. almost quantitative,  although small losses do occur 
especially at the preparative eh.ctr~;phoresis step. 

PERIOOIC-ACID-SCHIFF S T A I N  AMIDOSCHWARZ STAIN 

p 6.$ SERUM S 6.8 
1.9 1.9 

, ,.. ;~;~.~~!:, . ...... 

$ I:I SERUM F 7.~ 1.9 - 2A 

p 6.8 SERUM S 68 
1.9 I 9 

Qo 

" S 6.8 SERUM F1.gg~.2.~I 
2A 

e 
• i = :  

O. 2M SERUM 

Fig. 2. Comparative stainings for protein and carbohydrate of rabbit-serum fractions. Note the 
progressive rise of the carbohydrate conicent in the selected fractions. 

Biochim. Biophys..-I eta, 7 ~ (1963) 554--5() I 
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Criteria of purity of the final product 

The x2-macroglobulin preparat ions obtained by  the fractionation procedure here 
described have constant ly  proven to be homogeneous by  all cri teria of puri ty  that  
were applied. The protein showed up as a single and sharp S,¢ a band upon starch-gel 
electrophoresis and as a homogeneous ~2-peak in agar-gel electrophoresis. These 

Fig. 3. Ultracentrifugal diagrams of rabbit- Fig. 4. Starch-gel electrophoresis of normal 
serum fractions. Patterns obtained in the ultra- rabbit serum and of rabbit ct2-macroglobulin. 
centrifuge at 59780 rev./min. The concen- Lef~:andcentre: two different preparations of 
tration of the protein solutions ranged from rabbit %-macroglobulin (i.o and 0.5% (w/v) 
,3.5 to 2.4 % (w/v). Sedimentation rates ~re un- protein). Right: normal rabbit serum. 

corrected for concentration and viscosity. 

facts indicate tha t  the apparen t  heterogenei ty displayed on paper-electrophoresis 
(Fig. I) was due to  adsorpt ion onto the substrate .  In  the ukracentr i fuge a single 
peak, sedimenting with a l a t e  of x9.6 S (extrapolated to zero concentration) was 
obtained.  

Upon immuno-electrophoresis  and in OUCHTERLONV plate analysis all prepa- 
rat ions displayed only one precipit in line when tested against  three different poly- 
va!ent chicken an t i - rabb i t  antisera.  

Biochim, Biophys..4cta, 71 (I963~ 554-56t 
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