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Gel chrbmatography of human:serum. o’n 1,: column “of Sephadex C&o gave, 
the three standard fractions. From the. fi$hf;these ‘(Ig~j,,‘,cohtaining:.~~M;::dc~-~~~lo- 
globulin and &-lipoprotein, IgM has ,been,isolat,ed’ by gel chromatography combided 
with simultaneous electrophoresis. The’aielctris~~~~~ato~aphid’ separation ‘ix&s ,G,a&kd 
out on a column of original construc~~bn’,“‘~~~~~b~d m detail. 1 
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The gel chromatography of s,,a:~ion::a_.~~~~~~~~~~of;Sep~~~~~;:,~~~~~,~~~d~~~~ 
FLODIN AND KIJJANDE&,,~ in 1g62 and &a&d iA ‘~-~~~~e:~~of~~~se’~u~n~:d~~~u~~c~~ 

tions (e.g., refs. 3-8), is known to .yield three fractions,,.the *first .of which: contains 
IgM, a,-macroglohulin: and, &-lipoprotein ,as the j major, components. Owing. to ,t,he 
skdimentatiou velocity of IgM as the most important constituent; ‘this, fraction ‘and 
its’ elution peak are generally designated rgS. Separation of IgM: from the,other two 
components of: fraction rgS is the subject of the present paper. ::, 

‘Comparison of the elution peaks of IgMo alone .(immunodiffusion ,plate assays)- 
and of the whole,fractidn,xgS with respect to their positions on the axis of abscissae has 
revealed that ,IgM advances faster in the conventional gelchromatography thaneither 
or~atleastone~ofthe~other~t%vo:proteinS. However,,the difference is sorsmallthat .the 
three .componeiits overlap throughout’ the~~elution; peak i xgS t (immunoelectrophorbtic 
analysis)‘.:cAs they also’differ in ‘electrophoretic mobility;vtie exposed’the’isolated. .fraci 
tion x@S-t&the combined: effect ,of; gel;chromatography..andj electrophoresis;‘.Column 
electrochromatography ha9: been, described: ,before Q-rQ;'bit: isolation' df :IgM:,:by‘,& 

method: has ticit previously been :attempted; As +lie: electrochromatographic column 
cousfructed~for?this purposeisrathei different 1% desigu from those hithertd’proposed; 
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is a layer of agar gel. Part B fits into a three-necked soo-ml Aask (part C) . One of the side 
necks is fitted with a rubber stopper through which a platinum wire .(cathode). is insert? 
ed. The other side neck is an outlet for hydrogen evolved on the electrode. .The flask 
is filled with dilute hydrochloric acid to trap the hydroxyl ions generated, by electro- 

$ ,I:‘,+ 
lysis (sodium ions pass to the cathode from the column). The lower end of part &should 

tX%l!. reach deep below the level in the flask so that the bubbles evolved on the cathode can- 
not gather under t,he sint,ered .partition. .:. ! ‘,,’ : .I ,: :. ; ‘,? ,, ., ,:. I’ 
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Fraction IgS’,~~s(~bt~i~~,~‘~roni hum,an serum by,the standard tecl&ir&‘of ~gell 
&rom&o~aphyl on'~!S~phadex..'G-io;o.. It. &&.&&&~r&$$: ~a:.~t:,l;ea~~:'a'~hal~'~i'~,its. 

volume and,dialysed against the buffer chosen for the ele’ctrochromatographic separa- 
tion, z)iz.,, o.or‘M’Tris-IICl-0.1 M NaCl, pW 8.4; or o.og M ‘Na,B,Oi, adjusted to 
PEE 8.4 with hydrochloric ‘acid* ’ I .’ 
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Procedure 
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Part C is filled to about three$q.rter,s~ of :its.;,~olu~,~_w~~h, p;~ lV hydrochloric, 

acid. Part B is inserted into part C’and the -hydr~~~~o~i~~~~~,~:;~~ .forced,* by: a.pressure 
difference to a level above the sinteredlL$&+ui: :,I~,,i~,~,~~~~~a~~,~t~~t~~!~~ ,&&k&,ii;’ 
in the partition (ohmic resistan&),; ;‘Th&~~l&it~~f,l hL~o:~i;i;jric~~,‘~~ici- is:,,,lo~~~~~,,to 
about 2 mm above the pa~ition 8~d.:a,;,,~~~t:30jo~~o~~~~d~,!,04,,’~~~, ,in’,~~~clid~~.i.~,ioii~~~ 

(Tris or borate) is poured in to, a level :u”nd&he ~!~~lt;be,~~~,s,~~~: B.(jo~~~,~~~~~~,‘_C!, i$’ .,,, ,;, ,..::, ‘G 
now tilted with the side tube upwards,,sothatmori igar:o,an b~,~~~~~‘a~~~~~~~~~~,~k~ng, .:, _;,.., :..\,;; ” ,. I,, 
the side .tube ‘(to reduce the ‘volumi$~fti;abqye the g~l)‘.:~~a;~the,agar,~ii,all~w,ecl_to form 
a’ gel. The same agar solution is p?~~~~.,?n~~~,~~~::~~~~~~~~~,~~i~~~~~~jlcE~’~~~ij,~~t’..~~,~_~~~, 
level should reach about I cm ab~~eztlie’inng~~~~~~~~~,~~l.e~. .,mie~~~‘~~~~‘~~~r.:itlie’.,~el,i:~~ ‘,,’ ..:::,,; ,~.:.J,,~,-* ,.;,,, ,:,, / ,I I’-,, ‘I,,:, ,(I~,_ /..,~ .‘,, 
part B and ‘its side tube are filled:~~~t~~it~~:!~~~~~,,,~~d;:~~,e;sto~l~~~,~~~~~~~~~osed;.iT~e: 
volume of buffer. over the gel can ~,~~~~~,au,cedifu~~~er~~tki,~~kie’~~~d”~f:glas.s~b~,~~~?iP~~ ‘2 ,Y”. ,.,:.- ,.,,, !‘.,. ‘:“:.y ;: ::;,:. \.,! ,:,.‘::,:‘~,“,“‘.” i’.;;, 
A is n&v joined with part B; no ai~,,sh~~lci:~~~a~~,~.i~~~~~~~intered:bot~~~~o~~,~~~,;~~~,~, ” ! ;_, . . ‘+.;‘:;I .;; .:.:_;z :, I,,‘.’ y::,& ..I :, .y.,:, ,;a; ::,*‘:,.;“,:.!j ,,: 
under it. The column is packed wifli.‘S~~~~~~~,Cl~~~~,~~~wollen~~~~~~~~~~u~e~,!,:t~?~~~!~~~,~~~ 
near to the end ofthe cooling jack~~~~'~~~~~~~~~~~~~~~~~,~~~~~~~~~~~~,~h~~~~:~~~,~~~~~e~~~~~ “.+1 ‘,;‘r.“\:;!:;:::;::.:.,,, ‘$3: ; <,), _;:‘:‘: .f?‘.‘yr ‘<“:;‘,:“*,:‘. 
with a suitable porous material, e.~;~~~‘~~~~~lrief;.‘..A~o;ut 8’ml~of.the$concentrated~~frac~ L ‘7.;;. ,...c ‘;,;;‘~:,_;:‘\:,~r” y;.., ‘( .,,l i’: f ,:.$‘!:, ~ ,,., %,.“b .“‘;J.,!!;‘,,.,, !:r,,‘; I( ,& q.:, “v,:“‘;,“~, ,.‘x,‘; 
tion IgS is applied to the column. After~~he~s~pl4:h.~‘entered:~~he‘:Sephadex~,~~~~~the . :?, ,, 1 ;: :.;1 ‘,‘;,),;. 3, ., ’ “, . . I.-. !.:.q::,, :>‘,:7..‘. “i, \:,,,..‘,r.,:: !, .?,. +. :‘!i::..,,::‘:,;;;: ‘;!::;‘_..‘,‘f, 
buffer is added to such a level that #‘contactsthe agar..gelthroughthe~rmglet. of&&%‘~~ ..:.:,,‘%.‘.:, .‘,\L.. ‘%:‘,” .‘, ,,) :: ..,. 

poured 
,,.. _‘, ,.-d,,- ,,,. 8.; ,:.,. ,,,, j ,,?.‘1 *:.,j .‘_.., Cl. %i_ 

A: portion !of, this, buffer is 
., 1 W’. )’ . > ,,.. +q>., ,; ,,, 

onto, the, agar gel: m .the bowl. and, the column, 1s 

closed with a rubber stopper ,through:,which ‘are inserted ‘two’syringe. needles;’ One 
needle’is the inlet of buffer from a Mariotte flask and the other is attached to a 
piece of tubing on which is a clamp. With the aid of this tubing the buffer is introduced 
into the column from the Mariotte flask (a separatory funnel is useful for this purpose) 
by suction atL the start of an .experiment. Thesuction:should:be moderate:so .as not to 

” tear oi3 ithe agar. gel in part3 from the, sintered,glass. As soon1 as #the : buffer. starts 
flowingintothe column theopen: piece .of: tubing iscompressed .tightly with the clamp 
andithe stop-cock:onpartI$ isopened. A,,suitab@ow+rate;-8112 ml/h;is’adjusted by 

‘: 1: 

fiiiding~the~ appropriate: elevation of the ,,Mariotte, flask; The upper (+) and, the lo,wer 
(-,),$l&inum :electrodes areconnected;to;a potential.differerice. of!about4oo:.V; The 

.’ I .’ ,. buffer in the;bowl;of:.part :A iscontiuuously’exchangedwith~.a:pump; andtthe, lower 
,’ 
;,, ~$nd:of<partAiand the upper. end ofipart B:are:,oooled.~witha.wrap, of,wet cotton-wool. 

.‘,’ _. 

.,‘. ,,,‘, ‘.: .’ I,‘/ ., b ‘., .;, J;: Ckvomatogv.; .7,x (1972) ;.&jg+463j_ ., ,, 
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The .;elect&horeSis, shquld ,accompany the, gel chromatography for about 5 h (part 
B.$nust.be ,quite ,cool before. IgM. enters ‘it). The first 60 ml of the eluate can be dis- 
cGded;~:then :2&l portions are collected and ‘investigated spectrophotometrically for 
the&$&iick ‘of..&oteiii. The comnosition of ,the subfractions is examined by immuno- 
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IgM does n,ot coincide with the top of the first peak (fraction rgS) ; it occurs at about 
three-quarters of the ascending part of the curve. This fact is a guide in considering 
which part ,of the rgS peak should be pooled, as the starting material for the electro- 
chromatographic isolation of IgM. The optimum pH for electrochromatography ap- 

/@I’:: peared to be 8.4, but a range of 8.2-8.8 seemed possible. 
A drawback of the method is the low yield of pure IgM. However, the results 

IE+“’ suggest that with a stronger source of electric field the method might prove rewarding. 
Another expedient, although not very effective in the present case, is to extend the 
possible time of electrophoresis by reducing the flow-rate or discontinuing the gel 
chromatography fir a period. The yield would further be raised by repeating the pro- 
cess with the eluate from the first electrochromatographic run, selecting the subfrac- 
tions rich in IgM but contaminated with az-macroglobulin. 

Compared with the two electrochromatographic columns recently proposedflJa, 
the device described in this paper seems to be simpler in construction since no buffer 
reservoirs are attached to the column. A rather weak point, however, is part B, which 
allows little reserve for increasing the voltage applied. With a more efficient cooling 
of this part the separating power of the column would increase. 
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