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ABSTRACT-

1

An attempt was made to develop at convenient large scale

procedure for the isolation of IgM from normal human serum.

Three procedures were tested.
‘o

Precipitation with dextran_
sulfate ammonium sulfate and polyethylene glycol«BOOO followed by

chromatography an DEAE-cellulose columns was used in each procedure
Further purification of IgM was obtained either by gel filtration,

..
or by further precipitation with 4/‘PEG 6000, or by a combination
qf-precipitation with 5% .PEG and gel filtration.

The- recovery of IgM in the final preparations varied

from: 18 1/ to 23 5/ to 23 3/ for the three procedures used

-

l

Calculations indicated that the IgM content in the final preparations
B ’ :

~ was 82% (A) 75% (B) and 95.2% (C)‘of the total protein content

However, the ultracentrifugation and immunoelectrophoretic patterns

L 2d

showed, no major differhnces‘between preparations B and C. ,

N .
In conclusion, a relatively simple large scale procedure

‘

for purification of IgM'was developed resulting in a preparation
~with 20—25% yield and 95% purity

£
. .

o iv
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INTRODUCTION

o pectively) (74), but minor

1. Gemeral aspeets S ' .

The prinpipal immunoglobulins in normal human serum are IgG
" Igh and IgM at'toncentrations of 600 --1800 mg (70 - 210 1.U. ),,60 -
- 450 mg (38 - 272 I U. ) and 66\— 220 mg (68 - 250 I.U.) per 100 ml res—. ;-
fpectively (3). Lesser amounts of IgD 3 mg/lOO ml) (77) and IgE

(0 1 mg/lOO ml) (41) .are also found and together the 1mmunoglobu11ns ;nd

The feature which dist guishes IgM from the othet immuno— o

globulins is 1t “hig molecular weight On ultracentrifugation, IgM

preparations ‘are sually heterogeneous with the major component having

3

a sedimenta.ion efficient of 19 §. corrésponding to a molecular weight

’,f

’ i
(M W. ) of 900, 000 - 1 000 000 (74) but compbnents with higher sedi—

mentation rates are usually presentxﬂs well*{éB 79) These heavy

07’,‘/1 Y ,1’/ p

, components‘are thought; - gregation or polymerizatlon of

z

‘tg is encountered in IgA preparations
e,

o S
The main component_o pur1f1ed~ \ preparations has’ the same molecular
. ,\,., RSN E .
2, S

-weight and sed}Eentation coe icient as IgG (160 000 and 6.6 ~ 7 S res-

unts of 10 5 $;,°13 S and 15:S spec1es of,-

1

IgA having‘;mlecular weights up to 500 000 are also seen on ultra- ' f.v:
.fcentrifugation (15 35). - o S vi' ; : [
“The - isoelectric points of IgM molecules vary betwéf—\pH 5 5

and pH 7 4, so that on immunoelectrophoresis ‘at . pH 8 6, IgM is seen

, 'throughout the Y—globulin region, extending into the B—globulin region



{_

ds well.. Similar electrophoretic mobilities are observed for lgA (pl\ ./'
2 .

R 4 8 - 6. 5) and IgG (pI: 6.2 - 8. 5) “Most of the IgA anch isr ﬁund——-%—
in the slow B region and mid—Y region, respectively, while most of the
IgM is found in the fast vy region (56 74) . . |

‘ Structurally, IgM is considered to be.a pentamer of suhunits

.linked together by disulfide bonds (59) EaEh subunit, consisting of:
two light chains and two heavy chains,‘resembles the IgG molecule, bqt
the subunits of IgM have been found to have a higher molecular weight ’
(59). The carbohyﬂrate “content of IgM (10 r 127) is also much higher ;;‘; A
‘than that of IgG (2 - 3/) (15) Most of the carbohydrate is associated |

“with the heavy chains, IgG contains only oné glycopeptide per heavy |

o /chain (y chain), while IgM contéins 4 to 6. glycopeptides per heavy

" chain (u chain) (12 82). J |

' Biologically, IgM is characterized by its early appearance

in the immune response, providing a potential early diagnostiq todl in

vthe detection of certain diseases (e. g’ Rubella (5) ) '

B Human immunoglobulin M is difficult to isolate from normal
human serum because of its'heterogeneous character and becaus& .so little

.1

:is present.. Therefore, pathological sera (Waldenstrom sera) are often

o

used as a source of IgM The large amounts of paraprotein present in
'gthese sera favor its isolat{on and moreover-'a dec ease in the concene C
trations of other immunoglobulins, both absolute'ZQd relative, is often
' found as well, so that the amounts of other globulins from which IgM
fﬁmust beﬁbeparated are reduced (21 56). | A |
| Waldenstrom proteins are considered to- arise”from a massive

{production of ‘one of the many diffegent IgM species present in normal



‘e

. >
“

o . . L

_serum (57).. . In contrast with Igﬁﬂhgrified from normal serum,»Wdldenstrom

] /
proteins are characteristically homogeneous, except for their sedimen-

s
- PR

tation coefficients where higher values than 19 Ewﬁre also found, indi—
cating that aggregation of Waldenstrom proteins also oceurs (19). On

electrophoresis.they are found as ‘a narrow peak,in the v or_Bnregion,

o

“rather than extending as a broad zone over the whole'y—B-region (13, '72).

s

The antigenic specificity acsociated with pathological immuno— .

S o
globulins seems to be directed against specifid antigens, in contrast
, N«
, with the wide range of antigenic specificities found in normal immuno-
- ,

globulinM(S?) Y e o

Although studies on pathological IgM provide useful i ormation
“on the structure andifunctional characteristfcs of IgM, ultimate answers
must ‘come from studigL\on puré normal IgM; since extrapolation of data
arising_from studies on pathologicalfor atypical macroglobulins-alwaysw:.é‘
involves:some,rish of'miéinterpretation‘(58),<; A - ;. ., . .
. Q oo , A [ : C
‘A II.t Purzficatzon of IgM A -' o r.». B .I

| IgM is codhonly isolated by following.an initial selectire '

precipitation with other ‘fractionation methods based primarily on

2]
‘ e

o

_-nnlecnlar size and/or change.

Precipitation techniques, although lacking the specificity

v
"

.

necessary to give clear—cut fractionations, are. used primarily as a

preparative step’ to reduce ‘the’ sample voiume and the amount of ‘proteins

\ T v ]

other than IgM which must be‘processed before other'more'specific

L3 . : . .
-

fractionation methods are %pplied., Several precipitation techniques -
. ‘ ’

_can be hsed the two most'"classical" methods being precipitation by



) - L
o

N ' N M . 4
removal of+ electrolytes and precipitation by neutral salts. An additional.

k4
technique which has been introduced recently and- which seems . to givg a
1 ’ .

—more— selective separation of_proteins_involves precipitation withiwater;i____

y
3y

soluble, non-ionizable polymers:h- .Z '.;¥<n
g More specific fractionation méthods which are based on charge
include zone.electrophoresis and ion—exchange chrpmatography Separation
‘on the basis of size can- be affected by either gel,filtration or ultra—
‘centrifugation. However, ultracentrifugation and electrophoresis are ';
usually more useful for micrOscale preparation and‘can represent rather’
complicated techniques when applied on a macroscalevas preparative pro-‘
‘cedures. An'additionalAchromatographic technique;'involving;chromato—
graphy on: insolubilized concanawalin A columms, which separates proteins

9 j ,

_on the basis of their carbohydrate content has also been developed in

‘ L.

' recent‘years.*

AL :Pz’”ecipiitdfi"o'h‘ técfm{ques' |
B ;i. Preczprtatzon by removal of eZectroZytes ,
‘
C . Early classifications based partly on solubility properties,'
divided serum proteins into albumin and globalin fractions. The globulin
fraction could be subdivided following di ysis against low ionic strength
buffers or distilled water since this procedure gave rise to two sub— f{:.iA
fractions,‘one containing precipitated globulins refgrred to as euglobulinS'i
and another containing soluble globulins, called pseudoglobulins (16)

- The main components of the euglobulin precipitate were found

to be B-lipoproteins” ceruloplasmin macroglobulins (especially IgM) and if

s

-

some IgG and haptoglobin ‘_(81), However,‘when serum was dialized against

» | - Iy

~



low ionic'strength.buffers instead of distilled«water,_the composition .
‘of the euglobulin precipitate was found to depend on the acidity and
w—————the~ionic strength of the buffers employed (78) _“The—reasons-for-this****%*

" are as follows c

. . ,‘;(J‘._ .
(i) a particular p}otein in solution is least soluble at or near. its

isoelectric point (pI),~so that in a solution containing a

\
).

mixture of proteins, those with pI £] closest to the pH of thel
solvent will be preferentially precipitated (16)
(11) when euglobulins are suspended in buffers of relatively high.
,ionic strength they dissolve readily. When, at a given pH the
ionic strength of the solution is gradually decreased each
:species of protein will begin to precipitate when the ionicv
strength drops below that 1evel required to maintain that par—l
.ticular protein in solution (16) For 1nstance, when normal
human serum is dialyzed against 0 002 M phosphate buffer, pH 6. 0
.the precipitate consisting mainly of B—lipoproteins and macro-. .
fn.globulins (including IgM) ‘can be obtained (7)r_; |
.lt@,. Euglobulin precipitation has been found to“be particularly
useful in the purification of many pathological Species of immuno—
.globulin M Waldenstrom macroglobulins usually show a pronounced‘
,;leuglobulin character and precipitate readily when dialyzed against :
'-distilled water or dilute buffers (73) However, Waldenstrom IgM'
bwith no. euglobulin'character have also been observed and other prepar— fﬁ
‘ﬁative techniques are required for their purification (13 29 42 64,

r

_87) Euglobulin precipitation haé-also been applied to the isolation ’

- of normal human IgM (7 75 90) ‘but it has been reported that some. of



,.lv

the normal IgM molecules behaved as - though they were pseudoglobulins so

that complete precipitation of the IgM fraction could not be achieved

.'\)\\

(90)-.-
-» 2. Frdctionai pr;cipitdtion by neutral salts
‘ - ﬁilute solutions of~neutra1 salts often increase the‘solubility
lof proteins._ This phenomenon :called salting-in , 1is a consequence-of
‘the interaction of the ions from the salt with the ionizable groups of.
the protein (65) At higher salt concentrations, however, salt ions o
pattract the more polarizable water molecules of" the medium, thus inter-
fering with interactions between water molecules and. charged polar '
groups..on the* proteins with the result that precipitation ("salting—out")
fof the proteins will occur (65)

‘ Several neutral salts (phosphates‘-sulfates,‘citrates and
:'chlorides) have been used for protein fractionation, but ammonium
.isulfate and sodium sulfate are most commonly used at the‘presenf\time.

'Although ammonium sulfate is theoretically 1ess effective for this .
purpose than sodium sulfate its higher water squbility, which varies
| less with temperature than does the solubility of sodium sulfate, makes
‘ it a _more readily controllable and therefore more. useful precipitating

‘agent (16) o | f.f v.: B : i{j.v"“ ._“;; fl_ x
Ammonium sulfate has been used to. separate plasma proteins :

into various fractions, including fibrinogen which is precipitable at
.V

~at 28 - 337 saturation, and pseudoglobulins, which precipitate between

33 and SOZ saturation with the salt (16) Albumin and some a-globulins‘

20 - 257 saturation with ammonium sulfate, euglobulins, which precipitate:"



are found in the supernatant after precipitation at. 507 saturation (80)-.

It is worthwhile mentioning that the euglobulin and pseudoglobulin

‘fractions obtained by ammonium sulfate precipitation differ in compos—
'ition from those obtained by dialysis of serum against distilled water.
The "euglahplin" fraction obtained by ammonium sulfate precipitation
contains many globulins which are solhble in distilled water, while

~ about 20% of the pseudoglobulin" fraction consists of distilled water

¢
“

'insoluble globulins (16) o .»

| Except‘for single,unique Y-globulin preparation, attempts
to uSe ammonium sulfate to fractionate the globulins into specific

' high‘purity preparations have been.unsuccessful (81).~ Neyertheless?
' precipitation with ammonium sulfate has’ been used.often as alpreliminaryi f
step'in the purification of normalxlgM-because of the case and utility‘
with which the technique can be applied. vAlthough also applicable to
thathological sera, it usually replaces the euglobulinlprecipitation

. technique only when the pathological IgM is fOund to have no euglobulin '
4; character (33, 42, 64) . ' ' ’, o ”.""' Co Jm;;;

The conceﬁtration of ammonium sulfate required to. precipitate

IgM from a protein solution seems to ‘be variable. This is especially

2 -

D “true for the macroglobulinemic Ings which have been found to differ

markedly in their solubility properties (33 54 55 73) Different o
normal sera may also-require different concentrations of ammonium
'sulfate for complete precipitation of IgM zance at pH 7.0, concen~

trations varying from 1 2 M ( 284 saturation) to 2. 05 M ( SOA saturation)

A .
, ammonium sulfate ‘have been found to be necessary by differenbnauthors

-

.(63 79 80)



3. Fractionation by water soluble non-ionizable linear polymérs

Polyvinyl alcohol. (PVA), polyvinylpyrrolidone (PVP), nonyl- "

»—~—4phenol-ethoxylateé{NPE)y—polyethylene;glycol—(PEG)—and—dextrans~have————‘
. co ; - : Ty

been shown to,act as protein\precipitants with fractionating properties.

Dextrans and particularly PEG appear to be most suitable for this purpose

-

since they lack the high intrinsic vfscosity and the denaturing properties

of the other polymeric precipit;mts. Moreover, PEG with a molecular

weight'of'6000 (PEG-6000)'may be the polymer of choice, since it lacks

the viscosity of higher molecular weight PEG polymers and is a more

selective precipitant than the lowen\molecular weight PEG derivatives (67)
'The-mechanism underlying the precipitating properties of these

polymers is considered hy most investigators to he different from neutral.

salt precipitation mechanisms (43, 48, 67 68). 'The observation that

low concentrations oﬁ-high molecular w ght\polymers were as effective

.as.high concentrations of low molecular weight polymers.in,precipitating

,proteins, lead Polson et.qZ. (67)'to~conclude that-these.effects could

nOt be explainedwby avdehydration-model. In fad\, if ‘the mechanism’

~,Was basedton dehydration; equal weights of low molecular weight polymers

! should have been more effective as a result oﬁ the. igher osmotic

pressure obtained (67) . Laurent (48) suggested that erhaps the polymer

_might sterically exclude proteins from_interacting with the solvent.

This'"exclusion" theory has been Supported'by the observation that an

“jincrease"in the molecular;weight of the polymer.does.not result in-an.
bincreased efficienéy of precipitation once a certain optimum mole
weight has beem reached (45; 67) . Forlenample,fBEG og;molecul r weight

'.6600_(PEG46000)'is just as'effective‘a'precipitant as PEG of molecular

" weight 20,000. S R -



. According to Laurent (48), the concentration of\a polymer

_required to precipitate a protein will depend only on the size of: the
\

protein. Although itrhas been found that large proteins generally

are precipitated at lower polymer concentrations (4q,,43), fractionation
~of plasma'proteins does not striétly follow.this"rule.‘ For enample;
with.PEG—6bOQ at pd 8.0, IgG (MW: 160,000) precipitates at the same‘
PEC'concentration as az—macroglobulin'(Mw~' 820,000) (8). It'may be,
concluded, therefore, that as in other fractionation methods the charge
on.the proteinpnolecule plays some role in determining its soiubility
characteristics. In othe{ words, the concentration of polymer required.
‘to precipitate a particular protein is still dependent on the pH of the
solution and the pI of the protein, even though the mechanism for i
“inducing precipitation may be different from that involved in salting- .
out" techniques. Polson-et al, (67) have reported that at pH 7. 0

serum proteins were precipitated by'PEG-6000 in'order of;increasing
electrophoretic mobility but that-atvaA4t6.the order'of'precipitation .
was reversed.: As well, Polson et ai. (d?)'and'others (40; 43, 67)‘have
suggested that"the“efficiency‘and'resolution of the PEG-6000 fractidn—j
ation procedure was enhanced atlelevated‘temperatures and lower initial.
proteinfconcentration. Polson et aql. (67 also suggested that variations

4in ionic strength had 1little influence on protein'fractionation by this

method but Chun et aZ (11) have disagreed ‘with that conclusion.

Since the introduction of- PEG—GOO as a protein fractionating
agent. (67), it has become widely used for this pd}pose. Gamma globulins )
(67), fibrinogen (67) and albumin (43 67) have been isolated by PEG

precipitation in combination with ammonium sulfate'precipitation. In



general the yields and purity have been superior to. those ‘resulting

from‘gther fractionation methods. Chun et al. (11) attempted to iso-

late IgG from commercially prepared immunoglobulins and from whole
human serum by sequential precipitation at differént PEGSponcentratiqns.
The end product was reported to be quite homogeneous but some contam—

ination with IX and IgA could not be eliminated. Chesebro and Svehag

(8) found that IgM“could be precipitated complebely from serum by 7/

PEG-6000 at pH 8. 0 concentration;khgmever, other proteins

including az— and g-lipoproteins and some of the az—macroglobulin,J.

.,

IgA and IgG were also pre ted. Nevertheless, this approach

o
o

provides a convenient and useful.way of- concentrating IgM prior to?

the application'of subsequent, more selective fractionation procedures

’

(8, 9).

e ——

@

B. Chromatography
1.;'Gé'z filtration = _ | o - _ o

Chromatography'on gels of cross-linked dextran, agarose or

acrylamide can be used to separate substances with different molecular :

vdimensions. The separation mechanism can be explained as follows:
(i);' The separating gel column has a mobile phase‘and a stationary
"phase, the 1atter consisting of gel beads formed through cross-
linking of a monomer., When suspended in solvent these beads swell
and solvent enters the interior of‘the”beads. The volume of
"solvent within‘these‘bEads is referred to as the.inner volume -
(Vi). The mobile phase‘is formed by the solvent outside of the

beads and 1s called the void volume_(Vo)_(27, 88).

)
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When a solution is applied to a column of sepafating gel the

Whether

solute molecules_distribute freely in the void volume.

or not the solute molecules penetrate into the beads and to

what ‘extent they do so depends on the size of the pores 1eading

.to the interior of the gel beads in relation to the size of the

<

Highly cross linked gels have small
?l .

solute molecules (88)

=‘pores and allow only small molecules to penetrate while the-

D)

’ into the interior of the beads pass unhindered

interiors of less extensively cross—linked gels are accessible
?

- *‘ 2

[

'to larger molecules (70) :

For a particular type of gel. molecukes too large to diffuse

through the columm

and have an elution volume (Ve3 equal to the void volume (49).

‘l‘ t »

l Ve is defined as’ the volume of 1iquid passing thr&ﬁgh the gel

| from the moment of application of the

© and then Ve is therefore close to Vo + Vi.

substance to the moment

/

{

of its; ergencé from the column in maximum concentration (86) .

N
-Fot small«moleoules entering all regions of the separating gel
1)

displacement of the entire volume of the gel bead (Vt) is required

Between these two

. extremes (Vo and Vt) lies the fractionation range of the gel.

. size.

(I
'Holecules ‘of . intermediate size will have access to "the gel phase

in a proportion wh1ch is inversely related to their molecular

Each, type of molecule is characterized by its distribution

&

.‘coefficient (Kd) which is that portion of the Vi to which the

molecules in questiop have access (27 49) .-The volume of the

‘golvent occupied by a substance is thus Kd vi + Vo. Since'the

distribution volume of a substance is equal to its elution volume,."
: e

i
b
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it can be said that its Ve = Vo + Kd vi (27 49).

porath ‘and_Flodin (69) 1 used highly cross—linked dextran gels

for desalting of,proteins Subsequently, leds extepsibely cross—linked

. I B
dextran gels (Sephadex) have been developed which allowed fractionation

of protéins of higher molecular weight. )

Sephadex G-200 with the 1owest degree of ‘cross-linkage in
this.series and with a fractionation ragge of 5, 000 to 800, 000 (26) \
~appears appropriate for fractionation of plasma or serum proteins.
Flodin and Killander (28) showed. that when serum 1is chromatographed
.on Sephadex G—200 the proteins are eluted in three peaks. The first
peak contained macroglobulins (az—macroglobulin, a~- and B—lipoproteins N
and IgM),'the second peak contained mainly 7 S Y—globulins along with
a- and B-globulins and the “third peak consisted mainly of albumin (28).
Other: investigators found similar elution patterns (25 31 47, 93),
although some have reported that haptoglobin was also eluted in the E
‘.first peak (25 93) Fibrinogen was found in the macroglobulin peak -
when plasma was‘fractionated on Sephadex G—200 (31, 47) .

" Studies on the elution behavior of antibodies revealed that

af

'19 S vy- globulins (IgM) and 7 S Y- globulins (IgG) were-eluted in the
'1first and second’peaks respectively, thus providing a useful means of
separating IgM and IgG (39 45, 46 76) Most of- the IgA, which has .4
a molecular weight intermediate between that of IgM and IgG was. eluted
in the trough between the first and the second peak. It was found
partly in the: descending portion of the first peak and partly in the

ascending portion ‘of the second peak implying that complete separation

of IgA from IgM or IgG was impossible by chromatography on Sephadex G-200

|



13

" (24, 25, 39, 45 46 76)

Cross-linked polyacrylamide gel (Biogel P series) “have
fractionation ranges similar to those of the Sephadex type which have
- a corresponding water regain (26) and they also show a similar distri— s
, bution of serum proﬁeins on chromatography (36 38). Although most of
the serum proteins fall within the fractionation ranges of polyacryl— .
”amide and dextran gels, IgM and other macroglobulins are eluted with
the void volume and cannot be separated |

Agarose gels,'first introduced in beaded form by Hjerten
g(37l;and Bengtsson and Philipson (4) arée now available-under:the
designations Sepharose and‘Biogel A.- lhey complement the. use of
dextran“or polyacrylamide gels for serum protein fractionation since .
the molecular weights of serum macroglobulins fall within the fraction—
'ation ranges of the agarose gels (50, 000 up ‘to several millions) (26)
>Killander et al. (47) subjected the macroglobulin peak’ (first peaE}\
Sephadex G—200 fractionated normal human plasma to chromatography on
an agarose gel equiyalent to thd:e currently designated as Sepharose
4B or Biogel A 1 5. The first half of the IgM—containing fractions.
were free of cz—macroglobulin and a1—1ipoproteins (high density lipo— o
proteins) (47).. When longer columns or recycling - chromatography (71).
was used IgM was. almost completely separated from az—macroglobulin-
hand mo contamination by fibrinogen 47, haptoglobin (10) or IgA (10)
iwas detected."ﬂowever, az. and 8-lipoproteins (1ow density lipoproteins)
were still found throughout the whole IgM(peak (47) and had to he

removed bynother methods'(lo, 47).

]



14

2. - Ion exchange chromatoqraphy . | . .

‘(

Chromatography on ion-exchange cellulose was introduced by
Peterson and Sober (66) in 1956. Ion—exchangers prepared by substi—

tution of thé hydroxyl groups of cellulose with various derivatives

form the basis Qor this approach to protein purification. In parti- ' ;J

cular, the cation—exchanger carboxymethyl cellulose (CM—cellulose)‘and

the anion—exchanger diethylaminoethyl cellulose (DEAE—cellulose) have

v

. beén applied widely in’ the fractionation of serum proteins (17 66, 83,

84 89) A greater emphasis has been placed on the use of DEAE-cellulose
since it has a relatively high capacity for adsorbing proteins and
1arger amounts of serum can - be fractionated on columns which are of a
convenient size (22) o . . |

o The binding of proteins to DEAE—cellulose anion—exchangers‘
depends mainly on, electrostatic interactions between" the protein poly—’v
electrolyte and the ionized absorbent. Adsorption of proteins to' -
DEAE-cellulose is enhanced -at low salt concentrations and alkaline pH
and desorption is favored by increasing the salt concentration and/or {;L

decreasing the pH. Decreasing the pH results in reduction of the

number of negative charges on the proteins, while increasing the salt

' concentration promotes dissociation of the electrostatic linkages

o between the proteins and the adsorbent (84) : Elution of adsorbed

proteins can be achieved therefore, by appropriate step—wise changes

' in the composition of the eluting buffer, or by buffer gradients.

.v."

Although step-wise elution is useful in a practical sense as a first ";f

step in large scale protein purification procedures, the resolution

. obtained is. inferior to that which is achieved by gradient elution (66)
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Analysis of the chromatogram of serum proteins, obtained with y

"-, cally homogeneous (17 66 89) Consequently, with the exception of

concave gradients of increasing molarity and decreasing pH revealed
';_that serum proteinslwere generally eluted from DEAE—cellulose in order -
of increasing electrophoretic mobility (84 89)." The fractions eluted
.after the main albumin peak are anomalous, however, in, that they contain yﬂ
iptoteins representing every electrophoretic region (17 84) This may
: be explained y the. fact that the total number of charged groups on a. ‘
protein molecK&e determines the: extent of the electrostatic inter— ’
' action between the protein molecule and’ the adsorbent. A 1arge protein o
lwith a low charge density but a greater total number of charges may
,vbind more tightly to an anion-exchanger than a small protein with a
”high charge density and therefore be eluted later from the column as'a

‘consequence (85) For example, it has been found that most of the IgM

g in human serum is eluted from DEAE—cellulose columns after the main ?,

serum albumin peak (lB)
Electrophoretic characterization of fractions obtained by o
‘ﬁY-DEAE-cellulose column chgomatography of human serum, showed that with

'one exception (IgG peak) none of the protein peaks were electrophoreti-'

"IgG, ‘none of the serum proteins can be obtained in a pure state by ;'f“

‘ chromatography on DEAE—cellulose.

Analysis of the elution positions and the compositions of

d.

'_the major immunoglobulin peaks has shown that IgM is eluted from the

"column last but that it is not completely separated from other immuno—’e"

l"pglobulins and serum proteins by chromatography on DEAE-cellulose. Most o

"f'of the IgA—containing peak is eluted before the IgM peak but over-f.



lapping of the two peaks'occurs. As‘well lgM—containing'fractions:"

could precipitate several human serum proteins.p Later studies with

both crude jack bean extracts and Con. A showed that these serum- e

are contamlnated with IgG and, in fact, small amounts of IgG are found .

throughout the whole serum chromatogram (18 89) In addition to IgA

and IgG, other serum proteins, such as albumin (81), az—macroglobulin-

' (22) haptoglobin (7), ceruioplasmin (81) and B lipoproteins (7) are K

s

PR

T

eluted in conjunction with the main IgM peak

4 Despite this contamination however, chromatography on DEAE—=

'cellulose 1s a useful step in the isolation of IgM since it can be o

'J-be subjected to further fractionation procedures (f?>20 30)
. 4 SR |

A v

3. Fractzonatzon of protezns wzth znsoZumezzed concanavalzn 4

Concanavalin A (Con A), a globulin obtained from jack bean

_*(CanavaZza ensszrmms), was first isolated by Summer (86B) in ;1i

.1919 and later identified as ‘a. hemagglutinin. It forms precipitates

3

b'fpwith various polysaccharides which have in common branched chains :“

f or B-D-fructofuranose) (1) The Con A - polysaccharide interaction

Y

. D-fructose, D-mannose and sucrose (1)

W Nakamura et aZ (61) reported that extracts of jack bean .
4N

'.proteins were az—macroglobulin, IgM B lipoprotein, ceruloplasmin,

'haptoglobin, IgA dl—antitrypsin, transferrin and Bz—glycoprotein (34

::'50) Only small amounts of normal IgG (0 - 57) formed complexes with

:iused conveniently to obtain enriched IgM preparations which can then L

‘terminating in non—reducing sugars (a—D—glucopyranose, -D-mannopyranose '

N

E»can be inhibited by low molecular weight carbohydrates such as D—glucose,_f
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" . Con. A, but in myeloma sera up to 50% of the IgG cohld be»precipitated

(50) The myeloma proteins with a B-mobility on immunoelectrophoresis
were preferentially precipitated (34) Since these myeloma proteins

. \ .
had"a higher carbohydrate content than normal IgG (60), it was suggested |

Tthat the carbohydrate component of éhese proteins form precipitating §?.*~
,complexes with Con A (34) This was confirmed later bﬁNQQldstein et ‘Fi"
aZ (32) who demonstrated that Con. A formed precipitates only- with-. |
"glycoproteins which had the appropriate carbohydrate complexes, as
'wdescribed above | | |

Recently, unsolubilized Con A colums, prepared\by coupling
.:Con. A to cyanogen bromide activated agarose, have been introduced (14,23
.,5ll.f When mixtures of polysaccharides or glycoproteins were applied to
ithesebcolumns, the immobilized Con A bound only those substances which
had the carbohydrate structure necessary for complex formation Those -
ubstances could»then be eluted from the column by inhibitors of the
_fCon. A - polysaccharide interaction (1) Insolubilized Con. A adsorbents
v'::have been used in attempts‘to fractionate serum proteins and Aspberg and
-fPorath (2) foUnd that serum proteins could be divided into. non—adsorbed" .-
- - and "adsorbed" fractions The non—adsorbed fraction contained albumin : |
.”hand v— lobulin, while the adsorbed fraction which was eluted from the
~adsorbent with 0 l M methyl-a-D—mannopyranos1de, contained a- and B—.

'globulins together with pre-albumin and IgM The'adsorbed fraction

contained nearly eight times as much carbohydrate as ‘the unadsorbed

\

\»;<~;,' Weinstein (91) attempted to separate IgM and IgG on the basis

-;of differences 4n. their carbohydrate conten{/,«fHe introduced purified
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antibodies directed~§gainst_a-defined haptenic determinant into a Con, 3

A - agarose column.; The unadsorbed fraction was pure IgG,‘while the

‘adsorbed fraction, whichvwas eluted withHO,Z M'm‘thylpa—D—mannopyranose :
contained IgM with:about 5% of the original IgG jg‘a contaminant.v |
Those experiments demonstrated that a separation of glycoproteins

'Linto a group with 1ow carbohydrate content and a group with high
carbohydrate~content-could be readily attained;.vlt was suggestedt-»'

,ipthat fractionation of serum proteins in this ‘manner could be improved

' if the absorbed proteins were eluted with a concentration gradient of

o the inhibitor rather than by a single step elution technique (2)

L)

dExperimental Objectives B “i "». o - -

e :
The 1ncrea51ng imnortance of IgM as a diagnostic reagent

‘suggested that a convenlent method for large scale IgM purification '

' would be’ welcomed It was suggested that bv combining some of the

" .G la551cal purification technlques Wlth recent Drocedures involving :

: i
selective precipitatiOn with non—ion1C'nolymers such as dextrans’

i

and polyethylene glycol, a protocol for efficient large-scale

o'IgM purification might be developed The fOllOWlng report outlines '

’ the experimental approach to. the. problem of IgM—nurificatlon that

. was followed in this laboratory as well as’ the results of that
. ; , - : - : _ g

experimentation;' ' s . : S B

PN

_.Note A discussion of the c11n1cal relevance of IgM as well .as an’ i
outline of proposed uses for. IgM purified- by the procedure describedj‘ ‘
'below is 1nc1uded‘as an Appendix to this the s,



MATERIALS AND METHODS

A Matemals' -
| ) Pooled human sefum was provided by- the Provincial Laboratory |
' of Public Health University of Alberta..yl& |
| All chemicals were, of 5i‘eagent grade and. were obtained from o
commercial suppliers.“ p' r': ' :v' 'C “
Crystalline bovine serum albumin was supplied by Sigma
‘5 Chemical Company, St. Louis Missouri, u. S A Polyethylene glycol
M. W. 6000 (PEG—6000) was purchased from J.T, Baker Chemical Co.,

_ Phillipsburg, New Jersey. All resins used for gel filtration (Sephadex

'5'G—25 Sephadex G—200 Sepharose 4B) came from Pharmacia, Uppsala,

Sweden, while DEAE-cellulose (Cellex D) with an exchange capacity of
0. 87 meq/gram was’ purchased from BioRad Lab., Richmond California.‘

Human Plasma Fraction II (y—globulins) were obtained from

~ .

ICN Ltd., Canada. . jf e

The monospecific rabbit and goat antisera against human IgM
s

‘ IgG IgA az—macroglobulin and ceruloplasmin, used in the qualitative “

;_immunodiffusion assays were obtained from Pentex, Miles Laboratories,v o

;»INC Kankakee, Ill The antisera used in the quantitative single—radial—’
. s . .
immunodiffu51on assays were" horse anti-human serum from Hyland Div

\"Travenol Laboratories, California U, S.A., goat monospecific anti—human

‘IgM, anti—human IgA, anti—human IgG sera from Malloy. and rabbit anti-"

:human-az—macroglobulin serum from Behring, Behringwerke AG Marburg-Lahn.'
vThe standards used in the quantitative assays were also purchased from )
:Behring. oy idr, ,_.'A' o o : : liﬂt'[ d s i'? fl E _ -

v

19
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B. Methods

. P Analy:t_icail__mé,thods \. = . - | L N
) ‘ a . .

;i. Protezn measurements- The protein content of column effluents

' was monitored by measuring the absorbance of each fraction at”280 nm
with a Beckman‘DB-G'spectrophotometer | |
Protein concentrations were also determined.by the method
.'of Lowry et aZ (52) using pure crystalline bovine serum albumin as.
the'reference protein. For the determinatipn of protein concentrations
“in purified IgM preparations, Human Plasma\Fraction II was' used as. the -

,protein standard -fw' :,'.‘-.Hl,-‘ S

v ii:lhbnalitafiue immﬁnodif?ﬁsfoﬁ‘assayst Protein-containing fractlons.
.:obtained at various steps in the IgM purification procedure were
tassayed qualitatively for IgM IgA IgG and in certain instances,
"for az-macroglobulin and ceruloplasmin by the Ouchterlony double‘f
l.“‘diffusioﬁ method - (62): | " .
. The diffusion medium consisted of 0. 9/ Noble agar (Difco B

‘_Lab ) in borate saline (95 parts 0 854 sodium chloride with 5 parts f:;-

'-1 5/ sodium borate), pH 8 0, containing 0. 27 Buffalo black (Allied

, Chemical) as a background stain and 02% sodiumb azide :

The mixture was autoclaved for 15 min _t 120° c, cooled to 60°é and

.poured into plastic Petri dishes to orm a thin flat agar layer. -A

'1itemplate, as described below, ‘was p aced cn 'top.of the solidified agar -
:-1ayer and warm agar was added to form a layer 2 5 um thick When the _

agar had cooled the template was removed leaving a regular hexagonal

'iarray of wells surrounding a central well in the agar..'Two,templates



were used, one giving wells with a diamater of 3 mm and an "inter-well

ldistance of\7 0 mm, and a second which gave well diameters of 2.5 mm

and an inter—well distance of 9. 5 mm. The immunodiffusion.plates wére
o ‘ : . ‘ .
stored at 4°C until used

*Immunodiffusion assays of column fractions and other ‘samples
.were normally carried out by placing 10 ul of the sample in one of the
'peripheral wells and 10 ul of antiserum in ‘the central well . When a
particular sample was- 1ooked at more closely, the sample was placed in
the central well and a variety of antisera were placed in the peripheral
'wells.. The immunodiffusion plates were then placed in’ glass Petri
dishes along with a piece of moistened filter paper. and 1eft for 3 days :
?at 18° . Precipitation lines were detected by v1sual examination using
- oinque lighting. | ~
' o144 Ouantztatzve determznatzon of.Lg s and az-macroglobulzn ’Quan—‘
titative immunodiffusion assays were carried out according to. the - -
single~radia1 d1ffusionlmethod of Mancini et aZ. (53) "In particular,
'ithe concentrations of IgM IgA and IgG were determined in tho starting
fmaterial (pooled human serum) and in samples obtained at various stages
';in the purification procedure;‘ ‘As well, purified IgM preparations weref‘“
'assayed quantitatively for az—macroglobulin, since contamination with
this protein cannot ‘be. detected by ultracentrifugation, its sedimentation

coefficient being about the same value as that of IgM

R IMmuneréetrophbresi8° The homogeneity of IgM preparations at

' different stages in’ the purification sequence was determined by immuno-
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4 , o , )
e\ectrophoresis Immunoelectrophoresis .was carried:out with anti—whole

human‘seru\b anti—human IgM, anti human TgA and anti-human IgG antisera
The purit f\the final IgM preparations was judged by comparing the
immunoelectrophoretic patterns obtained after reaction with anti—whole»

~human serum against that obtained after reaction with anti—human IgM
N ‘ 4 A

serum. o | | o ,:f : f’;;:)
h | ' An LKB*electrophoretic apparatus and power supply were used;
'Microscopebslides nere flooded With IZ‘agar (DifCO»Lab), dissolved in
0. 1 M veronal ‘buffer, pH 8.6. Samples (3 pl) of IgM—containing -
:bsolutions were placed in the antigen wells and separated by electro—
'_phoresis for 60 min at’ 250 v with a current of 55 - 60 mA. Veronal
buffer (0 1 M, pH 8 6) was also used as the conducting buffer. Appro-
priate antisera were- then applied to each trough and the slides placed
'1n a humidified chamber for 20 hours at room temperature The slides
.were rinsed with 0. 9/ saline for 4 hours and stained with 0.6% Amido

‘Schwartz 10B in methanol; acetic acid and distilled.water (45:10:45).

v.: UZtracentrifuédtioﬁ: Ultracentrifugation analysis was carried out
.in a Beckman Model E ultracentrifuge at 60 000 r.p.m. Purified IgM
' preparations were resuspended in 0.1 M phosphate buffer* pH 7. 0, con— |
taining 0.5 M NaCl for this purpose.. Photographs taken at 4 min 1nter—;
' vals from 8 min to 40 min after reaching full speed were used for
determination of the observed sedimentation coefficient. bFor calcu—

| _lations ‘of 820 a partial specific volume of 0. 722 was used (59)

‘2._ Erchange of buffbrs

Between different steps in the procedure it was often
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necessary to change from one bufifer to another. - When large volumes of

protein'solutions"in high ionic strength buffers were involved, exhaus-

ﬂ tive dialysis at 4°cC against 1arge'volumes of the appropriate buffer

.was the method of choice. The dialvzing buffer was’ changed frequently ‘
to.ensure optimum’results Protein.solutions with volumes of less than
20 ml were passed through a 2.5 x 50 cm Sephadzx G-25 column equili—

brated with the desired final buffer.

3. "Cvon‘centraﬁon ‘of ‘prote,in soZutions

| ) Column effluent fractions and other samples having immuno-
globulin concentrations which were too low to be detected by double:
'immunodiffusion or which had to be applied subsequently to’ Sephadex

G-200 or Sepharose 4B columns were concentrated by ultrafiltration

For this purpose ultrafiltration in Amicon cells with UMIO or XM300 .

. membranes was. used ‘ ow S N

" C. Experimentcl procedures o

The experimental'techniques'are described~here in the same

, order as they were used in the purification procedure.- Pooled normal :

'human serum was used as the starting material

1. -."Purf{ficctioﬁ seq_uence A
1”Part I} Precipitafion merhods -

V, i Preczpttatwn mth dextran squate. Dextran sulfate (M Ww. 560 000)

and calcium chloride were added to pooled human serum to final concen~-

trations of. O 5% and 0. 09 M respectively.. ‘The mixture was then centri-
D)
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fuged at 5, 800 x g for 30 min at-4°C in a refrigerated centrifuge
_____A_(Ivan Sorvall RCZ B) +——The- precipitate was-discarded and the‘super=—_—_”‘
natant saved for further?processing. The purpose of this procedure.

u

‘was to remove 1ow denaity lipoproteins»(6).

11, 'Preoipitation mith ammonium'squute- A solution of saturated
ammonium sulfate (GAS) was prepared by adding 550 g ammonium sulfate
~to l 000 ml distilled water., The solution was heated until all of the
ammonium sulfate was dissolved, then filtered while hot and cooled to ‘
"room temperature, The pH_was 'then adjusted to 7,0.with concentrated

. ammonium hvdroxide. | | | .

Equal volumes of SAS'and'supernatant from the dextran sulfate?

f g

precipitated serum were mixed and the resultant precipitate collected
by centrifugation at 5, 800 x g for 30 min at 4° The precipitate was
| redissolved in 0. l M phosphate buffer, pH 7.2, containing 0. 15 M NaCl
| _and reprecipitated ‘twice in the same manner with 50/ SAS The last
»precipitate was redissolved in 0 1M phosphate buffer, pH 6. 0, containingf
0. 15 M NaCl and dialyzed extensively against the ‘same buffer to remove
NS residual ammonium sulfate from the solution. |

111, Preczpztatzon with poZyethyZene gZycoZ—6000 (PEG—6000) In pre-

liminary tests, samples of ser&m were precipitated with different con-
_centrations of PEG-6000 at various pH s. The precipitates obtained
‘were redissolved in 0.05 M phosphate buffer, pH 8 0, and assayed for

various classes of immunoglobulins by the double immunodiffusion tech—:

~lnigue. Proteina\\<?§?ning in the supernatants were precipitated with
. RN . : ) o . y ’
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307 ethanol at.1p°C (67) and the precipitates collected by centri-

fagation—atw- °C—for—SO—minrat—127lOO—x—gT;”These“precipitates/were
alszc redissolved in 0.05 M phosphate buffer, pH 8.0, - and assayed by‘
immunodiffusion. As 2 result of these experiments a protocol for~i ’
prec1pitation with PEG—6000 was established “as follows
To the protein solution obtained after ammonium sulfate
precipitation was added an equal volume of a 13% PEG 6000 solution
in 0.1 M phosphate buffer, pH 6.8, containing 0.15 M NaCl;- The
' ‘mixture.was left overnight at 4°C and'the precipitate collectedvby
centrifugation at 18°C for 30 min at 7,970 X g. The precipiate was
redissolved in 0.05 M phosphate buffer, pH 8 0, and applied directly

-~

to a DEAE~ce11ulose.column'as described below. Residual PEG—6000 was’
‘not adsorbed b; DEAE—cellulose and was. eluted in conjunction with non-
adsorbed proteins (67). -

™ Part II. :Chramatography |

| i.lﬂAnion-exchange chromatography': DEAE-cellulose was decanted several

‘times with distilled water and washed with an excess of the following

: \solutions 1n the order indicated before use: (a) 0.3 M monopotassium_
phosphate‘ (b)~0 5 N sodium hydroxide, (c) 95/ ethanol; (d) o. 05 N
sodium hydroxide; and (e) distilled water, Usually 500 - 800 ml of
each solution was used for each 50 g of DEAE—cellulose. At each stage'
the DEAE-cellulose was suspended in the solution for 1 hour, then
transferred to a Buchner filter funnel and the supernatant removed by

- vacuum filtration. After each chromatographic run, the DEAE—cellulose

. was regenerated by the same. process, except that the wash with 0.3 M

~
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monopotassium phosphate'was.omitted:. The acidity of-the.activated resin-
_“““_in_distilled‘water“waS“adjusted“to—pH‘STO“andrthe—resiniwas—then—equili-——f
brated»with the startingﬁbuffer. The DEAE-cellulose suspension was
"then tranSferred to a glass column, allowed to settle,andffinally packed
with air pressure. The%column was connected to a‘flask containing the
starting buffer and‘prior to application of a protein sample,' the gel
'was washed with an amount of starting buffer equal to about four times
the volume of the resin bed.. “ |
T The molarityqof the starting buffer was determined by }ntro—>
ducing - IgM-containing samples into columns of resin in 0.025 M | |
0. 05 M or 0. 075 M phosphate buffer, pH 8.0, The columns were then
washed with the same buffer and non—adsorbed protein fractions were .

assayed for IgM

. Protein solutions obtained after precipitation with 6. 5/
PEG—6000 were. applied to- DEAE—cellulose columns in- 0 05 H phosphate
buffer, pH 8.0, and the columns were washed with the same buffer until

,the absorbance at 280 nm of .the column effluent was less than O 10._f

jThe startlng buffer was then replaced with 0. 3 M phosphate buffer,‘

'ipo‘4.7, to~elute protei ch had been adsorbed by the resin. 'Thev '
' adsorbed protein'pea;,;zz—::ZI;;ed against 0.05 M’phosphate buffer, ;zt
| pH 8. 0 and applied to a second_DEAE-cellulose columm.v.Non—adsorbed”

proteins were again eluted as described above,.and a buffer gradient §
-with increasing molarity and decreasing acidity was applied to the‘
_column The buffer gradient was established as follows“

Two 250 ml beakers, a 600 ml beaker and al 1 beaker were

\

filled with llO ml 0. 05 M phosphate buffer (PB), pH 8 O 110 ml 0 075 M
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-

PB, pH 6.3, 220 ml 0.1 M PB, pH 5.3, and 330 ml monopotassium phosphate, -

-~u~;_~respectively. The_ beakersluerelplaced on_a. four—place magnetic stirrer“;__

_ (Cole—Parmer Instrument Co., Chicago) and connected (in order of
decreasing acidity) with glass tubing. The buffer chamber-containing:
0.05 M phosphate buffer, pH 8 0, was then connected to the'DEAE- |
.cellulose column' The buffer in each .beaker was stirred continuously
to insureithat a uniform gradieht of increasing molarity and decreasing
acidity mas obtained.' Effluent fractions of 8 ml were collected from
the column at a flow rate of 45. ml/hour, using a LKB Ultrovac Auto— :

.

.,matic Fraction collector, type 7060. The molarity and acidity of
each fraction collected was determined by means of ‘a YSI conductivity
‘bridge Model 31 and an E 300 B Metrohm Herisan pH meter, respectively.
A previously prepared standard curve relating increasing concentrations
of phosphate buffers to conductivity was used to facilitate determin—:‘
.ation of the molarities of the effluent fractions. o
Effluent fractions were assayed for IgM IgA, IgG az-i
vmacroglobulin and ceruloplasmin by qualitative immunodiffusion as
Adescribed above. IgM—containing fractions wvere pooled, concentrated

-and dialyzed against 0 1 M phosphate buffer, pH 7. 2, containing 0. 5 M :'

NaCl.

L

m,

Tid. Gél filtratton Sephadex G~200 and Sepharose 4B were used in gel ‘_.
filtration experiments, as their repor ' characteristics appeared to yi

| be suitable for IgM purification..

Sephade G—ZOO was allowed to swell in distilled water for e

3bdays;at rooms emp rature and decanted several timesvto-remove fine~ -
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. particles which might interfere with the operation of the column.‘ The

'dgel was then equilibrated in 0.1 M phosphate buffer, pH 7 2, containing
'0 5 M NaCl and . packed in a glass chromatography column with internal -
’ ~dimensions of5 0cm X 100 cm and a maximum bed volume of 1 800 ml,
_ Pre-swollen Sepharose 4B was suspended in O. 1 M phosphatev:

: buffera pH 7 2, containing 0 5 M NaCl “and packed in a. glass chromato—
'graphy column with internal dimensions of 2.6'cm x 100 cm and a bed |
: volume of 530 ml | | S . | | | '

» A polystaltic pump (Buchler Instruments) was used to'maintain '
31_a ccnstant flow rate of 26 ml/hour.. Samples applied to. the Sephadex
column usually had a. volume of about 25 ml and a. total protein concen—A
ktration of 200 - 300 m;\while thosewapplied to the Sepharose column R

usually had K:1 volume of 12 ml and a total protein concentration of

about 100 mg.
The IgM—containing samples obtained from the second DEAE—;

'cellulose column weredchromatographed first on Sephadex G 200. ';
Effluent fractions were. assa&ed for-IgM and the IgM-containing fractionsbff
:were then pooled,.concentrated and re-chromatographed on the Sepharose |
4B column The IgM—containing.fractions from the Sepharose 4B columm S

v Ry

: in which no az—macroglobulin or IgA was detected by qualitative 1mmuno—*l 3
. o o

'diffusion assays were’ pooled and these constitute the final IgM prepar-hf-'

ation for this purification sequence

-2, Purpficatton sequence B
Part I Prectpztatzon methods

The precipitation techniques described in sequence A above |



i

were carriedvout to obtain'the~6.52 PEG;GOOHprecipitate.ﬁi

Part'il Anzon—emchange chromatography
» | The 6 5% PEG-6000 precipitate was redissolved in O 05 M
. phosphate buffer, pH 8 0, and applied to a DEAE-cellulose column. Thel-
- unadsorbed proteins were eluted with the same buffer, and adsorbed |

.proteins were eluted with 0.3 M phosphate uffer pH 4 7 and dialyzed

"kagainst 0. 022 M phosphate buffer, pH 7 4 con ain"ng 0.1 M NaPl .'u:_i~-;ﬂ

Part‘III | Second preczpztatzon wzth PEG-6000 {:'

| The dialyzed samples were precipitated with PEG-6000 at a
final concentration of 47 The protein solutions were diluted to a
concentration of 1 mg/ml with 0 022 phosphate buffer, pH 7. 4, containing
0. 1 M Naé& and mixed w1th an equal volume of 8/ PEG in 0, 022 phosphate /.:i
‘ buffer, pH 7 4, containing 0 1 M NaCl This mlxture ‘was’ left overnight ;f‘
| at 4°C then centrifuged at 39 100 x. g for 30 min at. 18° : The precipi//—/
:tate was resuspended in 0 1 M phosphate buffer, pH 7 2, containing

"0 5 M Nacl._ The redissolved precipitate represented the final product

";j“of purification sequence B

“",3;. Purzfzcatzon sequence c

T'Part I -
. . RN , . e

Initial procedures in purification sequence C: were the same

as those in sequence B except that the second PEG 6000 precipitation -T

v vas carried out at. a PEG concentration of 57.. The resultant precipitates:

" were: redissolved in 0 1 M phosphate buffer, pH 7 2, containing 0;5 M NaCl. )
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,_:e_____l?art IL c_(‘eZ letr'atwn on Sepharose 4B

The ‘same’ column “and the same coudltions as were.described for

‘l gel filtration with‘Sepharose 4B in procedure A, were used to chromato- -
fi'graph the redissolved 5/ PEG precipitates.; Eluted fractions which con—l

. tained IgM but no detectable az—macroglobulin or IgA were pooled and :

this material constituted the final preparation from procedure C. T_



N

o ?l_- fﬁl ‘i,RésuZts,

;Part I. Preczpmtatzon methods
| The purpose of precipitation with dextran sulfate, ammonium
sulfate and PEG 6000 was to obtain a protein solution enriched in IgM.
Ammonium sulfate precipitation ‘was carried out at 507 satur—'
i atiqn/with ammonium sulfate, since preliminary tests, in which samples
jﬂof serum were precipitated at different concentrations of- ammonium
:sulfate, fevealea{ “that. at»SQA aturation no- IgM was found in the
5vigsupernatant.:f"ﬁ e . '4
‘ | 5 Precipitation with PEG-GOOO at pH(B 0 seemed most appropriate
‘ because it was- found that at higher and lower pH's a higher concen- o
) ftration of PEG—6000 was necessary to precipitate IgM With 6.5% PEG- ..
l-6000 at pH 6 0 IgM was, completely precipitated while a significant
'proportion of the IgA and IgG ‘was found in the supernatanthz o
All precipitation methods were the same in each of the
';fpurification sequences described here and the results will therefore
‘Ibe presented separately. The results of these experiments are summarized'
bdin Table 1. | | ”
o The concentrations of total plasma proteins, IgM IgA and IgG
'hin the pooled serum were found to be 6 000 mg %, 86 mg / 195 mg 7 and
1 250 mg Z, respectively Therefore, IgM represented 1. 4/ of. the total
~.serum proteins, while IgA represented 3 27 and IgG represented 20. 84.;
fThe percent recoverv of total serum proteins, IgM IgA and IgG was’ .

determined by relating the amounts of these proteins recovered at each..

1step to the amounts present in the pooled serum,

S

B B
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The_data in Table l'suggest'that'the‘application of these

precipitation:techniques'resulted in a marked enrichment of;IgM,

relative to other'proteins present inﬁthe original serum,Specimen.
These was a decrease of 69 67 in the total amount of protein present,
with 39 5% and 44/ decreases for IgA and IgG respectively, but only a
10 8/ decrease~in the amount of IgM -Total protein was reduced to.a
: much greater extent than was total immunoglobulin implying that
'h proteins not belonging~to the immunoglobulin class were’ preferentiallynf‘
‘removed by these precipitation procedures. A surprising finding was ?
'the large loss of proteins as a. result of the dextran sulfate precipi—%"
tation Step, since it had been reported that dextran sulfate at 0. 5/
' final conceutration specifically precipitated low density B lipoproteins
(bs} Since these are normally present in serum at concentrations of fﬂ
only 280. - 440 mg / (80), the 25/ reduction in total serum proteins
obtained at this stage was unexpected Precipitation w1th dextran ;;
; sulfate reduced the amount of IgG by 20/ but did not significantly
,reduce the IgA content of the sample. Although 77 of the total IgM
was also lost at this stage,. subsequent precipitations with ammonium.
sulfate and PEG—BOOO had little effect on IgM concentrations,mbut
-:resulted in significant reductions~of~IgA and IgG-- The 7Z~loss of -
. IgM on precipitation with dextran sulfate was an undesirable effect, d
but- the coincident e11mination of . 20/ of the total IgG and more |
importantly, a11 of the low density lipoproteins (which_interfere with
subsequent.precipitation steps) was advantageous and- this step was
considered therefore, to be an essential part of the TgM purification

.

sequence, BT
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Part II. Chro;atography and seZectzve precmpztatzon
| In procedure A a. purification sequence involving ion—_
f;“"—"“' exchange chromatography on DEAE—Cellulose columns and gEI filtration““““““‘_-"
on Sephadex G—200 and Sepharose AB columns was evaluated In an '_ih

r . q

attempt to avoid the apparent contamination with az-macroglobulin_

i}

which was observed in the IgM preparation obtained in that manner,
a second procedure (B) employing a further precipitation with 4/ PEG-
6000 was: tested as was a third procedure (C) involving precipitation

: with 5/ PEG—6000 followed by chromatography on Sepharose 4B

' Procedure A |
‘b._ Li;: Anzon-exchange chromatographu " As described in methods, IgM- .
:“":containing samples ‘were fractionated on successive DEAE—cellulose
columns The;IgM—containing samples were applied to DEAE—cellulose
columns pre—equilibrated with 0 05 M phosphate buffer, pH 8 0, since
under these conditions all of the IgM in the samples was adsorbed by

o

' the resin. With higher ionic strength buffers loss of IgM along w1th
the unadsorbed protein fraction was observed A 0 05 M phosphate o
fbuffer was preferred to buffers of lower molarity because with 0 05'M -
phosphate buffer less protein was adsorbed by the resin, allowing one _,.lhff
7. to apply a larger sample to the: column When O 05 M phosphate buffer,
| pH 8. 0 was used as the starting buffer\ up to 1 600 mg of protein 4"'
could be applied to a- dolumn with a bed volume (packed) of approximately
| wOn'the,first DEAErcellulose'column,-which wasfeluted_in-a

'step-wise manner, proteins were'separated-into:two_fractions,TﬁThe'
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first'fraction, representing 45% of’the-applied protein, contained' '
y

proteins which _were_ not adsorbed to the resin and which were eluted B

vfrom the column with 0 05 M phosphate buffer, 8. 0.' This preparation a
contained significant amounts of IgA IgG and az—macroglobulin, but .

" no IgM The second fraction, containing 18 6% of the applied protein,
was obtained by eluting the adsorbed protgins from the column with
"0;3'M phOSphate buffer} pH 4.7. This fraction contained IgM but was

halso contaminated:with IgG IgA and az—macroglobulin. Replacing the .

E 0.3 M phosphate buffer, pH 4.7, with a buffer gradient with increasing

A molarity and- increasing acidity to elute the adsorbed proteins did not
’result in an improved separation of IgM from other adsorbed proteins |
"at this stage. In fact, analysis by double immunodiffusion indicated
that all.fractionS'elutedvin.this,manner contained detectable amounts.
‘of IgM; | . o
lén'avsecond DEAE—cellulose column,.the Jadsorbed proteinﬁb
',fraction‘from the first column was further fractionated | Approximatelyt;;
.',_272 of the applied proteins were. again recovered in the unadsorbed f | |
f‘protein peak which contained no IgM while 60.9% of the applied |
proﬁbins, including most of the IgM was- eluted from the columm with a -
-dbuffer gradient.: A typical gradient elution profile is illustrated in
:.Fig.. | Qualitative immunodiffusion assays were. used to determine which
.of the eluted fractions contained IgM IgG az-macroglobulin, IgA and
ceruloplasmin. IgM began to appear in the effluent when the effluent ‘
buffer consisted of 0.07- M phosphate at pH 6 8 and was. completely eluted
;;when the effluent buffer composition was 0 11 M phosphate at pH 5. 4

' 'Fractions containing az- M, IgA, IgG and ceruloplasmin overlapped the '
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,h Fig;’l; Chromatography on DEAE—ceZZuZose |

o ' Approximately 750 mg of protein in 0.05 M phosphate buffer,
pH 8.0, were.applied.to a DEAEfceilulose cdlunm uith a packed bed
’rolume of 100 ml. Proteins: not adsorbingito the,resin'uere;eluted'

-. ;.ﬂth 0.05 M PB.  When the absdrbance'of‘;the ef‘fiuent" at 280 "nm

_ declined to less than 0. 10 a buffer gradient of increasing molarity

I and'decrea31ng acidlty was started. Fractions of 8 ml each were -

' collecteduat a‘flow'rate of 75 ﬁl/hr. Individual fractions from
the adsorbed peak (second peak{;yere tested for the presence of IgM :

uz- M ceruloplasmin and IgA by immunodiffusion., The distribution .

- of these proteins is represented as solid lines under the figure,

for'eXample, IgM was found in fractions 128.to 162.
Absorbance at 280 nm;; L O————0
Molarity'ofueffiuentuhuffer : ‘CP-‘f-*41:

. Acldity of effluent buffer ~ @-—-——@ .
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IgM-containing peak (Fig 1).

Chromatography on DEAE—cellulosebresulted in an enrichment of T
the . IgM concentration from 4. 2% in the PEG—6000 precipitate to 22.4% of
vthe total proteins in the IgM-containing fractions after ion—exchange
chromatography. Moreover, the IgM concentration relative to the: IgA
concentration 1ncreased from 4 2/6 46 (0 65) to 22 7/3 4 (6 6), a ten—'
fold enrichment relative to. IgA (Table 1. The enrichment of IgM
relative to IgG was not determined since the IgG concentration in the -

h sample obt ined after anion—exchange chromatography was ‘too 1ow to bev"
l»measured ccurately by the methods available.. However, immunoelectro—
'phoresis with- monospe:ific anti—human IgG serum suggested that some:.
_residual IgG was still present. .

The data obtained at various stages during the ion—exchange
4fchromatography procedure and referred to in the text above and in’
Table 1, indicate that not all of the proteins which were applied to'
.lthe columns were retovered in the unadsorbed and adsorbed/eluted ]
fractions. Loss of total protein with ‘the first column (step—wise.{,(
elution) was consistently in the order of 357 while 1oss with the ,
;second column vas less extensive being in the ‘order of 12/. At the v
same time ‘there’ were losses of 54/ and 22/ of the applied IgM from the
first and second DEAE—cellulose columns, respectively. It seemed
‘r.likely that ‘these losses reflect very tight binding of protein to the
q'ion—exchange resin "Attempts’ to elute additional protein with buffers
l’containing up - to 1 O M NaCl were only partly successful. In addition,

' some protein could be. eluted when the columm was washed with 0 5 M .

‘ssodium'hydroxide However, the amount: of protein recovered by the'
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.‘J - | | -

combination of these two procedures did not account for all of the

1ost‘proteins. Moreover, IgM could not"be‘detected in—protein fractions——w——
eluted in this manner. It was initially thought that losses of IgM
might hayearesulted in part, from sample handling at that stage (i e.
concentrating and dialysis) However, this is not now considered to -
be a reasonable explanation for these large 1osses‘since the samples
| were also subjected to simllar procedures at other stages (Sephadex‘
'G—200) without experiencing similar-losses. |
44, GeZ f%Ztratpon When the‘Igﬁ-CQntaining‘fractions'obtained after ;
fDEAE-cellulose chromatography were chromatographed on Sephadex G 200
-columns, proteins were’ ‘eluted from the column in two separate peaks,
the first of which appeareéhafter an- elution volume of 495 mllﬁ/d con—u
—'tained most of the proteins (Fig. 2). Analy51s of the eluted fractions»[
by - qualitative immunodiffusion indlcated that IgM was eluted in the.
'first peak as were a2—macroglobu11n, IgA and a small amount of IgG. L
Ceruloplasmin and the remaining Ig? were found together in the second L
peak A third smaller peak‘was also seen which may have contained some.
-residual albumin, since this protein was still detected by immuno—
'electrophoresis after DEAE—cellulose chromatography but not after :f'
Sephadex G—200 chromatography ) v | ‘

"As seen in Table 1, the IgM concentration in the sample
.vobtained following Sephadex G-200 chromatography was enriched by a
. factor of two., As well the complexity of the protein mixture, as.
'rdetermined by immunoelectrophoresis, was markedly reduced Following

- -

EAE—celluloserchromatography several precipitation lines were‘detected y



'h.Fig;‘Z.d Chromatography on Sephadem G-200 h,
The IgM—containlng fractions derived from DEAE—cellulose'

=

columm chromatography were pooled, concentrated and subjected to

pchromatography on Sephadex G—200 Approximately 260 mg of protein_

- in 25 ml of buffer were applied to a 5 5 cm X 90 cm columm of

Sephadex G-ZOO Fractions containing 6, 5 ml each were collected

.8t a'constant flow.rate“of 26 ml/hr.3 The protein content of the
"fractions is expressed as absorbance at 280 nm and the elution :
ipositions of IgM,J IgA and ag— M . as determined by qualitative immuno—

»-diffusion, is indicated with solid lines under the figure. _:
Absorbance at 280 nm ,: o C}—-_a___<3'.
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Fig3 C’hromatography on’ Sepharose 4B

. Approximately 100 mg of protein from the IgM—containing

.A fraction obtained after gel filtration on Sephadex G—200 ‘were d\
.:applied to a Sepharose 4B column (2. 5 cm X 100 cm) Fractions ofn

: 5 S5 ml were collected at a constant flow rate of 26 ml/hr and

‘”.Q_analyzed by qualitative immunodiffusion for IgM az— M and IgA

The elution position-of these three proteins- is represented by :
solid lines under the figure.

' Absorbance at 280 m 'C*et-—?+—49'
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while only three lines were observed after Sephadex G 200 chromato—

N

‘suggested that a trace of IgG was: also present. lj

:'L centrated and chromatographed ‘on a Sepharose 4B column. Analysis of

§ illustrated in Flg. 3f

graphy.. Immunoelectrophoresis using monospecific anti-human IgG serum. '

PR
3

In order to obtain further purification of IgM the IgM— -

'h_'containing fractions rrom the Sephadex G—200 column were pooled, con- '

T
the effluent fractions by aualitative immunodiffusion suggested thaﬂ i

IgM was 1arge1y separated from IgA and az—macroglobulin by this pro—v

'cedure. A typical elution profile for Sepharose 4B chromatography is'_“7':'

-

¢

‘? ‘AnaZyszs of‘ fznaZ IgM preparatwn' A total of 15 6 mg of IgM, . ‘

']‘as determined by quantitative radial—immunodiffusion was recovered

determined for. the purpose of standardizing the quantitative radial—-'

immunodiffusion quantfz:tive assay is unknown, but may have involved L

following chromatography on: Sepharose 4B B This corresponded to an’ IgM

recovery of 18. 1/ Total protein recovered as determined by the Lowry;T

method with boane serum albumin as- the reference protein, was calcul—f L

ated to be 31. .2 mg._ However, when human plasma fraction II was used as'” :
the reference protein, total protein recovery was calculated to be :

19 mg. Relative to these values, the amount of IgM recovered repre-?v.' o

sented elther 50/ or 82/ of the tptal protein recovered implying that

there was either -a 507 -or an 18/ contamination of the final IgM product

|
by other proteins., These values may not reflect the true'situation,

however, 51nce protein determlnation and IgM determination were based

son different methods.. The manner in which IgM concentrations were .

R
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frfFig.'é. IMmunerejyrophoretzc pattern of IgM'preparatzon from o
procedure 4 (#13) aid B (#22). b e o

Antiserum in the upper trough/was anti~whole human serum,i

’ while the second third ‘and fourth troJ;hs contained respectively,'i.-.

’t anti-IgG anti IgA and anti—IgM serum. The upper sample well con~'f

“ttained whole human serum and all thefother wells containe@ a sample

\

of the final IgM preparation. Anode was to the left. The analyzed ,
B

*f;”‘eamples had an- IgM concentration\of\BO mg / in A and 200 mg % in B.

Immunoelectrophoresis was, carried out as described in Methods.'il
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’Fig; 5. UZtracenmfugatwn of IgM preparatwn from pr’ocedur‘e 4.

S : - .

ﬁltracentrifugation pattern of the IgM preparation

w

before dialysis against 6 M urea.p*Centrifugation

was carried out at 20°C in 0 1 M phosphate buffer, -

-~

\ . ) L .
: pH 7. 0, containing 0 1 M NaCl The protein concen-

tration of the sample Yas 5. mg/ml. L

2. Ultracentrifugation pattern of - the IgM preparation

}

after dialysis against 6. M urea. ~The sample was

analyzed at. 20°C'in 0 1 M phosphate buffer, pH 7 0, -

”h containing 0.5 M NaCl,' The protein concentration

was 4 mg/ml

. ‘,.

Both photographs were’ taken 12 min after reaching a full Speed of

60 000 r. p M. in a Beckman Model E ultracentrifuge.
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' nitrogen determination by the Kjeldahl method, How this might
relate to protein concentrations determined by the Lowry method was -
,difficult to assess. Therefore, additional.techniques, including

_quantitatiVe determination of-dz—macroglobulin,‘as well as immuno—'

.electrophoresis and ultracentrifugation, were used to assess the
purity of the final IgM preparation. : T
. ) Determination of the concentration of az—macroglobulin in

-
‘the final preparation by radial immunodiffusion, suggested that

‘proximately 3 mg of az—macroglobulin was present. This represented

9 6% of the total proteinxwhen albumin was taken’ as the protein ‘stan-
dard (or 15 7% when HPF IT was: used as the standard) e
Following immunoelectrophoresis against anti—whole human
serum, two precipitation lines were observed including one which
iclearly corresponded with IgM and a faint second band which could not
be identified (Fig. 4) However, it was. thought to be unlikely that
:the faint line corres"ohded t6~a2—macroglobulin since no precipitation
1ines. were detected with monospecific: anti—human az—macroglobulin serum. -
A,Traces of IgA and IgG were detected, however 'with the appropriate |
fhfmonOSpecific antisera (Fig. 4). ‘
Ult_gsentrifugation of the- final preparation revealed tw0'1"

.peaks with observed sedimentation coefficients of 15 96 S and 24, 63 S

orresponding to corrected values (520) Bf 17 9's and 27 78 (Fig. 5)

'
-

.An indication of a component (or components) with a higher sedimentation

e

coeffic1ent is seen, since a base-line irregularitv is evident to- the ///i,
'right “of the 27 78 peak.' Based on its sedimentation value3 the 17 9 S |

"peak may represent Igh,. while the 27 7'S_péaifand the-hump following it

L2
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C R
may represent polymers or aggregates of IgM, since such components ,
have often'been observed in preparationélof gM (58). NoadiSCrete

components with sedimentation coefficients of less than 17.9 S were

detected and no pattern characteristic for’ 1ipoproteins was seen.
l' The base—line preceding the. major peak showed an initial decay.

The ultracentrifugation pattern described here and illus— B
trated in Fig. 5 2 corresponds to a. purified IgM preparation which ‘had -
‘been successively dialyzed against 6 M urea and 0.1 M ph05phate buffer,.
pH'7;Q, containing 0.5 M.NaCl. This”further processing of the IgM .
*preparation was‘carried‘out.in an'attemptito reduce the amount-of '

l very large IgM aggregates*which tend to precipitate since these were
observed as rapidly sedimenting material during the first attempt at’
ultracentrifugation of the IgM preparation  Aftér the early rapid
sedimentation of very large: IgM aggregates, the ultracentrifugation
pattern of an unprocessed samples showed two peaks (Fig 5 1) with .
observed sedimentation values of 16.9 S and - 28 1 S, corresponding to :
rcorrected sedimentation values of 18 06 S and 29.9 S.. No decay of

jthe base-line was observed in these runs, suggesting that the initial
decay observed in. samples which had been dialyzed against 6 M urea was_

]

rrelated t0’this_further‘handling of the IgM preparation.

.‘Erocedure B - ” |

R Anzon«exchange chromatography ‘ Data for enrichment of IgM and
recovery of IgM and total protein after chromatography on DEAE—cellulose
are outlined in Table I1 and correspond closely to the values derived

after purification sequence A (Table I)
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.: ii. Precipitdtion with 4% PEG: Since it appeared’that a signiticant
mamount of az—macroglobulin contaminated the IgM-containing preparation b'
‘ obtained by purification sequence A, an- additional PEG—6000 precipi-
f—“rrrrtation step was—included- followinguDEAE—cellulose chromatography in- aull__m
further attempt to separate IgM from az-macroglobulin.f '
| ‘The rationale for this approachvwas based on the.experiments.
reported by Iverius and" Laurent (40), who found ‘that at pH 7.4 in 0 022/5‘
phosphate buffer containing O 1 M NaCl IgM precipitated from‘plasmal""
diluted ‘to 10 mg protein/ml at a PEG-6000 concentration of 34, while
az-macroglobulin precipitated at 8/ PEG 6000. ‘IgA and IgG were;'
reported to precipitate at 12/ and 8/ PEG-6000 respectively. 4 b;-
Portions of ‘the IgM-containing sample obtained after chromatof-_
‘; graphy on- DEAE—cellulose were precipitated w1th conq/ﬂtrations of PEG
.ranging from 3% to 7/ at the same pH: and ionic strength but at a lower B
protein concentration (1 mg/ml) than in Iverius and Laurent s experi—w'
ments (40) Supernatants and precipitates were: assaped for IgM az- R
macroglobulin, IgA IgG and ceruloplasmln. The results of these experi—{
. ments differed from Iverius and Laurent s results, since- it was - found B
that:lgﬁ_began to precipitate -at. 3/ PEG but was not. completely precipi—,'
tatedduntilLP/ PEG was used IgA and az—macroglobulin began to pre- ’
f cipitate:at15/ PEG but Were still found in’ the supernatant at 7% PEG
concentration ; Ceruloplasmin dld notaprecipitate at these concentrations

e

'of PEG—GOOO

[ . P~

Precipitation of IgM—containing samples from DEAE-cellulose

.‘columms with 47 PEG—6000 was subsequently used to separate IgM from Coe

-

‘ dz croglobulin, IgA and ceruloplasmin._



- ii Analyszs of fmal IgM preparatwn (Procedure B) _ Only‘one"

-

precipitation line, corresponding to IgM was detected following

.‘immunoelectrophoresis of the sample against anti-whole human serum.

\

However when monospecific anti—IgM, anti IgA and anti= IgG —~sera were‘"**““—
.used ﬁ\int precipitation 1ines i icative of the presence of traces

~of IgA and IgG in the sample were’ seen (Fig. 4). _
‘ ‘ Quantitative determinations 1ndicated that 47 3; of the IgM

in the sample was lost s a result of precipitation with 47 PEG ~

- although the overall T covery of IgM from pooled serum was still 23 5%

_:(Table II) compared to ‘the 18 1 recovery obtained by procedure 4, ;

The total protein recovered as determined by the Lowry method was , o

' 41 mg when‘bovine serumlalbumin was used as the reference protein or ‘

_‘26 8 mg with HPF II as the reference protein. The IgM recovered, f'

‘:as determined by quantitative radial—immunodiffusion assay, was 20 3

:'mg correspondlng ‘to either 49 5% or 75/ of the total protein depending

lon which reference protein is used in making the calculation.p These .
'1va1ues implied either a 50/ or 257 contamination with non—IgM proteins -

o dn the final preparation obtalned by this method . | B |

y

Quantitative determination by radial—immunodiffusion assay
»indicated that only 1 13 mg of az—macroglobulin was present kéé;feé-f“
“enting either 2 7% or 4 27 of the total protein in that preparation.d':;‘;f
The results of the ultracentrifugation experlments were -

; similar to those pertaining to the IgM product from procedure A,
v‘:After treatment of the IgM preparation with 6 M urea, two peaks with' K

' observed sedimentation coefficients of 16 37 S and 24 66 S, corres- -FQ

'iponding to. corrected sedimentation coefficients (Szo) of 18 4 and 27. 7; ;'.

-~ . . : S T .



Q'were obsérved,(Fig..B).

Procedure ¢ A e o ,,’ '

v

i Preczpwatwn mth 5% PEG and gel. letratwn on Sepharose 4B A |
portion of the- same sample from DFAE—cellulose as was used in procedure,
B was: prec1pitated with 5/ PEG. ' |

) Quantitative assays indicated that only 27 8% of the added

IgM was: 1ost by precipitation with 5/ PEG as compared to the 47 3% loss
following precipitation with 47 PEG. Precipitation with 5% PEG

. increased the IgM concentration from 11 9/ to 41, 5/ of the total protein»‘
(relative to bovine serum albumin as the reference protein) (Table II)

‘Immunoelectrophoresis against anti*whole human serum 1ndicated two
distinct precipitation lines 'in" addition to\the‘precipitation line

' corresponding to IgM Both IgA and IgG: were detected with monospecific' o
anti—IgA and anti IgG sera (Fig. 6) | |

The 5/ PEG precipitate was then chromatographed on a - -

Sepharose 4B column in an attempt to separate IgM from IgG IgA and
az-macroglobulin.v The relative elution positions ‘of these components

r'were determined by qualitative immunodiffusion assays and were shown
to be similar to the results obtained after chromatography\on
Sepharose 4B in procedure A (Fig. 3) Fractionsfcontaining only{lgMd

.were pooled and concentrated . Pi : R "'3 R

ii AnaZyszs of f'z,naZ IgM preparatwn' The'- avmount' o“f' ‘IgM 1ost:' durin'g o

. precipitation with 5/ PEG was less than with 4/ PEG but the final

recovery of IgM was the same . as in procedure B (23 3/) since there was _



Fig.v 6. . Inmmoelectrophoretw pattern of IgM-contammg solutwn
5 f'obtamed after pr’eczpztatwn mth 5% PEG
Antisera were—applied to the antisera troughs (#12) in’ the

‘same . order ashdescribed 1n Fig. 4 The upper antigen Well contained

whole human ‘serum; the second third and fourth antigen wells con—:J* ;:;

V_tained samples of the protein solution obtained after 5% PEG prec1pi—‘

g tation.~ The IgM concentration in the samples was 126 mg A.
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an- additional loss. of IgM (9. 1/) during chromatography on Sepbarose 4B‘

.( ' S ‘,

(Table II)

IgM constituted 67, 6/ or 95, 2/ and a2~macroglobulin consti— .

tuted 3. 2/ or 5. 2/ of the total protein, relative to bovine serum -

talbumin or HPF II as-the'reference proteins,yrespectively.,

The immunoelectrobhoretic patterh (Fig. 7) was similar to -

that obtained with the final preparation from procedure B, and the f

.

_'ultracentrifugation pattern 'was similar to that for the final product'

ufrom procedure A.v After dialysis of the IgM preparation against 6 M

iurea, the observed sedimentation coefficients for the two peaks were '

L
16.96 S and 25 S-corresponding to corrected values‘(szo) of 18.77 S

‘and 28.2 S (Fig. 8).

‘\



; Fig. 7. IMmﬁnerectrophoretzc pattern of IgM preparatzon f?om g

procedure C (#23) ,
Antisera were applled to the antisera troughs as previously

described The upper antigeh well contained whole human serum, while

e R

~

from procedure c. This preparation had an IgM concentration of
00 mg . . e T

K}

the other antigen wells contained samples of. the final IgM preparation :{I
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"_'r,q* The samples were analyzed “as described in Fig. 5= 2 and in

"p‘

Methods. Photographs Yere ;:aken at 16 min (B) and 12 m1n (C) after
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. DISCUSSION

-f

Three procedures for large scale purification of IgM froml

1. nal human serum were evaluated.

The final IgM recoveries after following procedures A, B,

‘and C were 18 17, 23 5% and 23. 3/ respectively. It may be suggested

d

) that the reCOVery of IgM could be - increased significantly if an

alternative to DEAE—cellulose column chromatography was available,

since very 1arge losses were incurred at that stage in the procedure.

S Using different approaches, Vaerman et aZ (90) obtained 30 to 407%
- \‘)

(7)»obﬁ%ined a. ZSA recovery. However,

their procedures involVed prep

' recovery and Chaplin et aZ

ative ultracentrifugation, which is

’better adapted to microscale preparations. Large scale IgM purification

has been attempted in some clinical studies. Wickerhauser and Hao (92)

ecovery of 25% with a procedure consisting of PEG
oy .

o obmined an IgM T

zinc sulfate precipitation, chromatography on Sephadex "

on. However, purity ES the IgM

precipitation,

-

“““-G-200 and ammonium sulfate precipitati

preparation was not one of their major concerns and a 55% contamination

Qf the IgM preparation W1th other serum proteins was observed

N .
e

7 .~.':;w : g In contrast the purpose of the experiments reported here

was«to develap!a large scale preparafive procedure for obtaining very

lv

¥{~,f hi%ﬁfpuri%y IgM from norm!% human-serum in reasonable yields.

- Among the three procedures tested in our experlments,

procedure B seemed most su1table for large scale preparation, since'

- ‘
S »
“‘l

-1it did not involve chromatography on Sephadex G—200 or Sepharose 4B.

\

These chromatographic techniques are somewhat limiting in terms of/the‘_:‘




.

"amount of protein that can be chromatographed at- once without sacri—

P

ficing resolution.~ Nevertheless, procedures A and c could also be

ST e -

kappliedfor preparative purposes, since the chromatographdc s:éps ariéé-if

=3

“introduced at the end of the purification sequence and at that stage T
the problem of handling large amounts of protein is reduced | )
In fact, the. purity of the final IgM preparation from .
"procedure C appeared to be somewhat superior to the products of
" the other two procedures,'51nce the final IgM product from procedure
| C _was 95 24 pure, while the IgM preparations ﬁrom procedures A and B
‘were 82/ ‘and 75/ pure, respectively Thqgf values apply to protein f:‘w
'concentrations determined by the Lowry method (52). with human plasma .
fraction II as the reference protein. It was assumed that with HPF 11
"a more correct estimate of the protein concentration would be obtained "~”
than would be obtained 1f albumin was used as ‘the reference protein, -
since the chemical composition of IgM is more closely relatéﬂ to ;:
b’lHPF II (gamma globulins) than to albumin. ‘
b Calculations of the purity of these preparations based om

‘. determinations of total protein (by the Lowry method) and IgM concen—
.trations (by quantitative radial immunodlffusion}ggﬁﬁe for the most

.part, in reasonable agreement w1th indication§:

‘\.

ﬁﬁMCies were noted With .

other metnuds, although some unexplained di‘

<
o,

A_the products from procedures B and C._ The immuhoelectrophoretic and

=

ultracentr fugation patterns of the final preparations from’p;oéedures :

B and c were very similar and their az-macroglobulin contenggagfff

I ..p.-

determined by quantitative radial immunodifquion was almost ide_p"‘

S

N r _\.

) Yeta the amount of, contaminating proteins was calculated to be 254\<ng;'

LA .-53’ f: T

B A

-t
A



'procedure B and4 SAin procedure C. One possible-explanation for the o
_observed discrepancies may involve thﬁ,quantitative radial immuno— :

diffusion assay for IgM. Variations in that assay could result in ‘

]

b 3

““the calculation of an inordinately‘low valueAfor—IgM concentrations_ e
so that the concentrations of contaminating protelns would appearl

~éreater than they actually were.f The final prodgcts from cedures
W d : °

B and C showed after immunoelectrophoresis, only one precipitin,

fline which corresponded to IgM while the final preparation from

an

'lprocedurelé showed two precipitin 1ines, ‘onie corresponding to IgM )

and one to’an unidentifiedgprotein L ,,h .

A .

Contamination with az-macroglobulin was also far more

! pronounced after procedure A (3 mg. as compared to- 1 1 mg for B and

3

'1=c)} This suggests that selective precipitation with 4/ PEG, as: in:.
.procedure B,'or prec1p1tation with SA PEG in combination with gel

filtration, as 1n procedure c, was particularlyveffective in f

eliminating az—macroglobulin. E "[ ':_.b" o L .‘»’ o .
With regard to contaminatlon with IgA and IgG no basic'

differences were observed between the three procedures. Both
A Y

"immunoelectrophore31s and qualitative 1mmunodiffusion assays '
suggested that small traces of those immunoglobulins seemed to be
A .
: present., However, quantitative determinations could not be carried

t since the concentrations of those immunoglobulins Were too 1ow o

’,

~1 to be determined by the radial immunodiffusion technique. As well
') ------ “ ﬁ"" IS

'ultracentrifugation patterns did

’ otﬁ%r components ‘with. sedimentation rates kn

,. sr PP TS P
p 5 ¢<.
Uomyneate »’ A E

vIgA It might be suggested that cross reac 4pns .etw en_the ant LgA




and anti-IgG antisera and IgM could” give a false impression that small
' amounts of IgA and IgG were still present in the IgM preparation. This

would occur if all of the anti-IgM activity.has not.been absorbed

fduring preparation of these monospecific antisera as well as if true s
cross reactions were occurring. Alternatively, small amounts of

residual IgA and IgG may indeed have been present although this was*;¢

‘-

" .not apparent in the ultracentrifugation analysis.

\

The overall pattern of the sedimentation profile for IgM

obtained by procedure A (Fig. 5), showed two peaks w1th corrected
sedimentation coefficients (520) of 18. 065 and 29 95. In an,attempt
. to reduce the amount of IgM aggregates, the sample was - dialyzed against»

-{16'M urea. As. a result the amplitude of the polymer peak relative

rto the monomer peak was reduced and the sedimentation coeffic1ents‘

r_.were slightly decreased (17.9.S and 27 7 S) A very small third peak
Swith a higher sedimentation rate than 27 78 also appeared Basef

B 1ine decay, possibly related to bacterial contamination or denaturation-.-

' o; the sample was observed in samples which had been: treated in this

..'»

manner as well. The ultracentrifugation patterns of a11 three IgM-

preparations, after dia1y31s against 6 M urea, were similar.,;The -

e -
v ~("" .

"b'corrected sedimentation coeff1c1ents (520) of ‘the. majof components of
the three IgM preparations varied from 17 9 S to 18.7 S while those

of the minor heavier components were almost equal Iaveraging 27. 4 S

' These valuesﬁ%?@?iﬁﬁwery good agreement with those reported for IgM
by Filitti—Wurmser et al. (23) and numerous other investigators.

After a rev1ew of all of the data available, it was concluded

er 1.“

. that procedure c be recommended as being most satisfactory for large :

~ . : , . \
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scalegpurification_of‘normal'human IgM.
- A continuing problem whichvwaS'noted throughout'thevcourse .

. ' 1%

" ‘of this investigation related to the specificity of commercial antisera'

v

which are available for identifying and quantitating serum proteins.
Although the final IgM products obtained by employing purification .

procedures B and C exhibited. only single precipitin bands when "~

Q-

tested against anti-whole human serum and ‘showed characteristic L

profiles for purified IgM on ultracentrifugation nevertheless faint
- o LR
precipitin bands were also detected in those preparations when mono- ©

4 \ ’ .
o

specific anti IgA and anti—IgG antisera were employed There are

‘two possible explanations ‘for these observations.( either small

¢ n" 2

. [ :
T amounts of IgA and IgG were present in the IgM preparations, or the

v, -_?

' commercial anti—IﬁA and anti—IgG antisera were not truly monospecific.
Since the ultracentrifugation analysis did not indicate the presence
. ';y - . ", - \ﬂ

of discrete components‘wigh 5edimentation coefficients less than 15 S B
(i e. in the range expected for IgG and IgA), it was concluded that

.the specificity of anti—IgA and anti IgG'antisera mightﬁbe subJect to l:'

e

question., .

The difficulties inherent in obtaining truly monospecific:.

frﬁ"t
antisera by commercial prec1p1tation methods are obvious, since

: problems can be encountered in attaining equivalenpe points for each
'of the variety of different antigen—antibody complexes which will be
formed when. the antxserum 1s mixed with the preparation of precipitating

antigens._ The resultant monospecific Ahtiserum is likely to contain ‘

. residual, unde31red antlbody activities when that approach is taken.

. - ’

An alternative approachﬂisato,include‘in this procedureetheﬂuse of

i



. solid phase adsorption techniques wherein a purified antigen is
immobilized on an insoluble support and this adsorbent is used to

isolate the desired antibody from the antiserum. The difficultiesl___ln_;__

‘v(

in this case ariSe at a preliminary stage - that is, in obtaining
the purified antigen preparation.“ However, once that problem'is
overcome, as it can be (although vith some difficulty in certain
instances) by the application of classical protein purification
techniques, a two—stagecprocedure involving precipitation with (L
f?"»soluble antigens followed by adsorption on specific solid phase

adsorbents could be used for the commercial production of high

quality monospecific antisera. T ’: -f AR ;:,,/;« -
Because of the uncertainty as. t&\{he true specificities

o

e / R
VAf‘of the antisera used in: this investigation, it is fiot possible to” .» Y

!
]

. state unequivocally either that the IgM preparations obtained by

1
’ I

procedure C were pure, or - that they )vere in fact contaminatedétzith

o small amounts of other serum proteins., What can be concluded
however, is that -a convenient large scale prepé?ative procedure

!

for the 1solation of normal human IgM of relatively high purity

in 20-254 yields has been derived.v More reliable immunological

¥
¥

’ reagents must be available before a more precise definition of the

purity of these IgM preparations can be given.‘.i' "ﬁ?
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APPENDIX
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'# The first antibodies detected after antigenié stimulation Co .
t . : L
ar@#@sually in the IgM class. Subsequently they decline and eventually bl

i T
—————— ﬁwdisappear_witﬁin—seVeral weeks ~£0- lewreplaced~by—antibodies of—the IgG—---M—«ﬁ
. ¢ RS e o

N

_'class, which persist for- 1ong periods of time. .However, some antigens R

(~such as- polysaccharides, preferentially stimulate IgM production and ' ,{#\"
”,tmayigause a- continued productlon of IgM without appreé&aﬂﬂeﬁlgc antibody )
R v* . . " . % M ll,l'v R - .o

formétion (ﬁ) Cold agglutinins, rheumat01d factor and’ ant&bodies

o . 'wy*-. \‘, s

. against the somatic 0 antigen of gram negative bacteria are typioally

‘:,

but not excluSively IgM antibodies (6) . R K
' . s a N

In compa;ison with IgG IgM has—a greater agglutinating power wh1ch ‘ '4_ {f

) - . C .2 . Lo e .
e .

3.

can be expl 1ned on»the basis of 1ts greate
. - . ¥ \\' ". g ' - )

. As well Ig “seems to fix complement muoh more effic1ently than IEG
.g' ‘ i Q'”‘J" A
resultlng in a better hemolytic and@%acteric1dal effect Qﬁ) ‘
5’ ' R S
The above cited characteristicstéf IgM have imp“rtant'g;%i :
;:. clinical 3pplications.' For example, recent infections can be ideﬂtified
by demonstrating specific antibodies of the IgM class‘in the serum vy 7
. - :

1 specﬂﬁﬁn._ Recent 1nfections are usuafly diagnosed by demonstrating a ~”?.;

R

l

S ‘.‘ .
- ? ‘ .

o

Tw
Aﬁdse in the antibody tater. HowevEr, if observatlon of th1s~¢ise 1s

.’ V.

‘-;Sgd,'lt bgcomes imp0531ble>to distingulsh betweem recent 1nfections-:f L

nd prev1ous 1mmunity.4.A solutlon to this problem;és oﬁfered by al.jisﬁziif;ga;é
: demonstration of specific antibodiggmiﬁ the IgM class, since IgM adt;— ?ix;i:é;f
;é;- bodies do not carry 1ogg’1asting immunlty..BHrgin- Wolff et al (1%'; Sl ;i;f
L <, MRS 2 =
o separated Rubel%g Igﬁ ‘IgG“uand IgA antibodies by ggl f11trationﬁzon ’.?1':3ﬂ;g
;.“ ﬁv" o _ et

tion—%hhibltion aﬁtﬂv1ty of ”. '
. o ] . o




y .
’ K%
-

:0111 each fraction. They found that distrbution of ‘Rubella antibodies in : o
githe three major classes of Ig (IgG IgA IgM)fyas characteristic for:;i.':. .J).
“l; a recent Rubella infection.' This antibody distribution could be found

aﬂf? seyeral weeks after the antibody titer reached its maximum. _Recent

infection .can thus be- diagnosed over a- longer period of time than by a f;' .

.
»

determining a rise in antibodies.ff?ﬁr

o~ % E

pr Congenital infections,can be detected by determining the IgM level

I
<

&n ﬂmbilical cord serum Since IgM does not cross- the placenta, Lo Qg~ ‘h
-

5'?J'increased IgM levels ( more than 10 mg /100ml ) must " océur as a result

. -

aA/Df IgM synthEsis by - the foetus in rﬁ‘ se to antigenic stimulation.

‘,u. .

L-Intrauterine 1nfections &ith Rubella, Toxoplasma, Cytomegalovirqs,

_~, i ¥ . .
L kY

and Herpes 31mp1ex have ‘been’ found ‘to cause elevated IgM levels. To, ..

A -t . -~

yﬁetermine mhat the actual infection ié it is essential to f&rst . .j.» oo

<

HA~'separate IgM from the other Ig and secondly ‘to test. thit‘IgM for speCific
8 ‘g‘ - Co i ' “A‘i ' f@g
2 % antibodies.,wThe demonstratlon,of specific antibodies in seru j(togetﬁea-

I % L . : . s
Y 7! ; g . L i
t?\£35§ection,-since TgG antibodies from prev1ous 1nfections of{*he mother“v'~* T
- . & ' : >

i . o . %“;l:;‘-.f‘
can cross the’ placenta (5) i

‘,m:h s - .- e . . \ *
SRR '”;,?s Since the IgM claSs contalns certain antibodies (e. g aﬁginst
et i \ S e .
gramanégatlﬁb bacterla ) wh1ch~are not present or are minimally present Ll
y 5 - S E Ly i . : R

P
.in the cher Ig classes,

-.p.. AN ,

. a ‘more. ther%peut1c~effeot than the ordinafy used gammaglobulln', -

enriched gammaglf
N

o

“ﬁ! S - a ,-,. Y .‘_4‘ . 9" S '_‘. ., . . ‘
preparationsitonta}ﬁiag only IgG In fact 1nfe0t10ns 1n'pat1ents w1th
y B4 r«, A O i ' .

o
M oo

i_ d?sggmmaglobulinemga and~agammaglobu11nem1a are- often prec1p1tated by

agaigs Pseudomonas, Salmonella ). .

L o~
Yy o2

-'1n these cases very useful‘both as a . .

Wil R

R4 ok Ly . . . . N
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. o v : . (‘ _ o .. . . .
therapeuticxﬁnd as a prOphylactic_agent. Other possible applicatioqg
include the therapeutic use of éhriched TgM-preparations in premagggf '

infants with physiological deficiencies in IgM production and,in - :_‘ -

¥ 4

paﬁients under, chemotherapy and immunosuppressiva, often associated- ‘ e
' wit)h a fall in serum Igﬁ’ (2, '3")"; 5 |
. {u° ’ Thilincreasing impdrtance oﬁ«IgM as a, putential‘therapeutic
agent and a diagnostic aid should be clear from the above discu551on.‘fv

\.] L -

It is equally clear however, that isolation of IgM for these purposes,g?
~ i3 Wiy
" . 4 NEEET & g S

'itechnique.' One Of"'v primary purposes behind the experiments described N

_vin thisﬂthesis” as to Purify normal humﬂﬁngM which ‘could then be used :
( either ghole, or after digestion and 1solation of specific IgM
fragments ) to stimulate the productiondof spec1fic anti~'human:IgM ;‘;i'_vpiiﬁ

antibodies.‘ As well the purified IgM could@?e used as the ligand on

\sdiid - phase 1mmunoadsorbent de51gned<for the purificetion of thdge

J

’ agti‘— humaéiIgM antibodxes* fA population of normal human IgM was -t g té[&
: desired in contradistlpctlon to a Pathological IgM ,'which could have-;{a‘ e

g v S, ‘ .
*Ig for these purposes. wOnce sufficient quantities of’anti - human IgM

Car ,.‘ e e i
..,nw-~,—v. ~r ! i Pt

o antibodies had been purified as descrihednabove’ TH 1mmunoadsorbent
4-——’#f~_,_

Yo
o R}

ot

“ employing those antibodies as ligands could be synthesized. Such an
g .

iiﬁnimmunoadsorbent might be used for the 1solataon of IgM‘élass antibodiesvf- S

ooy 1 o . . . .
i B . v\, ~l ' }-
from human ‘serum for diagnostic~purposes and Similar techn1ques‘éould

s

e
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e

be used for isolating and purifying IgM from other sources for

e .

therapeutic appllcations- EE o . : . ﬁ? |
As a general principle, f% should be stated that the use

v . ("

.
e
1

.\'\

79

-,chroﬂﬁtography, are llkely to’ supplant

classical protein puriflcatlon

.,“

— procedureswas~}he method of ch01ce for that purpose in the near future.

>

L AL
&, ; K‘h. -

M Lo M
The expéﬁiHEnts descrlbed in this thesis are representatlve of the”

3 v

1nitial steps that must be {fken - at thls t1me ) 1n4the development

of an adsorptlon purlflcatlon technlque for a speclflc serum protein

.

It 1s env1saged;that adsorptlon puriflcatlon prbcedures simllar to those

{;r ' )'.-
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