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Note 

Effect of dextrans of different mean molecular weights on immunodiffusion 
reactions of serum fractions 

I;urthcr invcstigationi of the observations of BECHOLD~ regarding precipitation 
of soluble antigens by antibodies in gels led to the simultaneous development of 
double diffusion tests by OUCHTEIZLONY”J and by EIXIC~, Modifications of these 
methods now form the basis of numerous diagnostic and rcsearcli techniques. Al- 
though materials such as agarose, l~olyacrylamicle and several other gel-forming 
substances have been used, agar solutions remain the matrix of clloice for many 
proccduresfi-0 that are used routinelv in lmman and vctcrinary medicine and in otllcr 
biological sciences. Mathematical hypotheses relating to conditions that cause precipi- 
tation phenomena in agar gels have been described lo. Failure to control adequately 
the conclitions of cliffusion in the ayar matrix may result in inferior definition of 
precipitation arcs or even in some coalescence of acljacent arcs in multiple reactant 
systems, especially when whole serum is used. 

Dextran may reduce the solubility of proteins such as albuminrl, cyanmethne- 
moglobin or beta-lactoglobin in physiological soline solutionslsJz and gamma- 
globulin@. Low molecular weight clcxtran has been shown to precipitate fibrinogen 
from plasma raJ0, In tube precipitation tests, the addition of neutral or acicl poly- 
saccharides of several cliffcrent molecular weiglitsl’JA causes a clccrcase in the soluble 
antigen-antibody compleses, as a result of increased precipitation. Dextran 80 
(mol. wt, 80 ooo) in phosphate buffer (PI-I 7.4) has been used extensively1 A. Similarly, 
the addition of Dextron IO (mol. wt, IO ooo) (prepared by Pllarmacia AB, Uppsala, 
Sweden) has been claimed 10~0 to incrcasc the visibility of precipitation deposits after 
imniunoelcctrol~lioresis. 

This paper clescribes the investigation of gel-precipitation mctbods in wliicb 
human immunoglobulins ancl three bovine serum fractions of increasing molecular 
weight, viz., albumin, transfcrrin and gamma-globulin (IgG), are used concurrently 
in agar gels containing a series of clcstrans with mean niolccular wciglits ranging 
from I0 000 to 2 000 000. 

A9rlige~s, Human gamma-hl globulin (IgRI) was obtainccl from Bcliringwerke 
AC;., Marburg-Lalm, G.F.R,, or from Meloy Laboratories Inc., Springfield, Va., 
U,S.A. Crystalline bovine serum albumin was purcllasccl from Pentex Inc,, Kankakec, 
Ill., USA. 

The bovine whole serum used in experiments reported here was collected from 
a single steer (No, 107), altllough bovine serum from other sources produced similar 
results. 
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Bnvinc trnnsferrin was prqxwctl from 1x~olecl serum by precipitation with 
2,5-dianiiiio-7 -ethosyacricline lactate, followed by gel liltration cliromatograpl~y of 
t11e supernatant (COCHRANE AX1.I I-J.YSl.Ol’, r()p, unpul~lisliccl results). 

A hMirrs. Antisera to bovine scruni albumin ancl bovine IgG gamma.-globulin 
were prepared by the immunization of rabbits or acquired from Bcliringwerke A.G. 
Antiscruni to liurnnn IgM wns obtnined from that. source. 

Ant&era to bovine transferrin were prepared by immunization of rabbits cithcr 
wit11 the purified transferrin product mentioned above or with comma-cially available 
lxwinc transferrin (Pentcs Inc,, IC~nk~liee, Ill., U.S.A,), 

Po/l\lsncc//~virJEs. Dcstrans DIO, Dzo, D70, D15o, D5oo and Dzooo wcrc ])ur- 
clinsed from Pliarmacia AR. Uppsala, Swcclen, 

clgnv gels. All gels wcrc prepared from I.oO/,. Ionagar No. 2, Batch 3471155 
(Osoid Ltd,. London, Great Britain), clissolvccl either in o.S5%, saline solution or in 
0.05 113 phosphate buffer (1.33 g IC,EIPO, + 5.7 g NaM,PO, $- 5.S4 g NaCl + dis- 
tilled water to TOW ml : ]>I-I 7.4). Dcstrnns to form n 2% (w/v) solution ancl I : IOOOO 
rnerthiolate were adclccl to the hot gel solution after autoclnving at 15 p.s.i. 

I?lrrrr?r?rotli~~zcsio~l. Gels were cast on 25 x 75 mm glass slides, which were 
cleaned in biclxwmate solution followed by several washes in alcohol, dried and then 
pre-coatccl with 0.5% agar. Warm clcstmn gels were poured and nllowecl to cool in 
clust-free conclitions. The n1qxuxtus usccl for casting and punching and the immuno- 
diffusion metlwcls followed closely tlwsc clescribccl by OUCHTEIII.ONY~~. Tile central 
wells of each configuration were loaclcd with antigen with micro-pipettes, suitably 
cliluted in nccorclance with 1wcliminnry titration against undiluted antibocly: five 
pcriplieral wells were lonclccl with serial clilutions of antil~ocly, while the last well 
containecl only pllosphnte-buffered saline (PBS). All slicles were incubated in a. moist 
cliambcr at 4” for 20 or 44 11. 

---.-----..---..-_--._-.- ._ .-. .--_.---. . . . . _. - _ ._... ._._ --_.-_ -_-._ _ . ..-_ _ - .._ _. ____ _.. .._- _ .._. _.-. _____ 
.*I rrligrh :I u/igc~u .=I rrlihf/.vn .lletrrt (o’c wicltlr (1~~1))) irr qqar grill 

dilrrtiorr __ ..__ . ..__ _ .._....._... _....______ . . . . .____. _. .._ -__- _-.- _ -..-..----. --I_.- 

s/u P/O I’/DIO I’/l)ro P/1170 l’/Ilr50 P/l~fioo J=~l~aooo 

Bovine 
whole HCIWIII I : f ‘2 H ..\nti-IS;\ I.73 I .J.j I 4 I 0 r .w C>.()O o.go 0. is o*i. 5 

t :2fj(j :\nti-HS\ I ..I5 I.20 o.go 0.;” C>.llO ‘)*.55 O.Jcl 0.~0 

I :fj12 ;\nti-US;\ 0.x0 (1.7’1 0.~0 ‘Xfj” 0.2.; 0. *so O.jO 

13ovinc 
o+ 

wlmlc scmlm 1:128 :\nti-‘1 1 ..I0 I .JO I dJ5 O.Sfj 0.p Cl..jO fl.fjo o,so 

yw; Anti-T 0.8-j o.go oei.5 O.SO o,so 0.p C’e-15 0.40 
Anti-7 0.b.j 0.75 0*.55 ws cl..~O 0.30 0.30 0.30 

13ovinc 
wholc acrunr 1:1‘?B Anti-HCX o.bo 0.55 o.fjo 00.10 ‘>**3.5 0.30 0.30 0030 

I :ayi .-\nti-13GCi o..ts (J.15 “*.4.5 0.35 O*RO 0 a.2 5 0.2.5 0,2s 
f :fjtG! Anti-13GCi 0 * 3 5 0.35 0030 0.25 rl.10 0.20 0.70 0.2s 

____.. _-^ ._.. . _ ____.__.____.-_. ,_____ .^___._I_ .__.,_ _ .__-.._- ._..___ --.I.. -.--..- .-..- -.-._-- . -_.. _ .-.. __.____I____--_ ..-- -...a-._.....A 

n USI\ = bovine swum irlbuinin; ‘I’ = trnnsfurrin: UCiC =f Imvinc IgG. 
b S/0 = saline, no clcxtran; I’/(‘) = ~)h~ti~>I1i\t.c ln~l’fcr, 110 clcxtrnn: I’/DIo - l’/l)dooo =t phosphntc buffer 

clrstrm IO, 20, 70, 150, 500 or 2000, 
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RCSUllS 

After incubation for cn..zo 11 at 4”, precipitation arcs were clearly visible in all 
gels. In gels prepared with saline or with buffer, the precipitation zones were somc- 
what diffuse and ill-defined, but were more sharp in those containing Dextran IO, 
Incorporation of dcxtrans of higher molecular weight rcsultcd in improvement of arc 
resolution (Table I), but above mol. wt. 500 ooo, the sharpening of the arc was slight 
in relation to the increase in mean molecular wciglit. 

Precipitation zones of the large complexes formed with the higher niolccular 
weight antigens of the gamma-globulin series wcrc narrower than those formed wit11 
albumin. 

Zone sharpening during the precipitation of serial dilutions of bovine serum 
albumin-anti-bovine serum albumin is demonstrated in I;ig. I. At cquivnlcncc and 
at all the antigen-antibody proportions testecl, incorporation of destrans improved 
the resolution : tlic effect was especially marked in the region of csccss of antigen, 

Reciprocal dilutions 

Upper rows - Antigen* P 2048 1024 512, 256 128 
0 0 0 0 0 

0 0 0 0 0 
Lower rows - Antibody+ * c 1 2 4 8 16 

Reciprocal dilutions 

1% Agor in normal saline 

1% Agar in phosphate buffer (pW 7.4) 

1% Agar in phosphate buffer (pW 7.4) c Dextran 150 

1% Agar in phosphota buffer (pW 7.4) + Dextran 2000 ! 

. - 10% solution of crystalline bovine serum albumin 

. . - Rabbit antiserum against bovine serum albumin 

l’ifi. I, %onc~shnrpcninji cflcct 011 ~xxxipitirtioll :trcH of clcxtrnfls incar~xWiltccl in tlic jicl. 
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and the best definition was obtainecl with clcxtrans DISO and DJOO when the entire 
series of clextrans was testecl. Similar effects were obtained with the lar’ge complexes 
formed by human IgM-anti-human IgM (human IgM: mol. wt. cn. 900 000). lncu- 
bation at zG” increased the rntc of the reaction, apparently without diminishing the 
influence of the dcxtrans. 

Discztssiou 
In tube-precipitation tests, clestran greatly enhanced immune precipitation of 

human albumin (HA) from pl~oslhate buffer by rabbit antiserum to HA, particularly 
in tlic region of esccss of antigen; tllc ratio of antibody to antigen in the precipitate 
was not affected by addition of the polysaccllariclc17~22. 

Polysucrose (Ficoll) and certain connective-tissue polysacclinricles may cxcrt 
similar effects on antigen-antibody systems 17.*3J~. l~nliancecl precipitation of albumin 
apparently did not result from compltxx formation between tlic polysaccliaridcs ancl 
protein during column clirornatograplly”G, cI~sIc,\‘~ used x.5o/o agar in Verona1 buffer 
for immunoelectrophorctic studies on insulin-anti-insulin reactions and later es- 
clucled additional complexes from solution by repcatecl acldition of SoA, Dextran IO 
to the antibody troughs. For immunocliffusion ancl immunoelectrophoretic reactions, 
tlic agar concentration usccl most frequently is 1.5%. The present series of experi- 
ments was confined to gels containing 1.0% agar; the polysaccharicle was dissolvecl 
in the molten gel, which resultecl in a consistency similar to that of a 1.5% agar gel, 

Diffusion rates of immunoreactants in any particular gel are clctcrminecl 
principally by tlic size and shape of their protein niolccules, ancl the constitution of 
any prccipitatc is mcclinted by the mobility nncl avidity of those reactants, Conse- 
quently, it was necessary to test the influence of clcstrans of increasing mean molec- 
ular weight on the formation of immune complcxcs by several different antigens 
(serum), of increasing molcculnr climensiona, when allowed to react with liomologous 
antibody (principally IgG). By raising the clestran content to about IoOA, or greater, 
it is possible to precipitate the larger gloh.~lin molecules in the abscncc of antigen. 
However, the proportion of clextran (zy&J incorporatccl in the gels to be tcstccl was 
insufficient to cause observable precipitation until complesing of antigen with anti- 
body had commenced. 

In the presence of destrans, the larger antigens, which also combine with 
relatively greater amounts of antiboclt*, are precipitated selectively from tlic gel, 
These results are consistent with results of earlier investigntionsl~ll’~lR on precipitation 
reactions in liquid media, and can be attributed to steric exclusion from the liquicl 
phase. It is eviclent from Table I and Fig. I that increases in mean molecular weight 
of the polysacchariclc were associated with concentration of precipitation into 
pro,gressively narrower zones within tllc gel matrix. Nevcrthclcss, great incrcrnents 
in mean molecular weight (IO ooo to z ooo ooo) resulted in clisproportionatcly 
small improvements in arc resolution, especially when the mean molecular weight of 
the dextran exceeded 150 ooo. I%rthcrmore, clcspitc tlic slinrpcning of tlic arcs, 
incorporation of the high molecular weight Destran Dzoo produced a marltecl opacity 
of the gel which, by diffusing light, made the zone boundaries somewhat less easily 
distinguishable to the naked eye and, when multiple antigen-antibody systems wcrc 
used ‘(cq,, whole serum), tencled to cletract from the easy interpretation of the 
numerous precipitation zones, 
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It can be concluded that steric exclusion of large immune complexes from agar 
gels containing dcxtran is not mediated solely by the molecular weight of the poly- 
saccharides or by that of the immunoreactants. Nevertheless, the method improves 
the resolution of precipitation arcs and is being used by us in immunodiffusion and 
immunoelectrophoretic systems other than those described herein. 

The author wishes to acknowledge the technical assistance of Mr. R. GORBIAN, 
and to express his thanks to Hoechst Pharmaceuticals, lMontrea1, Qucbcc, for a 
supply of Human IgM, Bchringwerke A.G, 
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