e e e v 3 e R Sy YR g I
: T e RIS SR R R T g

»

I

STUDIES on HUMAN IgD
MOLECULAR WEIGHT and SEDIMENTATION COEFFICIENT

AD 684466

II
STUDIES on HUMAN IgM
CHARACTERISTICS of PRODUCTS of MILD REDUCTIVE CLEAVAGE

Final Technical Report
by

D. S, Rowe, H. Isliker, F. Dolder and H. D. Welscher

Octabar 1968

W.H.0. International Reference Centre for
Immunoglsbulins

Institut de Bisehimie, Université de Lausanne
Lausanne

- -
g
NEE

A

LI

Best Avallable Copy

&-C-012¢
Contract Number DAJA37-

.
it e L

St

MAR 24 1969



I

STUDIES on HUMAN IgD
MOLECUTAR WEIGHT and SEDIMENTATION COEFFICIENT

II
STUDIES on HUMAN Ighi

CHARACTERISTICS of PRODUCTS of I:ITT REDUCTIVE CLEAVAGE

Final Technical Report

by

D. S. Rowe, H, Isliker, F. Dolder and H. D, %welscher
October 1963

W.H.0. International Reference Centre for
Imnmunoglobulins

Institut de Biochimie, Université de Lausanne
Lausanne

& (- 0136
Contract Number DAJA3T~-60-6=0103




R S et TR e e

oy ST G T g ‘uy»gg,

Introduction

TABLE OF CONTENTS

SECTION I - Studies on Human IgD

Materials and Methods

Results
Discussion
References

Figures

Introduction
Materials
Results
Discussion
References

Figures

SECTION II - Studies on Human IgM

10

22
25
31
33
34



INTRODUCTION

Immunoglobulin D constitutes a class of human immuno-
globulins which is antigenically and functionally dis-
tinct from the other classes currently recognized:

IgG, IgA, IgM and IgE. The antigenic distinctiveness
of IgD lies in ite heavy pclypeptide chains. IgD is
present in non-myeloma sera in a relatively small amount
but is not sufficiently different in its chromatographic
and other characteristics to permit its isolation by
physicochemical methods from IgA, IgE and IgG .63~ The
most convenient source of IgD for physicochemical studies
consists of D-myeloma proteins occurring in serum cf
rare patients with multiple myeloma. This paper des-
cribes the isolation of D-myeloma proteins from two such

sera and their sedimentation constants and molecular
weights,




-2-

MATERIALS and METHODS

Pathological sera. Sera from six patients were studied.
D-myeloma proteins isolated from the sera of two of these
individuals proved suitable for molecular weight studies.
The first was from patient Mi who has previously been des-
cribed as patient B.M. (2). The second was from patient Na
and was kindly provided by Dr. S. Barandun. Serum Mi had
been stored at -20°C for two years before analysis; serum
Na had been stored for approximately one month.

Fractionation procedure. Twelve ml of serum were dialyzed
for several iours against 0.01 M phosphate buffer, pH 8.0,
at 1°C. The serum was then applied to a column of DEAE-
cellulose Whatman "DE-32. microgranular" 1.5 x 25 cm and
eluted with phosphate buffer, pH 8.0, in a gradient from
0.01 M to 0.3 M using a Varigrad as previously described (1).
The eptical density of the fraetions was read at 280 mp and
fractiens oontaining IgD were identified by Ouchterlony
analysis using antisera specific to this protein. Appre-
priate fractions were pooled and uencentrated twv approx-
imately 3 ml by ultrafiltration at 4°C. The concentrated
fractions were then applied to the bottom of a column of
Sephadex G-200, 2.5 x 90 cm, in 0.05 M Tris buffer, pH 8.0,
containing 0.2 M NaCl, Fractions were eluted by upward
flow with the same buffer pumped at a flow rate of approx-
imately 2 ml per cm“ per hour. Optical densities were

read at 280 mp or at 2954 i in a "Uvicord" recording spectro-
photometer. IgD containing fractions were pooled and con-
centrated by ultrafiltration at 4°C. The concentrated pro-
tein was stored at ~70°C.

Preliminary studies showed that the D-myeloma protein in
one serum (Mi) was stable when separated under these con-
ditions., D-myeloma proteins from four other pathological
sera were unstable and were recovered chiefly as Fc-like
fragments eluted after IgG from the G-200 column. In a
series of experiments on one of these sera it was found that
the D-myeloma protein became split during the stage of
chrcmatography on DEAE-cellulose. A much greater yield

of unsplit material was obtained when all fractionation pro-
cedures were carried out at 4°C and in the presence of
epsilon-amino caproic acid (EACA). Serum Na was fraction-
ated in this way: 0.001 M EACA was added to the initial
dialysing buffer and to the buffer used to equilibrate and
elute the DEAE-cellulose column and suf{icient EACA was
added to the fraction collector tubes before fractionation
to render each fraction 0.01 M. The Sephadex G-200 column
was equilibrated with buffer containing 0.01 M EACA.
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Preparation of IgG. IgG was prepared by chromatography of

pooled normal human serum on D3AE-cellulose.: The serum, dialyzed
against 0.01 !1 pH 8.0 phosphate buffer was applied to the column
and IgG was eluted as a single peak using the same buffer. This
IgG was passed on a Sephadex G-200 colum equilibrated with

0.05 ¥ Tris pH 8.0 containing 0.2 M NaCl. Fraestions from the

top of the peak were used for ultracentrifugal analyses.

Ouchterlony and immunoelectrophoretic analyses were carried out -
using standard teshniques. Antisera to IgD were prepared to
D-myeloma proteins S.J., and Mi in sheep and rabbits, and were
rendered specific by absorption with IgG or with normal human
serum deficient in IgD (1). Antisera to other immunoglobulins
were prepared in sheep and rabbits and rendered specific by
absorption as previously described (3). Horse polyvalent
antihuman serum was obtained from the Institut Pasteur (batch

No. 223+419) and from Sevac, Prague (batch No. EL 15).

Quantitative radial diffusion tests for IzG, IgA and Igii were
carried out by a modification of the method of lancini et al.

The provisional standard used for calibration has previcusly
been described (3).

Ultracentrifugal analyses were performed in 0.05 M Tris-HC1l
buffer, pH 8.0. containing 0.20 }M NaCl at rotor speeds of .
44,770 rpm in a Spinco model E ultracentrifuge. Molecular
weights were determined by the approach to sedimentation
equilibrium method of Archibald (4) on proteins previously
equilibrated against the same buffer.

Protein concentrations ¢f the isolated D-myeloma proteins were
calculated from optical density at 280 mp

. lem 1%
gE 280 * - 13‘53




RESULTS

Isolation of D-myeloma proveins. Two dreparstions (A and B) of
D-ryeloma protein were isolated from tvro samples of szerum Mi.
Figure 1-1 shows the chromatographic separation on DEAE-
cellulose for subsequent purification. TFigure 1-2 shows

the separotion of this material on Sephadex G-200. Fractions
of the firct part of the second poak were found to be free from
IgG and other plasma proteins and wee pooled for the subse-
quent ncnalyses. Immunoelectrophoretic analysis (Fig. 1-3)
shews that after chromatography on DEAE-cellulose, the D-myeloma
vrotein ¢ preparation Mi(A) was of identical mobility to the
rrotein of unfractionated serum. Hovever, after fractionation
on Scyndex G-200 and subsequent concentration the myeloma pro-
tein was nore positively charged than the myeloma protein in
the unfractionated serum (Fig. 1-~4). Similar analyses of pre-
poration B showed no change of charge after isolation. The
reason foi the difference between the two prevarations is not
clear, However, the various stcgos of isolation were carried
out more rapidly in the casc of prevaration B.

One preparation of D-myeloua protein was isoiated from serum Na
and the chromatographic separations are shown in Figures 2-1
and 2-2, This preparation appearcd to be of identical electro-

phoretic mobility with the D-myeloma protein in the unfractionated
serun (Fig. 2-3).

Quantitative radial diffusion analyses of the isolated proteins
showed only trace contemination with IgG and Igtr (Table 1).
Immunoelectrophoretic analyses of these preparaticns at a con-
centration of 11 mg/ml using polyvalent antisera to humen serum
rroteins showed cither no precipitation lines or a faint line

identical in clectrophoretic mobility with that producecd by an
antiserum to IgD.

Determination of scdimontation constants. The isolated proteins
sedinmonted as single homogencous peaks (Figs. 3-1 and 3-2).

The concentration dependence of the sedimentation constants of
D-ryyelona protcins Mi(B) and Nz, and of IgG prepared from ncr-
mal human scrum arc shown in Figure 3-3. Scdimentation con-
stents at infinite dilution werc obtaincd by cxtrapolation of the
calculated rogression lines and arc shown in Table 2,

Molecular weight detorminations. The threc D-mycloma and the IgG
preparations were studied by the approach to sedimentation egwi-
librium metnod. The results arc presented in Table 2. The
values determined at the meniscus and bottom of the ccll agreed
within 4% of the average values, which is a good indication

of the rolecculer homogeneity of these preparations.




Teble 1

Protein and immunoglobulin concentratidns in
myeloma sera and isolated D-myeloma proteins

Total protein”) 14G Igh Igh
mg/ml mg/ml ng/ml ng/ml
Serum Mi 2.8 0.16 0.04
MP Mi(A) 8.0 0.04 0.03 £ 0.006
Serum Na 3,2 0.24 0.06
MP Na 11.0 0.05 0.04 £ 0.006

%*
) Total protein from optical density at 280 mp. MP Mi(A), MP
Na arc myeloma proteins of figures 1-2 and 2-2, respectively.
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Iable 2

Sedimentation constants and moleccular weights of
D-mycloma proteins and of IgG

D-myecloma prqteins - IgG
Mi(A) Mi(B) Na
. *
s égz‘{gg) 6.4 6.9 6.64
WA 179,000 162,000 184,000 161,000
, MW, | 193,000 185,000 182,000 162,000
{ average 186,000 163, 500 183,000 }61,%0

Molecular woightvaWm and Mwb obtainod by sedimentation equi-
librium from measurcmonts at thc meniscus and the bottom of the
cell, rospectively. ’

*) Valuos obtained in two measurements at E ;gg = 5.0
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DISCUSSION

IgD is d4ifficult to isolate from normal human serum. It is
present in smoll amount (median concentration 0.03 mg/ml) and
it is difficult te separate from IgG and IgA (1). Myeloma
proteins, therefore, provide the most suitable material for
physigochemical and other asnalyses.

D-myelomﬂ proteins, 28 well as the IgD ef normal serum, arc
frequently found to be unstable on storage,(3, 6, 7). In the
present work instability was chiefly apparent during. fraction-
ation and tmok the form of splitting into low molecular weight
fragments, which ocourred especially during chromatography on.
DEAE-celluluse. The fragment carrying the specific deter-
minants of IgD migrated further toward the anode than the in-
tact protcin on immunoelcctrophoretic analysis. This frag-
mentation did not occur ir all sera, When it did occur it
could be largely prevented by performing all fractionations

at 4°C in the presence of epsilon-amino caproic acid. Split-
ting of this type has been noted also in unfractionated sera
in our collection, It occurred in scrum SJ (8) and in ather
serum samples. A sccond change, which was observed to mccur
during fractionation, was that of increas~d positive charge. of
preparation 4 nf D-mycloma Mi. (Fig. 1-4). Since the molecular
weight of this preparation was not demonstrably different from- -
that of preparation B of D-myeloma Mi, which showed no change
of mobility, this change could not be due to loss of a large
fragment from the IgD molecule. This type of change has not
been observed to occur in stored srum or during dlgestlon by
papain or pepsin.

The sedimentation constants of the two D-myeloma proteins, ’
extrapolated to zero concentratinn, were 6.14 and 6.19. - The -
concentrated depemdence of sedimentation constants of each of
the proteins was also virtually identical (Fig. 3-3).. These
values are based on analyses performed at pH 8.0 in Tris HC1 _
buffer I = 0.25, At this relatively high pH a charge effect -
might occur; which could lead to a reduction of sedimentation
rate. However, IgG from normal serum run under the same condi-
tions was found to extrapelate te 6.64S. Lower values for the
extrapolated sedimentation cons‘a-t of some D-myeloma proteins
cémpared with IgG, have been reported by Hansson et al (9). How=
ever, simmlarity of the twe proteins Mi and Na contrasts with
the differences of sedimentation constants (6.19, 6.54 ar'l 6.67 ~
S°20w) of three D-myeloma proteins reported by these authors.

Rowe and Fahey previously reported a sedimentation constant c- B
7.04 for D-myeloma SJ (8).

(,

The reason for the differcences of sedimentation constants repbrted
for these proteins is not clear. They may arise either from dif-
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ferences between individual D-myeloma proteins or from differences
in the methods of preparation leading to changes in the molecules,

The molecular weights of the two D-myeloma protoins average
184,000, The two proteins gave almost identical molecular
weight values, IgG from normal serum under the seme condi-
tions had a molecular weight of 164,000, The high molecular
weight of IgD compared with IgG is oonsistent with its carlier
elution from Sophadex G-200 columns. It contrasts with the lower
values for the sedimentation censtants eof IgD cumpared with IgG
and indicates that IgD may be a morc compact molecule than IgG.
The reason for the higher molecular weight of IgD is unknowm.
Delta heavy chains may be heavier than gamma chains or the mole-
cule may include significant carbohydrate or other prosthetic
grours.
The role of IgD in the immune response is as yet unclear. IgD
comprises only a minor componcnt of the total immunoglobulins.
Increased plasma IgD is found occasionally in chr¢mic infections
and frequently in kwashiorkor, and in plasma from African chil-
dren. No specifie antibody has yet been demonstrated within
tho IgD class but in view ef the heavy and light chain structure
of this protein and of its synthcsis in plasma vells it is likely
that antivodies do- eccur (10). Knowledge of such biological
charactoristics of the class as tissue binding and the capacity
of aggregates to fix complement, and alter vascular permeabilii
is, therefore, important in o study of this class. Such studies
are now in prngress on the isolated proteins. In addition,
_ the predominance of type L chains among D-mycloma proteinsl(7)
and in plasma cells synthesising delta chains (11) is unique
among the immunoglobulin classes and indicates a special re-
lationship of delta to lambda compared with kappa cheins.
This relationship may be due to a prefercntial binding by delta
chains of lambda rather than kappa chains. Recombination studies
with isolated chains are, thercfcre, planned.
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Fig, 1-1, DEAE=cellulose chromatography of myeloma serum i(A)
Fractions 55«61 as indicated by the horizontal lines, were pooled,
Quchterlony analyses for transferrin (Tf), IgD and @,-macro-
globulin (o:z-M) gave. positive precipltin lines in thé indicated
fractions,
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Fig, 1-2, Sephadex G=200 gel filtraticn of IgD containing
fractions from Fig. 1l=1. Fractions 48-52, as indicated by
the horiztonal line, were pooled and used for physicochemical

analysis,
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Fig, 1=3, Immunoelectrophoresis of myelcma protein Mi(A) after

DEAE-cellulose chromatography. The IgDh fraction of Fig, 1-1

at 10 mg/ml as compared with unfractionated serum Mi(A). NS is
normal human serum, NS is the myeloma serum, MP the partially
purified myeloma protein, a=NS is antiserum to human serum
proteins, a~IgD is specific anti-IgD serum,

- . B T R .. .
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Fil' o 1 "’4 .
e N S-S
Sephadex G~200 gel filtration, The IpgD fraction of Fig, 1=2

at 8 mg/ml as compared with unfractionated serum nNi(A), NS is

normal humsn serum, M8 is the myeloma serum, MNP the purified
myeloma protein, a-x$S is antiscrum to human serum proteins.
a~Igh is specific anti-lgD serum, '
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Fig, 2-1, DiEAE=cellulose chroiatography of myeloma serum Na,

Fractions 35=-42 were pooled,

80
tube number



Fig, 2.2 Scephadex G200 gel filtration of IzD containing
fractions from Fig. 2-1, Fractions 43.46 wore pooled,
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Figp, 2%, Immunoclectrophoresis of unfractionated and fractione

ated scrum XNa, MS is myeloma scrunr Na, MNP is myeloma protein
Na after Sephadex G=200 gel filtration (IgD fraction of Figp,
2«2 at 11 mg/ml), a=-Igh is specific anti-Igh serum,

.
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Fig, 5«1, Scdimentation pattern of mycloma protein Mi(3),

The analysis was carricd out at 44,770 rpm and at 20°C in

0,05 & Tris IICl buffer, pil 8,0, containing 0,20 4 NaCl, The
protein concentration was 12 mg/ml. The photograph was taken
65 minutes after reaching speed; sedimentation is to the right,
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Fip, 3=2, Sedimecntation pattern of myeloma protein Na. The

conditions are the same as for protein Mi(B) in Fig, 3~1. The
protein concentration was 8,2 mg/ml and the photograph was toalken
90 minutes after reaching speecd; sedimentation is to the richt.
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Fim, 3=3%. Concentration dependence of the sedimentation constants
of Lemycloma proteins and I;G, Pooled human 1eG (G-~-n---5—*~)’

myeloma protein ia (0===0mmcpmun) and myeloma protein Mi(3)
(ccbucngmun), All experiments were performed in 0,05 3 Tris

HC1 buffer, pi! 8,0, containing 0,20 i+ NaCl, the viscosity
correction factor being calculated as for 0,25 M NaCl,

EZSO
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PROJECT ON Ig:

INTRODUCTION

The full understanding »f the rrle of human IgM antibodies in the
immune respsnse is dependent inter alia, on a knowledge of how
this prrtein is assembled from its constituant polypeptide chains
into subunits, »f molecular weight about 160,000, and from five
subunits into the 19 S Igi molecule of molecular weight 8 tn
900,000, It is als> relevant t~ inquire which functions ef the
19 S molecule are retained in the subunits and which functiens
require association ~f subunits for their activity. This latter
question is the more important since circulating subunits have
been demenstrated in certain diseases, including recently in

trypanoscmiasis, which is 2 disease of special interest to this
laboratory.

The long term aim of the study of IgM in this laboratory is to de-
fine function in terms of strmicture far a variety of Igi anti- :
bodies, The wrrk which is reported here is a necessary prelimin-
ary to the biological studies. Thus, although a number of bio-
logical studies have previously been made ~f IgM subunits, little
attempt has been made to assess the degree of denaturatien (due

to reductiort of intrasubunit disulphide bends) of the subunits,
which can be produced by reductive cleavage. Research is, there-~
fore, concentrated on the investigation of mild reducing agents
for the production of subunits and an the characterization of the
subunits s¢ prrduced in terms ef the numbers of cleaved disulphide
bonds. This study will be of importance a. with respect te the
study of the biolmgical properties of minimally denatured subunits,
b. -rith respect to the characterization of the number and site of
the intersubunit bonds present in the 19 S molecule. The study
has been carried cut en three examples of Waldenstrém macroglo-
bulins, which can be cbtained as homogencous proteins of high
purity.

Previous studies e¢f human Waldenstrdm macraglcbulins by Suzuki and
Deutsch (1) and Chaplin et 2l (2) have shown that one molecule of
19 S Igif contains 65 tn G2 SS-bridges. Under the usual condi-
tions ~f reduction of the SS-bridges by apprcpriate concentrations
of seme aliphatic thiols, it is prssible te cleave eut of the set
of about 70 SS-bridges an average number of 24 to 25, This number
is sufficient not only to obtain five subunits ef a molecular weight
of 160,000 but als~ to separate all of the different pcIypeptide
chains (heavy er p chains, light K or A chains) f the molecule
without any further procedure involving reduction. It can, there-
fore, be assumed that these 24 SS-bridges account fer all of the
interchain bonding in the Igi: molecule.
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On the basis of these findings Miller and Metzger (3) proposed

a number of differcnt models for the arrongement of polypeptide
chains in the IgM molecule (Fig. 1) and some additional informa-
tion has been obtained by electron microscopy performed by Svohag
(4). These latter deta suggest that the circular models (model

D, B, ?) are moro probable than the lincar arrangoments (modol

In recent ycars particular interest has becen focussed in develop-
ing rcduction methods which affect less than the usual 24 SS-bonds
per 19 S molecule and which result in the formation of the above
mentioned five subunits of molecular weight 160,000,  Theoret-
ically, this could be achieved by cleaving 5 or 10 intersubunit
SS-bonds in the ecircular models or by cleaving 4 or 8 SS-bonds

in the linear arrangements (sec Fig. 1).

In terms of biological activities such a mild rcduction should
produce & subunit of approximately 160,000 molscular weight con-
siderably different in conformation from the usually produced
subunits. Such "native" subunits would be optimal for the study

of biological properties such as complement fixation activity,
combination with antigen, etc.

Not many promising results, however, have been prescnted in this
field up to the present time: Miller and Metzger used cysteine
as reducing agent and found that a maximum of 24 frec sulph-
hydryls per IgM molecule were formed during the recaction. How=
ever, the number of moles of SH varied considerably and appeared
to decrensc with incrcasing time of exposurc to reducing agent.
Although the isolated subunit scarcely dissociated at all into
heavy and light chains when gel filtered with propionic acid

as solvent, the number of clcaved disulphide bonds was not con-
clusively determined. The method had another technical draw-
back since it did not allow analysis of the reduction products

by means of amino acid analysis, since disulphide interchange

and formation of mixed disulphides involving the reducing cys-
teine could considerably affect the results of the cysteine ana-
lysis, This method has been investigated further by Miss Shirley
Miekka, who in turn found a minimal number of 4 sulph-hydryls
being freed during the reaction por subunit. This finding would
point rather to model D or F being the appropriate one (8).

Another method has been recently presented by Harboe (5) involving
dialysis at low temperaturc against a solution of mercapto-
ethanol. However, no statement as to the number of disulphidos
cleaved during this reaction has beon presented, the only covidence
for the intrasubunit disulphides remaining intact being again the
stability of the reduccd products on gel filtration in propionic
acid. This method has been checked in this laboratory but its

specificity for intersubunit disulphides has not been confirmed
(sce Results).

Almost simultancously with our work, liorris and Inman (6) reported
on o method uaing moreaptoethylamine as 2 reducing agent., Analysis
of their subunits indicatcd 2 to 3 SH clenved and alkylated per sub-

unit under their conditions. Somc comments on these rasilts will
be presented below.
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MATERIALS

Preparations of Igh, Waldenstrdm Ighi was preparcd from three
different sern (lia, El, La) in the following way: the crude
serum was diluted with a sixfold volume »of distilled wnter for
euglobulin precipitatinon; olternatively, the serum weas dinlysed
agninst distilled water. The precipitate wos redissolved in
0.25 M Tris/NnCl pH 8.0 nnd this proccdurc epeated usually
three times. Proteins El1 and La were passed through o Sepha-
dex G-200 column, If subscquently, the pure 19 S componcnt
was . required, the native Igli preparation was passed through a
column of Sepharcse-4 B. A4ll gel filtration procedures were
done on gels previously equilibrated agninst Tris/MNaCl buffer
of an ionic strength of 0.25 and a pH of 8.0. Concentration
of the fractions were routinely performed by pervapsaration of
the preparantion in an appropriate piece of "Visking" dialysis
tubing,

Reduction methods. If not otherwise stated, the conditions werc
as follows: the approprinte concentrations of thiols were added
to & 17 protein solution in 0.25 1 Tris/NaCl buffer and the re-
action allowed to continue at room temperature, carce being tnken
that there was no access of air during the whole process. For
determining the rate of formation of 7 S material, samples of

10 ml of the reaction mixture werc taken at different stages

of the process and alkylated os indicated below,

Alkylation procedurc. Threce different methods werc used for
alkylation of the SH groups frced during reduction: 1, if no
previous separation of the cxcess reducing thiol was required,
alkylation was performed by cdding iodoacctamide in a,1Cx% cxcess
ovor the molarity of the reducing thiol, e.g. giving a concen-
tration of indoacetamide of 0.22 }i in the case of the reduction
with 0.2 M 2-mercaptopyridine (sce below). The pH was adjusted
at 8.0 by adding solid Tris and the reaction n~llowed to continue
for 15 minutes; 2. 1 ml of the renction mixture (10 mg of pro-
tein) vas dinlysed against 2 liters of » solution of 0.001 i
thiol for two hours, giving n concentrntion of the thiol at
equilibrium of 1,1 X 10~3 molar. Alkylntion was then performed
by adding 0,1 ml of a 0,016 I. solution of iodoncetanide in
Tris/NnCl buffer to give a final concentration of 0.0016 M
iodoacctamide, the pH being adjusted ot 8.0 by adding solid

Tris as mentioned alrecady above. Alkylation was allowed to
continue for 90 minutes nt rrom temperanture; 3. 1 ml of the
renction mixture (10 mg of protein) was passed through 2 Seph-
adex G-25 column, which had becen previously equilibrated with
0.001 M solution cof the corresponding thiol. The flow rate was
adjusted at 120 ml per hour and the protein containing fractions
wns obtaincd after 20 minutes on the column, The protein frac-
tions werc concentrated by pervaperation, this procecdure taking
again two to three hours. Alkylation was performed as indicn-
ted nbove under (2). In all three alteornative cases of the
alkylation proccdurc, samples were dialysed subscquently against
0.25 M Tris/NaCl buffer for 24 heurs. The twe latter procedurcs
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were investi,ated with the object nf avoiding the use of high
concentratinns of alkylating agent, which would be inconven-

ient when using radioactive alkylating materials as planned in
future experiments.

Rote of the formation of 7 S material. The percentage of reduced
subunits preduced during the reduction was estimated on analytical
ultracentrifuge runs performed an a Spinco llodel E ultracentri-
fuge at 44,770 rpm., Usually, 0.5 ml of the alkylated sample

was centrifuged and the relative amounts of 19 S compared to 7 S
material was calculated.

Kinetics of the formation of free SH groups was done following the
procedure of hiller and lMetzger (3). 0.5 cc nf the reaction mix-
ture (5 mg of protein) was precipitated and washed five times with
an equal amount nf trichloroacetic acid. After a final centri-
fugation at 15,000 rpm for 30 minutes, the precipitate was re-
solubilized in 5 M guanidin. The protein concentration of this
solution was determined from the optical density at 280 mu.
Subsequently, the sample was mixed with an equal volume of a
solution containing 5 x 10-3 M dithiobisnitrobenzoic acid (DTNB,
Ellman's reagent) and the optical density read at 412 mp. The
amount of SH equivalents was.caleulated on the basis of an ex-
tinction coefficient of the reduced form of DTNB of 13,600 it

412 mp, and the SH equivalent referred t» the actual yield of 7 S
material present in the final stnge of the reduction, usuclly

35% in protein Ma.

Dissociation of the protein into p (heavy) and light polypeptide
chnins. The different reduced and alkylated subunits were dia-
Iysed overnight against formate buffer pH 3.5 of an ionic strength
of 0.02 and passed subsequently on a Sephadex G-10C column equi-
librated against the same buffer. The different fractions were
tested for n and light chain determinants bty Ouchterlony double-
diffusion analysis using a gel system containing ls. agarose in

0.1 M barbitol (pH 8.2) and appropriate antisera specific to a

or light chain determinants.

Ultracentrifugal analysis: determination of S’Ov values were per-

formed routinely on 7 S material previously dTETysed against 0.25
M Tris/NaCl buffer pH in a Spinco Model E ultracentrifuge at
44,770 rpm.  For extrapolation to infinite dilution protein con-
centrations were determined by measurements of the optical density
at 280 mu. An extinction coefficient of 12.0 for a ljp protein
aolution was used (Miller and iwetzger (3)).

Optical rotatory dispersion of some of the different subunits was
monsurcd between 215 and 315 ma on o Perkin-Elmer P 22 spectro-
polarimeter, using cells of 0.2 and 0.02 cm length. Values
lower than at 215 mu werc not obtained since the high extinection
of the sample did not allow measurcments with recadnable accuracy.

(These measurcments were kindly performed by Bodensecwerk Perkin-
Elmer).
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The observed rotations,ah, were convorted bo specific rotaticac
L %, » and then into /R'/ by the formulae:

[a7 @5 .100 w7 5 N
af e —— [RIA === —= [0
M v (g/109m1) M n“42 200 A

where the refractive index; n, was taken as 1,%3 from 350 to
260 mu and as 1.37 below 250 mu (9). A mean residue weight,
1, of 108 (10) was used for all reduced subunits of Ig!.

Peptide mapping and diagonal electrcvhoresis of cystein peptides.
Since we are planning to characterizc the intcrsubunit as bonds
in terms of their surrounding pephtides, preliminary cxverimernts
have been staged on tryptic digests c¢i the native Ipll prepora-
tions as well as on the different subunits., Usually, digestion
was continued for 24 hours at 37°C using {wice crystallized iryp-
sin (Difco) in a final protein enzyme raiio of 50:1. If not
otherwise stated, half of the a2mount of the enzyme required was
added for the initial 6 hours, the rinal amcunt being added cnly
after these 6 hours. Under these conditions no trypsin auto-
y1lsis products were detectable. In rcie cases, cspecially for
native Igi preparations, a preliminary treatment with perform? .-
acid and trichlornacetic acid is adrisable,

For obtaining the usual two-dimensionnl peptide maps chremato-
graphy on Whatman 3! paper was performed using tutanc1l/acetic
anid/bater 3:%:1 as solvent system. The subsequent electro-
phoresis step was carried on at pi 3.5 in nyridine facetic acid,
using a voltage of 3 kV for 55 minutes.

Further studies on the cystein containing peptides were performed
using the method indicated by Brown crd Hartlecy (7. Usunlly,
both electrophoresis steps were performed in o ryridine/scetic
acid system at pH 6.5 using a voltoge of 1 kV for 472 heurs.

We are planning to further extend there investigaticns by usins~
€14 1abelled peptides and characterizing the active carbexy-
methylcystein containing poptides by neans of autoradiography.
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RESULTS

Subunits of different size have been isolated and characterized
by Hiller and Metzger (3) and Suzuki and Deutsch (1). In our
attempts to develop a mild reduction method that leaves the
intra-subunit SS-bonds intact, we tried a numier of thiols as
reducing agents in which the SS-group was linked to a hetero-
cyclic pyridinc or pyrimidine ring system. Thesc substances
promised a rather mild reduction, since similar thiol~s had been
shown to display rather modest redox potentials: thiohistidin -
0.009, 4-methylthiouracil + 0.01l, - 0.2 V as compared to cys-
tein used by Miller and kMetzger -0.50 V. In addition to this
feature, in heterocyclic thiols with the SH adjacent to nitrogen
a tautemerism effect was cxpected to render the reducing prorer-

ties of the SH-group even more feeble, as e.g. in 2-mercapto-
pyridine:

i /J = I,

These theoretical considerations could be partly confirmed (see
below) but it turned out to be rather difficult to find appro-
priate thiols of the atove mentioned structure which had good
water solubility. After experiments with dimercapto-pyrimidine,
thiouracil and others, the most approrpiate reducing agent of that
class of thiols was found to be 2-mercaptoryridine, which is sol-
uble in saline solutions to a limit of around 0.3 M.

Rate of fermation of subunits. Since it was important to dis-
tinguish thecleavage of intersubunit disulphide bonds from that
of intrasubunit disulphide bonds, efforts were made to determine
the minimum concentrations of the hetecrocyclic thiols which
would cffect cleavage of 19 S components into their reduced sub-
units, The minimum eoncentratien of 2-mercaptopyridine required

to disseciate the native IgM with a reasonable yield at pH 8.0
and 23° was found to be 0.2 M,

Rate of formation ¢f 7 S and the rate of disappearance of the

19 S component of three difforent Igh preparations treated in
this way, was studied. (No components sedimentation between

19 S and 7 S wore observed after alkylation). The data of
Table 1 and Figures 2 and 5 show that whon the logarithm of

the residual 19 S component is plotted agninst time of roduetion
n straight line is obtained for the reduction with 0.2 M 2-mer-
captopyridine of all threce Waldenstrdém macroglobulins, This
indicatos that tho formation of subunits is n first order 10«



action (for protein Ma nt least during the first 24 hours of the
reduction). The rate constants were calculated to be of the
order of 3.23 x 10-6 sec~l for Ma, 8.80 x 10~6 for La and 1.65

x 10-5 for El protein at 25°C. It is a striking feature that
these values arc by a factor of 103 smaller than the rate con-
‘stants calculited for reductions with mercaptoethanol or similar
aliphatic thicls. (Suzuki and Deutsch (1)). Thus the observa-
tion of Suzuk. and Deutsch that the reduction of Igl to form sub-
units is a relatively fast rcaction, must be limited to reduction
using strong aliphatiec thiols as reducing agents.

Rate of formation of free -SH. It was found that the mild re-

. duction using 2-morcaptopyridine produced an amount of SH equi-
valents, which was at the limit of detoction of thoe DTNB method.
However, some semi-quantitative results were nobtained by the
comparison of the titraiion of SH-groups in subunits trented
with dithiothreitol (known to cleave 24 SS-bonds) and subunits
treated with 2-mercaptopyridinu. Whereas dithiothreitol prod-
uced a total of around 10 free SH per IgM subunit, 2-mercapto-
pyridine yielded only much lower amounts (velues lower thgn 2
-SH per IgM subunit, SH~- concentrations of around 5 x 107" equi-
valents per ml of reaction mixture). (Figs. 6 and 7). It
should be pointed out, however, that these findings were based
exclusively on protein Ma and that they need con-

firmation either by analysis of carboxymethylcystein or by in-

vestigation of the resistance of the subunit to acid treatment
(see below), '

Physicochemical analysis of IgM subunits prepared with 2-mercapto-
pyridine, The data of Table 2 indicate that all the subunits
prepared with one of the three "mild" reduction methods display
rather high sedimentation rates as compared to the subunits
isolated recently by Morris and Inmann (6) and described as
having only intersubunits disulphides cleaved. Compared with
the subunits of IgM prepared by Suzuki and Deutsch (1) our sub-
units would be of the order of 8 S rather than of the order of

7 S (using the terminology of Suzuki and Deutsch). Whether
this can be accounted for by the postulation of Suzuki and
Deutsch of one additional light polypeptide chain per subunit

is still not known. At the present time, we have no evidence
of the existence of such an additional light chain in any of our
three Ighk preparations. '

Rosistance of Igh subunits to acid treatment. The scparated

7 S material from protein Ma was dialysed exhaustively againt
0.02 u formate buffer of pH 3.25. It was found that this was
o critical ionic strength which gave best chain separations.
‘The dialysed material was passed on a Sephadex G-100 column
equilibrated against the same buffer and the different fractions
were characterized by antisera. The dithiothreitol trerted
material eluted as two peaks, the ratio between the peaks being
of the order of 4:1. The first peak was found to contain n




chain determinants only, the second peak K chain doterminants
only (Ma protein was of light chain typeK ).. The acid treated
subunits prepared with 2-mercaptopyridine were run on the iden-
ticel column which had been used for the ITT trecated material.
It was found that the isolated 7 S peak from 0.2 M 2-mercapto-
pyridine eluted as one single peak on G-100,. This peak con-
tained both M and K chain determinants. This was good evid-
ence of the fact that some intrasubunit S5 -bonds were not
cleaved under these conditions and that, in fact, a more native
?ubunit)was obtained than with some other reduction methods
Fig. 9). '

Conformational analysis of the Igll subunits by means of Optical
Rotatory Dispersion (ORD). ORD spectra were cbtained for com-
paring the differently prepared Igli subunits in terms of second-
ary structure. No qualitative changes, however, could be ob-
served with ,02 cystein treated and non-selectively reduced, sub-
units (.001 DTT, .2-mercaptoetianol). The only striking feature
was the extraordinarily high mean residval rotation [§17 of the
cystein treated and supposedly mildly reduced subunit, which
attained a value of around ~-2300° at the wavelength 233 mu. On
the other hand, supposedly non-selectively reduced subunits,
achieved values of only 1350° and 1250° respectively.  Wacther
this differentecan be positively interpreted as the mildly re-
duced subunit heving retained a relatively higher amount of
&-helix as compared to the ron-sclectivecly reduced subunits, is
not known at the prosent time. It can be noted, hewever, that
the values of 1350° and 1250° ~f the D77 reduccd subunits com-
pare well with the maximun mean residue rotaticn ¢f normal human
IgG at the wavelength of 233 ma, this latter being around 1600° (S).

On the other hand, all different IglM subunits showed a slight
Cotton-cffect with a maximum at the wavelength of 285 mp.  Al-
though this effect has been attributed to the rotation of SS-
bonds, no change was noted between cystein treated and DIT treated
subunits. It must be borne in mind, however, that this effect
was relatively feeble and difficult to measurc, and that no dif-
ference between the three kinds of subunits could be noted. 1t
is interesting still to notice that this second Cotton~effect
occurs at o considerably lower wavelength in normal human IgG

(245 mu),



Table 1

Rate of formation of IgM subunits by
reduction with 0.2 M 2-mercaptopyridine

The numbers indicated are in arbitrary units and represcent tho

arca of the ultracentrifugal pecaks of 19 S and 7 S components
respectively.,

PROTEIN Ma
Alkylation with 10% cxcess of iodeacetamide

Time Amount of Amount of Yield of
19 S 18 7 S_component %
30 min, 182 5 2.67
1 hr. 172 5 2,97
134 3 2,22
2 hrs, 218 10 4.47
4 " 138 11 T.4
8 110 13 10.5
g " 163 21 11.4
12 v 108 19 15,0
16 " : T3 15 17.0
20 " 123 26 17.5
24 " 107 28 20.7
125 31 19.9
127 40 24.0
56 14 20.0
96 " 13 26 37.6
45 20 21.0
Alkylation with dialysis of cxcess thiol
60 hrs, 45 19 29
84 " 31 15 32
108 ® 712 40 3
.. ¢ 22 24
132 38
38 29 3 0
Alkylation using G-25 filtrations
60 hrs. 28 14 33
28 16 36
108 " 43 28 39

4 26 21 40.0
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Table 1
(cont.)

PROTEIN El

Alkylation with dialysis of excess thiol

Time Amount of Amount of Yiecld of
19 8 1S 1_S_component %
21 hrs. 23 5% 70.6
: B e
* 71.6
10 24 70.5
24 " 10 31 75.6
10 36 78.3
12 Al 7.4
12 39 76.5
11 41 78.8
10 32 76.% T7.2
22 76 77.6 75.9
27 70 T2.2
18 56 75.5
25 79 76.0
23 58 7.7  74.6
PROTEIN La
14 hrs, 95 75 4.1
% g 85
108 .
| 6 171 96.7 967
86 10 178 94.7
15 181 92.4 5.5



-30-

Table 2

Sedimentation properties of IgM subunits

(a) Experimental values Alkylation procedure (see page 13)
(1) 110% (2) aialysis (3) Sephadex
G-25

02 l\l 2"'1‘/1 .d. . 2 [} ]

It 2-MPyridine 6.8 1 7 364 6 894
.02 M Cystein 6.285 7.304 6.904
.1 M mercaptoethanol at 4°C 6,892 : 6.814 7.094
mercaptoethylamine 6.45 ta 5.35

(Morris and Inmann)

All experiments were staged on 1% protein solutions at pH 8.0.
Morris and Inmann worked with protein concentrations of 4 mg/ml.

The subscript to the right of the sedimentation rate indicates
the number of runs on which the calculations are based.

(v) Calculated sedimentation properties at infinite dilution

1, Present data(*)

0.2 M 2-MPyridine 7.62 8.16 7.69
.02 ¥ Cystein T7.08 8.10 T.70
.1 M mercaptoethanol at 4°C T7.69 7.61 7.89

— (**)
2, Horris and Inmann (6)
mercaptoethylamine 5.75 %0 6.85

(*) For infinite dilutions one has to add an average increment of
+.70 to .90 to the experiemntal values obtained at 1% protein
concentrations. (1 and own calculations).

(#*) In this case, where the protein concentration was 4 mg/m1,
an increment of .35 has been added.
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DISCUSSION

Amongst the different reduction methods of Waldenstrdm macro-
globulins published to the present time, the reducticn with
2-mercaptepyridine offers some unusual characteristics: where-
as all other reductions involving thiols as rcducing agents

(1, 3, 5, 6) were found to have rate ccnstants cf the order of
k= 10-3 sec-1l, aur method has a particular’ly lew rate constapt
of the order ¢f k = 10-6 sec-l, i.e. lower by a factor of 107.
For the first time it can be pointed ou:, therefnre, tha’ not
all reductions with thiols are necessarily fast reactions, as
has been stated, e.g. by Suzuki and Deutsch (1). But, while
the drawback of our methed in preducing low yields after enly
short time periocds can be overcome by an appropriate increase.
of the reaction time, the small k value can, on the sther hand,
be interpreted as a sign of particularly mild conditions, which
in turn are apprepriate for retaining cenformational and bie-
logical prrperties of the native protein. While any other Af
the "milder" reduction methods (Miller and Metzge>, Farbo, Morris
and Inmann, liiekka) use thinls with relatively high rcdrx poten-.
tials and are, therefrre able ts produce 2 cta’istical cleavage
of perhaps all SS~brnds, our methnd has been designed especially
for selecting a subpspulation of the mest reactive and labile
SS-bends, which are still able to be reluced by the low redox
potential of our reducing agent.

A comparisen cf the "mildly" reduced subunits of Igh in terms ef
moclecular size and SS-bridges actually involved in the reduction
procedure is »specially difficult since the different authers
active in this field dr not use identical criteria for character-
izing their products. Miller and Metzger (3) referred their cal-
salatiens cf freed sulph-hydryls to a meleculer weight «f 908,000
for the entire IgM and paid little attenticn to the molecu.ar size
of the subunits actually formed in their attemps at "selective"
reductisrn. No assay of SH-centent has been prescnted for the
methed invelving dialysis at low temperature (Harbow (3). No -
informatien en the molscular size could be obtained at the present
time fer the investigation with cystein performed bty iliekka (8).
On the cther hand, Merris and Inmann (6) accepted a value of
160,000 m~rlecular weight for their subunits making them calculate
a value of 2,3 sulph-hydryls per subunit. It seems, however,
that the subunits »f these authors could differ considerably in
molecular weight frem the subunits fcund after ¢ ceduction with
2-mercaptopyridine (see Table 2), which mnkes it difficult te

judge conclusively if the two methnds are censistent in terms ef
reaction precducts,

We are planning, thorefore, 1. to use additioral methsds for
assaying SH-groups in eur procedure, 2. to refer these values to
an experimentally determined melecular weight «f the subunit
actually produced in our procedurec, 3. to define the cystine pep-
tides of cur subunits with the objective ~f lrcating them in the
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3

primary structure of the meleculs, vwe oarc bezring in mind tha
for a finzl discussicon nf the differences of severa) methods,
attention should be paid teo the fact that individual IgM macro-
globulins can differ quite consideratly from each other (as has
beern showm above fer the rate constants k) and that, therefere,
experiments should be staged ¢n 2 nweber of differsnt 1gl pre-
paraiicens.

Hevertheless, wo arc atle to statc alrendy at the rresent time,
that tho reduction of pretein SS-bends with aromntically sub-
stituted thicls can be considored ar esreeciclly mild procodure
which should therefore, te n appreprinte attempt f£or the

studies of biologicnl properties of the cleavage products,

These studies cf the naturce of disulphide clcavige required to
producc Igl sutunits and »f the subunits produced by minimal
cleavege should perm.t tvwe further lincs of study on the Igh

class., Firstly, the production cf suturi.s which arc rmirimally

or not at 21l derntured by the rupturce »f internal disulrhide

bonds pernits @ mere satisfactory characterization cf the function-

&l chhrocteristics of these subunits than has boen possitle with

proviously cbtoined products, Such atudies will include anti-
ger binding, complement fixation, cte. The relationship of thesc
subunits to naturally ccecurring subunits will 2lso be studied,

Ir this rispeet trno I found in the scrum of cescs of trypan-
osomirsis 1s of espicial intercst since nppraciable gquantitic s

of & low mrleculer veight of these subtunits have boen described.

Svecndly, rirarml cleavage of S3-tonds ray result in cleavnge
these bonds which are exclusively intersubunit. In this cnsc it
gshould b pessible te demcrnstrate the looatimn of those bends

in the {heavy) cheins of Igh.
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13 ABSTRACTY

Studies of the significance of immunoglobulin i4 and immunoglooulin D in the immune
response of humens are a long term project of this laboratory. Our recent studies in
/frica have demonstreted a reiastionship of plasma IghM to malarial parasitaemia and
meserial antivodies and have confirmed increased piasme IgM ia trypanosomiasis. Tne <
1a!t molecule is comprised of five subunita, the study of which is necessary for the
understanding of the function »f the intact molecule, especially since subunits are
founé in the plasma in conditions associated with eleveted IgH, notably irypanossri-
asis. retnods of treatment of intace Igi to produce minimally denaturec subunits were
| investizated, 2-mercapto-pyridine was found tc be a promising reducing egent yielding
subunits by a reduction of a minimum numver of SS~bonds. The kinetics of the reaction
and some cheracteristics of the subunits were described, Studles in Africa have &lso
sncwn increased plasma IgD levels in kwashiorker and in appareatly healthy African
cnildrer. Lahoratory studies have been concerned with the isclation of IgD {ryelome
rrotein) from serum, Conditions were founc to prevent the cicavare

durins isolation, Immunochemical end physlccchemical te
~encity of the isclated protein which wes found to huve a2 molecuier weight of 165,000,
The isolated protelns were, therefore, suitabie for studles of complerent fixation and
of otner plolopical properties wnich are row in progress,
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