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Human Antibody Response to a Group B Serotype 2a 
Meningococcal Vaccine Determined by Immunoblotting 

ELISABETH WEDEGE* AND L. ODDVAR FR0 HOLM 
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The antibody response of 30 volunteers vaccinated with a complex of group B polysaccharide and outer membrane vesicles (OMV) from serotype 2a Neisseria meningitidis and of 3 individuals who received a placebo vaccine was determined by immunoblotting. OMV were separated by sodium dodecyl sulfate-gel electropho­resis and electrotransferred to nitrocellulose filters. Binding of immunoglobulin G (IgG), lgA, and IgM antibodies in the human sera to OMV components was detected with class-specific peroxidase-conjugated antibodies. The immunoblotting results were also related to the bactericidal activity of the sera and the meningococcal carrier status of the volunteers. Before vaccination weakly reactive bands in the molecular weight range of 140,000 to 10,000 were observed on the blots. Sera from carriers showed more marked bands. Individual patterns of increased reactivity were seen 6 weeks after vaccination. The main immunoreactive components of OMV corresponded to a molecular weight of 43,000 (class l protein), 30,000 (class 5 proteins), and 22,000. IgG antibodies in postvaccination sera of high bactericidal titers showed distinct binding to the 43,000-molecular-weight antigen. Meningococcal carriers had antibodies against an antigen of 22,000 molecular weight; in polyacrylamide gels this component did not stain with Coomassie brilliant blue or silver. The marked binding of lgG antibodies to the class 5 proteins decreased considerably between weeks 6 and 25 after vaccination. Periodate oxidation of OMV abolished the binding of IgG antibodies to the class 5 proteins , whereas the antigenicity of the 43,000-molecular-weight (class l protein) and 22,000-molecular-weight antigens was unaffected. 

A meningococcal vaccine trial was carried out in Norway 
in 1981 and 1982. Thirty-three adults were given a vaccine 
con i ting of noncovalent complexes of group B poly ·accha­
ride a nd outer membrane material from serotype 2a 
meningococci , whereas 27 volunteers received the placebo 
vaccine (6). The immune response of the individuals was 
evaluated by determination of the antibody leve ls (18) and 
the bactericidal activity of the sera (6; L. 0. Fr¢holm , 
unpublished data). In the present communication, the anti­
body response was studied by an immunoblotting method. 
With this technique we wanted to investigate the im­
munogenicity of the different components in the outer mem­
brane fracti on in the vacc ine and , if possible , to corre la te the 
results with previous determinations of the immune response 
such as an tibody levels and bactericidal activities of the sera 
(6, 18; Fr¢holm, unpubli shed data). It was al o of interest to 
see if the meningococcal carrier status of the volunteers 
would influence the pattern of reactive bands on the im­
munoblot . 

(The prel iminary findings with sera from 15 of the vac­
cinees have been reported previously (E. Wedege , L. 0. 
Fr¢holm, T. E. Michaelsen , and C. E. Frasch. The Patho­
genic Neis eriae. Proceedings of the Fourth International 
Symposiu m, 1984, in press.) 

MATERIALS AN D METHODS 

Vaccination sera. The volunteers received a vaccine dose of 
0.5 ml consisting of: outer membrane vesicles (OMV) fro m 
Neisseria meningitidis M986 CV -1 serotype 2a , 50 µ,g of 
Protein and 8 µ,g oflipopol ysaccharide (LPS) ; N. meningitidis 

• Corresponding author. 
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group B polysaccharide, 50 µ,g; odium thimero al , 50 µ,g; 
lactose, 3 mg; and aCl , 4 .25 mg (lot 790626VB , obtained 
from C. E. Frasch, Center for Drug and Biologics Bethesda , 
Md.) (6) . An identical dose was given 4 weeks after the first 
immunization. The placebo controls received sodium thimer­
o al, lactose, and NaCl only . The se ra used for immunoblot­
ting were those collected from the individual s at the day of the 
first vaccination (prevacci nation sera) and aft er 6 and 25 
wee ks . They were tored at - 25°C. Sera from 33 volunteers, 
30 of the 33 vacc inees and 3 of the 27 placebo controls, were 
selected fo r the pre e nt investigation. Study of pharyngeal 
swabs of bacterial isolates howed that 55% of these 
individuals were meningococcal carri ers at the time of 
vaccination (6). The bactericidal titers used in thi s report were 
determined with human complement (Fr¢holm , unpubli hed 
data). The numbers de ·ignating the volunteers are the same 
as published previou sly (6). 

SOS-gel electrophoresis. The antigen in the immunoblotting 
experiments was an OMV fraction isolated from the ame 
me ningococcal strain a. the vaccine OMV antigen (5). Its 
protei n content was measured by the Folin method (11) with 
bovine seru m albumin as the sta ndard. OMV were boiled fo r 
5 min in sample buffe r with sodium dodecyl sulfate (SDS) 
and 2-mercaptoethanol and separated in a di scontinuous 
SDS-gel electrophoretic sy te rn (10). The samples contained 
pyronine B as a marker for the subsequent transblot electro­
phoresis. The separating a nd stacking gels conta ined 12 and 
4% acrylamide. respectively. The dimensions of the 1.5-mm­
th ick gels were 14 by 12 cm. Electrophoresis through the 
separating gel was performed at 30 mA for 3 h in cold buffer. 
The protei ns used as molecular weight standards were: 
phosphorylase a (94,000), bovine serum albumin (67 ,000) , 
ovalbumin (45,000), lactate deh ydrogena. e (36,000), car-



572 WEDEGE AND FR0HOLM 

bonic anhydrase (30,000) , chymotrypsinogen A (25,000), 
RNase (14,000), and cytochrome c (12 ,000). SDS-gels were 
stained with Coomassie brill iant blue (13). 

Detection of antibodies by immunoblotting. After SDS-gel 
electrophoresis, the separated OMV were transferred to 
nitrocellulose (NC) filters (0.45-µm pore size ; Bio-Rad Lab­
oratories, Richmond , Calif.) at 300 to 400 mA for 3 h, using 
cold Tris glycine buffer wi th 20% methanol (22). The blots 
were then cut into 0.5-cm-wide strips, each corresponding to 
approximately 5 µ.g of OMV protein before gel electropho­
resis. Guide strips were stained with amido black (7). The 
other strips were soaked in a blocking buffer of 3% bovine 
serum albumin in physiological saline for 30 min before 
incubation overnight in pre- or postvaccination sera diluted 
1:200 with the blocking buffer. Afterwards the blots were 
treated for 2 h with peroxidase-conjugated rabbit anti-human 
immunoglobulin G (IgG) (-y chains) , IgA (o. chains). or lgM 
(µ chains) (DAKOPA TTS a/s, Denmark), diluted 1:500 with 
the blocking buffer. The strips were washed four times in 
physiological saline after each step. Binding of the enzyme­
labeled antibodies was detected with 3-amino-9-ethyl­
carbazole and hydrogen peroxide (14). The blots with anti­
lgG , anti-lgA, and anti-JgM antibodies were stained for 4, 
10, and 20 min , respectively, and the n rinsed in water and 
dried. The incubations and washings were performed at 
room temperature on a rot ary shake r. No binding of the 
peroxidase-conjugated antisera to OMV was observed in 
control experiments. 

A mouse monoclonal a ntibody, 3-1-Pl.2 (provided by 
W. D. Zollinger) that reacted with class 1 protein from 
serotype 2 N. meningitidis strains (27) was used to identify 
thi s protein on NC strips. OMV were separated and 
electroblotted as described above and incubated overnight 
with the monoclonal ant ibody (1:1,000), followed by a 2-h 
incubation with peroxidase-conjugated sheep anti-mouse 
immunoglobulin (1:10,000) (provided by T. E. Michaelsen). 
The monoclonal antibody was omitted in the control during 
the overnight incubation. The antibodies in these studies 
were diluted with the same blocking buffer as described 
above. 

Periodate oxidation of OMV. Periodate oxidation was 
carried out in the dark for 5 h at 33°C in 0.05 M sodium 
acetate (pH 5.0) as described by Spiro (19). The final 
concentration of sodium periodate was 0.07 or 0.035 M. The 
oxidation was stopped by adding an excess of ethylene 
glycol. The samples were dialyzed overnight in physiological 
saline before SDS-gel electrophoresis. In one control, OMV 
were added after the reduction of the periodate by ethylene 
glycol; in another, OMV were incubated for 5 h at 33°C in 
sodium acetate buffer without periodate to examine the 
stability of the antigen. 

Statistical analysis. Student's I test was used to evaluate 
the significance of the differences in the serum antibody 
levels which had previously been measured by the enzyme­
linked immunosorbent assay (ELISA) (18) . Differences were 
considered to be significant whe n P values less than 0.05 
were found . 

RESULTS 

Analysis of OMV. SOS-gels of the OMV preparation used 
in the vaccine and as immunoblotting antigen showed two 
main and two minor stained bands (Fig. 1, lane b). These 
bands corresponded from top to bottom to the class 1, 2, 4, 
and 5 proteins of the major outer membrane proteins (25) and 
were found to have molecular weights of 43,000, 41 ,000, 
34,000, and 30,000. respectively. A similar pattern of bands 
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FIG. l. SDS-gel electrophoretic and immunoblot analyses of 
OMV from N . me11i11gitidis. SDS-gel of standard proteins (lane a) 
and OMV (lane b) stained with Coomassie brilliant blue. The dob 
mark the positions of the standard proteins used (from top to 
bottom: phosporylase a, bovine serum albumin, ovalbumin, lactate 
dehydrogenase, carbonic anhydrase. chymotrypsinogen A. RNase, 
and cytochrome c) . Lane c: NC str ip with electroblotted OMV 
stained with amido black. The protein classes 1, 2, 4. and 5 of OMV 
are marked with arrows. Lanes d and e: lmmunoblots showing the 
different patterns of lgG antibody binding to the OMV with 11110 

individual sera (1:200) drawn 6 weeks after vaccination. The molec­
ular weights of the main antigenic components are indicated to the 
right (k. 103). The immunoreactive bands were visualized with 
peroxidase-conjugated anti-human l gG (1:500). 

was seen after electrotransfer to NC filters (Fig. 1, lane c). 
Blots incubated with 6-week postvaccination sera showed a 
more complex pattern of antigenic OMV components, and 
the individual sera seemed to recognize different antigens 
(Fig. 1, lanes d and e). IgG antibodies bound most markedly 
to OMV compone nts that corresponded to molecular 
weights of 140,000, 86,000, 65 ,000, 43 ,000 (class 1 protein). 
30,000 (class 5 proteins), and 22,000 . The antigens of 
140,000, 86,000, and 65 ,000 molecular weight , but not the 
22,000-molecular weight antigen , were also observed as very 
faintly stained bands on SOS-ge ls. 

IgG antibody response after vaccination. F igure 2 demon· 
strates the binding of IgG antibodies in sera collected 6 
weeks after vaccination of the 33 volunteers in this study. 
The patterns of reactive bands varied considerably from 
individual 10 individual. The maj ority of the sera showed the 
strongest binding to the 30,000-moleeular-weight antigen. 
but other OMV components of higher and lower molecular 
weight as described above were also recognized. Weakly 
stained band s were observed with sera from volunteers 1. 
31 , and 45 , who only received one meningococcal vaccine 
dose, and with sera from the placebo controls 34 and 82. 

7 lgG antibodies in the sera from volunteers 2, 42, 71._8 • 
111, and 112 bound distinctly to the 43 ,000-molecular-weight 
antigen (Fig. 2). The bactericidal titers of these sera wer~ 
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FIG. 2. lmmunoblots showing lgG antibody activity against OMV from . 111e11 i11gitidis in postvaccination sera from 30 vaccinees and 3 Placebo controls. OMV were separated by SDS-gel electrophoresis. electroblolled to NC filters. and incubated with sera (1:200) drawn 6 Weeks after the fir st vaccination. lgG antibody binding was visualized with peroxida~e-conjugated anti-human JgG (1:500). The volunteer ~U":Jber designation is marked at the bottom of each strip; !he+ on the top of the strip indicates that the volunteer was a meningococcal carrier Unng the first 6 weeks after vaccination. The arrows 10 the left show (from top to bollom) the protein classes 1. 2, and 5, respectively. The molecular weights of the main antigenic components are seen to the right (k. 101
). The strips represent several experiments. leading to some v~ations in the mobilities of the main bands. Volunteers 3, 34. and 82 were placebo controls. whereas 1, 31. and 45 only received one dose 0 rneningococcal vaccine. 
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1:64, 1:128, 1:64. 1:256, 1:512, and l: > 1,024, respectively. 

O nly two sera of similar high activity did not detect this 

antigen (numbers 52 and 67 with titers of 1:512 and 1:64, 

respectively). The lgG antibodies from vaccinees 17, 43, and 

101 showed moderate binding to the 43,000-molecular­

weight antigen. The bactericidal titers of these sera ranged 

from 1:8 to 1:32. 
Many of the 6-week postvaccination sera had lgG antibod­

ies directed against an antigen of 22,000 molecular weight 

(Fig. 2). The antigen was not stained in SDS-gels with 

Coomassie brill iant blue or s ilver (24) or on NC filters with 

amido black. The presence of thi band on immunoblots 

eemed to be correlated with meningococcal carriage of the 

volunteers as it was generally weake r or not detected with 

sera from noncarriers. 
In Fig. 2 it can also be seen that several sera recognized 

low-molecular-weight components in the range about 10,000 

to 8,000. These antigens probably represented lipopolysac­

charides (LPS) in the OMV fraction (23). T his assumption 

was supported by the detect ion of bands of similar molecular 

weight in SOS-gels after staining with alcian Blue o r Stains­

All (Eastman Kodak Co .. Rochester , N. Y .) (E. Wedege, 

unpublished data). 
IgA and lgM antibody responses after vaccination. The 

binding to OMV of IgA and lgM antibodie in the 6-week 

postvaccination sera from all volunteers was also studied. 

The results for six of the individuals are shown in Fig. 3. and 

they corresponded to prev ious find ings (Wedege et al. , in 

press). lgA ant ibodies in 40% of all sera bound strongly to 

one or more of the 140,000-, 86,000-, 43,000-, 30,000-, and 

22.000-molecular-weight a nt igen , whereas the others 

showed weak bands. Marked lgA-reactive band on the 

blot did not eem to depend on bactericidal titers or 

meningococcal carriage. 
IgM a ntibodies in 30% of the sera recognized one or more 

of the 43,000-. 30.000-, and 22.000-molecular-weight anti­

gens. The majority of these sera were from meningococcal 

carriers. No rela tionship with the bactericidal titers was 

observed. The lgM-reactive bands were usually less st rong 

than those seen with the other antibody classes. Compared 

with the lgA antibodies, the lgM antibodies bound more 

often to LPS antigens but less often to antigens of molecular 

weights above 43,000. 
Periodate oxidation of OMV. When OMV were oxidized 

with periodate, the binding of lgG antibodies to the 43 .000-

and 22 ,000-mo lecula r-weight antigens was unaffec ted , 

wherea that to the 30,000-molecular-weight antigen was 

reduced or abolished (Fig. 4, lanes c to f). Often several 

weak bands were observed in the 30,000-molecular-weight 

region after oxidation. The periodate treatment also affected 

the antigenicity of the components of 86,000, 65,000, a nd 

34,000 molecular weight (class 4 protein) and the LPS 

antigens. The two concentrations of sodium periodate used 

were equally effective, and the antibody binding to the 

controls was similar to that of the untreated sample (see 

above). 
Periodate t reatment did not alter the bind ing of the mono­

clonal antibody 3-1-Pl.2 to the class 1 protein of 43,000 

molecular weight (Fig. 4, lanes g and h). However, both thi 

band and that obtained afte r incubation with a serum of high 

bactericidal activity were somewhat more d iffuse afte r oxi­

dation (compare lanes e and f and lanes g a nd h in Fig. 4). 

SOS-gels stained with Coomassie brill iant blue showed 

only fai nt traces of the 30,000-molecular-weight protein after 

periodate treatment of OMV (Fig. 4 , lanes a and b). The 

34.000-molecular-weight protein was fai nter. whereas the 

I NFECT. llln,1uN, 

proteins of 43,000 a_nd _41 ,000 mole~~lar _weight stained 

equally well afte r ox1da t1on . The stammg intensity of th 

30,000-mole~ul~r-weight band in the two _cont rols (se~ 

above) was s1mtlar to that of unt reated OMV. indicating that 

no visible proteolysis of this protein took place durin 

incubation and d ialysis. g 

Comparison of antibody distribution in pre- and postvac. 

cination sera. The effect of vaccination wa studied by 

comparing the binding patterns of each a ntibody class before 

and 6 weeks after vaccina tion of the 33 volunteers . The 

resul_ts for volunteers 13. ~5. and 87 have been reported 

prev10u ly (Wedege. et al. , m press). The blots for six other 

volunteers, two of whom received the placebo vaccine 

(numbers 3 and 34), are presented in Fig. 3. The figure also 

shows the lgG a ntibody act ivity of sera drawn 25 weeks after 

the fi rst vaccination. Generally. the prevaccination sera 

showed faint bands on the blots that corresponded to the 

major outer membrane proteins of molecular weight)> of 

43.000, 41.000, 34.000, and 30,000, but other weak bands in 

the molecular weight range of 140.000 to 10,000 were also 

observed. Several prevaccination sera demonstrated more 

distinct binding of JgG. lgA. or lgM antibodies (see numbers 

68, 71, a nd 80 in Fig. 3 as examples) ; 69. 67, and 82% of such 

sera, respectively, were from meningococcal carriers. 0 

relation hip to the bactericidal titers of the sera was noted. 

Increased ant ibody binding to many of the antigens was seen 

6 week after vaccination (Fig. 3). As described above. the 

30.000-molecular-weight a ntigen seemed to be most anti­

genic. in add ition to the 43,000-molecular-wcight ant igen 

recognized by IgG a ntibodies in the erum of high bacteri­

cidal activity from volunteer 71. 
Figure 3 also shows that the prevaccinat ion sera from 

volunteers 34. 68, and 71, who were meningococcal carrier~ 

at the time of the firs t vaccinat ion. had antibodies of one or 

more of the immunoglobul in carrier cla ses to the 22,000-

molecular-weight antigen. The possible relationship between 

carriage and this band i further demon trated by referring to 

individuals 3 and 80 in the figure. Volunteer 3 became a 

carrier 4 weeks after the first vaccination, and volunteer 80 

became a carrier sometime between weeks 6 and 25. The 

blot showed IgG a ntibodie in their corresponding post vac­

cination sera that bound d i tinctly to the 22,000-molecular­

weight antigen. After the placebo vaccination of volunteers 3 

and 34, the staining inte nsities of the other bands did not 

increase, in contra t to that observed for the vaccinees 53. 

68, 71 , and 80. 
Time-related decrease in antibody binding to the 30,000· 

molecular-weight antigen. When the binding of lgG antibod· 

ies to the 30,000-molecular-weight antigen was compared 6 

and 25 weeks after vaccination, a marked decrease with time 

was seen in the staining intensity of this band with sera from 

volunteers 53. 68. 71 . a nd 80 (F ig. 3). Similar findings were 

observed with all sera that showed t rong IgG antibod> 

respon e to the antigen 6 week after vaccination. The ot~er 

antigen did not demonstrate a corresponding decrease with 

time . 

OISCUSSIO 

lmmunoblott ing has fo und wide applications in the stud} 

of bacterial and viral infections (as reviewed by Towbin and 

Gordon [21]). We used the method to investigate the immun; 

response in human volunteers who received a group 

serotype 2a meningococcal vaccine (6). OMV in t~e vacd 

c ine were re solved by SDS-gel electrophoresis a~ 

electrotransferred to NC fi lters for immunoperoxidase stain· 

ing with sera from 33 volunteers. The use of secondaO 
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PIG. 3. Antibody activity of pre- and postvaccination sera against OMV components from N. meningitidis. The binding to OMV of l gG, 

lgA, and lgM antibodies in pre (PRE)- and post (POST)-vaccinat ion sera (1:200) is marked by G, A. and M. respectively. at the bottom of 
the strips. The postvaccination sera were collected 6 weeks after the fir st vaccination. G* represents JgG antibody binding of the 25-week 
Post vaccination sera. The volunteer number designation is shown on top of the blots. The molecular weights of the main antigenic components 
of OMV are indicated to the right (k, 103

). and the arrows show the corresponding bands for each volunteer. The immunoblots were from 
several experiments, causing some variation in the mobi lities of the main antigens. Strips showing l gG antibody binding of the 6- and 25-week 
P07 stvaccination sera from each volunteer were from the same experiment. Volunteers 3 and 34 rece ived the placebo vaccine, whereas 53. 68, 
l , and 80 were vaccinated twice. Volunteer 53 did not carry meningococci (see Results). 
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FIG. 4. Periodate oxidation of OMV from N. 111e11i11gitidis. 
Lanes a and b: SDS-gels of OMV stained with Coomassic brilliant 
blue. The class 1, 2, and 5 proteins are indicated with arrows (top to 
bottom) to the left . Lanes c to f: lmmunoblots showing the binding 
of JgG antibodies in 6-week postvaccination sera (1:200) from 
volunteers 101 (lanes c and d) and 112 (bactericidal titer 1: > 1.024) 
(lanes e and t). Lanes g and h: lmmunobloh demonstrating the 
binding of the monoclonal antibody J-1-Pl.2 (1:1,000) directed 
against class 1 protein. Periodate-treated OMV are marked with +. 
All strips were from the same experiment. and the immunoreactive 
bands were visualized with peroxidase-conjugated antisera (see 
Materials and Methods). 

antibodies directed against the different immunoglobulin 
classes permitted a detailed analysis of the antibody re­
sponse against the various OMV components in the vaccine. 

The immunoblots showed considerable individual hetero­
geneity in the antibody response 6 weeks after vaccination. 
l gG antibodies in some postvaccination sera recognized only 
one OMV component, whereas other sera detected up to six 
components in the molecular weight range of 140,000 to 
10,000. Fewer antigens seemed to el icit the l gA and lgM 
antibody response. The 30.000-molecular-weight antigen. 
which corresponded to the class 5 proteins of the major outer 
membrane proteins (25), appeared to be the most immuno­
genic protein after vaccination. The presence of this band on 
blots seemed to be independent of meningococcal carriage 
and bactericidal activity. Weak antibody activity to the 
protein was observed in the individuals receiving only one 
vaccination dose and in the placebo controls. The class 5 
proteins are known to induce a strong lgG antibody response 
after meningococcal infection (16). H owever, Zollinger and 
Mandrell (26) obtained evidence for the response being 
lower after vaccination than after infection. Our results 
suggested that the antibody levels against these proteins 
decreased with time after vaccination . This and the fact 
that the class 5 proteins are variable (15) probably indicate 
that they are of less importance as immunogens in a vac­
cine. 

One of our main find ings was the strong IgG antibody 
binding to the 43,000-molecular-weight antigen with sera of 
high bactericidal activity. This was observed with six of the 
eight sera of titers > 1:64, and five of these also had l gA 

I NFECT. IMMUN. 

antibodies directed against the protein. The antigen corre­
sponded to the class I protein. which was confirmed with the 
monoclonal antibody 3-1-Pl.2 (Fig. 4). It is therefore tempt­
ing to suggest that the bactericidal activity of many sera is 
caused by antibodies directed to the 43,000-molecular­
weight antigen. This assumption is supported by studies with 
monoclonal antibodies (L. F. Mocca. A. B. Karpas. L. H. 
Wu, and C. E. Frasch , Program Abstr. 24th lntersci. Conf. 
Antimicrob. Agents Chemother., abstr. no. 295, 1984) and 
the observation of antibody binding to the class 1-class 2 
protein region on blots with---one human serum of high 
bactericidal acti vity (26). The relationship between class 1 
protein antibodies and bactericidal activity may be important 
in the formu lation of new vaccines. 

Periodate treatment of OMV did not afTect the binding of 
lgG antib?dies to the ~lass l_ protein. '~heref?re, th~ majority 
of the ep1topes on this antigen reactmg wi th anlibodies in 
scra of high bactericidal activity were probably not carbo­
hydrates or amino acids suscept ible to oxidation (2, 19). The 
same conclusion might be drawn for the single epitope that 
reacted with the monoclonal antibody 3-1-Pl.2. In contrast 
the class 5 protein did not bind lgG antibodies or stain with 
Coomassie brilliant blue after oxidation (Fig. 4). Cleavage of 
the protein might explain these findings. but peptide bonds 
are not likely to be broken by periodate (2, 19). L PS is 
reported lO associate with some outer membrane proteins 
even after boiling with SDS (9, 17). If LPS interacted with 
the class 5 proteins, and the corresponding band of 30,000-
molecular weight on the blots was due to lgG antibodies 
directed pri marily against LPS, then the antigenicity of the 
bound LPS would probably be destroyed after oxidation. 
Coomassie brilliant blue is known to bind to proteins by 
electrostatic and van der Waals forces (3), and it is possible 
that the binding of the dye was prevented by changes in the 
protein molecule after periodate treatment. The control 
experiments (see Materials and Methods and Results) indi­
cated that the class 5 protein was not degraded under the 
experimental conditions in the absence of periodate. 

Meningococcal carriage of the volunteers seemed to be 
associated w ith antibody activit y to an antigen of 22.000 
molecular weight. The reactivity of the component was not 
destroyed by periodate. The antigen had unusual staining 
properties because it was not detected in SOS-gels with 
Coomassie brilliant blue or silver. Its gel electrophoretic 
mobili ty was not modified by treatment with heat or 2-
mercaptoethanol (Wedege, unpublished data). Many of 
these characteristics resembled those of the CA2 antigen 
(W. D. Zollinger . J. S. Ray, E. E. Moran, and R. Seid, 4th 
I nternational Conference on Pathogenic Neisseria. abstr. no. 
58, 1984), the H .8-binding antigen (1), and an antigen de­
scribed by Sugasawara (20) in meningococcal strains. Anti­
bodies against pili of 16.000 to 21 ,000 molecular weight have 
been demonstrated in patients with meningococcal disea~e 
(16). These antigens were also not stained with Coomass1e 
brilliant blue, but, in contrast to our findings. they did not 
bind antibodies of the IgG class (16). . 

Immunoblotting is not a strictly quantitative method. but 11 

gives some indications of the relative antibody levels prese~t 
and the antibody avidity (8). Each NC strip in our expen· 
ments corresponded to 5 µg of OMV protein applied before 
gel electrophoresis. Dist inct protein bands were seen in gels 
stained with Coomassie brill iant blue after electrotransfer. 
implying that the blott ing conditions left a considerable pa~ 
of the OMV in the gels. This indicated that much less than 
µg of the 140.000-, 86,000-, 65 ,000-, and 43.000-molecular­
weight protein components was strongly antigenic with a 
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J:200 dilution of several pm,tvaccination !>era. T he class 2 protein of 41 ,000 molecular weight. which i the serotype protein of the meningococcal strain M986 (4). showed only weak antibody binding after vaccination. The antigenicity of this protein is readily lo\t upon dcnaturation to the mono­meric form (16, 27) but may be part ly rc!,torcd upon inclu­sion of di polar ionic detergent during the blotting procedure (12). T herefore, the antibody respon~e detected by the present immunoblotting method will probably undere~timatc the immunological importance of the class 2 protein and possibly other antigens in the vacc ine. 
Rosenqvist el al. (18) have previously measured the levels of the different immunoglobulin clas e~ in the individual :,era by an ELISA. The antigen was an OMV fraction from Lhl: same meningococcal strain as used for immunoblott ing. l t was of interest to see whether there was a con-e~pondcnce between high antibody levels determined by ELISA and marked immunoreact ive bands on blots for the individual sera. We found that prevaccination sera, which showed distinct binding of lgG, IgA, or l gM antibodie!> to blots, had significantl y higher levels of the re~peetive antibodies than those giving weaker bands. A s describeu above. the majori ty of these sera were from meningococcal carriers. This was in reasonable agreement with the ELISA observations showing that the levels before vaccination or lgG and lgA. but not tgM antibodies, were higher in meningococcal carriers than noncarriers ( 18). 

The amount of l gA antibodies in the 6-week post vaccina­tion sera which demonstrated distinct IgA-reactivl: band-; on blots was also significant ly higher than those yielding weak bands. Such a difference was not observed for the lgM antibodies binJing to variom OMV components or for the IgG antibodies that bound strongly to the 43,000-. 30.000-. or 22,000-molecular-weight antigen!>. The majority of the post­vaccination sera that showed lgM antibody activity on blots were from carriers, whereas such correspondence was not found for the IgA antibodies. T he ELISA measuremcnb did not reveal any difference in the levels of the variow, antibody classes between carriers and noncarriers 6 weeks after vaccination (18). T hus, the positi ve re lationship observed before vaccination between high antibody levels and dist inct immunoreactivc bands for all antibody classc~ only held for the l gA antibodies af ter vaccination. 

ACKNOWLEDGMENTS 
The mouse monoclonal ant ibody 3-1-Pl.2 was a gift from W . D. Zullinger , Walter Reed Army Institute of Research. Wa,hington. D.C., and the peroxidase-conj ugated shcep anti-mou,e immunoglob­ulin was a gift from T. E. Michaelsen. ational Institute of Public Health, Oslo, orway. E. Rosenqvist. Nat ional ln, litule of Publ il: Health, provided the ELISA data on the antibody leve ls of the individual sera. K arin Bobtad performed the ,ilver staining of the SDS-gels and mo~t of the darkroom work . 

LITERATURE CITED 
1. Cannon, J. G., W. J. Black , I. Nachamkin, and P. W . Stewart. 1984. M onoclonal antibody that recogni7e, an outer membrane antigen common to the pathogenic Neisseria specie~ but not to most nonpathogenic Neissl'ria species. Infec t. l mmun. 43: 994-999. 
2. Clamp, J. R., and L. Hough. 1965. The periodate oxidation of amino acid s wi th reference to studies on glycopro teins. Biochem. J. 94:17-24. 
3. Fazekas de St. Groth, S., R. G. Webster , and A. Datyner. 1963. Two new staining procedures for quantitative estimation of proteins on electrophoretic strips. Biochim. Biophy,. Acta 

IMMUNOBLOTT ING ST UDIES OF VACCINEE SERA 577 

7 J :377-391. 
4. Frasch, C. E., and E. C. Gotschlich. 1974. An outer membrane protein of Neineria 111e11i11xitidif group B re~ponsible for seroIype ,pccificil y. J. Exp. Med. 140:87-104. 5. Frasch, C. E., and M. S. Peppler. 1982. Protection again,1 group 13 Nei, ,aia 111e11i11xithli1 di~ea,e: preparation of ,oluble protein and protcin-pol y~accharide immunogen~ l nfel:I. l mmun. 37:271-280. 
6. Froholm, I.. 0. , B. I'. Bcrdal, K. B,nre, P. Gau~tad, A. llarboe, E. Holten, E. A. Hoiby, A. LyMad, T. 0. Omland, and C. E. Frasch. 1983. l\kningococcal group l:3 \ accine trial in Norway 1981-1982. Natl. Inst. Publ ic Health Ann. 6:133-138. 7. Gcrshoni, J. 1\1. , and G. E. Palade. 1982. Electrophoretic tntn\fer of protein, from ,odium dodecyl su lfate-polyacry­lamiue gels to a posit ively charged membrane filter. Anal. Biochem. IH :396-405. 
8. Griffiths, E .. P. SteHn,on, R. Thorpe, and H. Chart. 1985. Naturally occurring antibodies in human sera that react with the iron-regulated outer membrane protein, of Escherichia coli. Infect. l mmun. 47:808-813. 
9. Hitchcock, P. J. 1984. Analy,es of gonococcal l ipopolysaccha­rides in whole-cell l y,a tes by ~odium dodecyl sul fate­polyacrylamide gel electrophorc\is: ~table a>\ociation of l ipo­polysaccharide with the major outer membrane protein (protein I) of Nei.1.1eriC11-10110,rliocae. Infect. lmmun. 46:202-212. 10. Laemmli , U. K. 1970. Cleavage of ,tructural protein~ during the a,,embly of the head of bacteriophage T4. Nature (London) 277:680--685. 

I I. LO\H)', 0 . H., . J. Rosebrough , A. L. Farr, and R. J. Randall. 195 l. Protein measurement with the Folio phenol reagent. J. Biol. Chem. 193:265-275. 
12. l\l andrell, R. E., and W. D. Zollinger. 1984. Use of a Lwiucrionic detergent for n:storation of the ant ibody-binding capacity of electroblottcd meningococcal outer membrane pro­teins. J. lmmunol. Method, 67:1- 11. 
13. Nicolas, R. H ., and G. H . Goodwin. 1982. b olat ion and analy,is. p. 41-68. Ill E. W. John5 (ed.). The HMG chromosomal protein\. Academic Pre\s. Inc .. London. 
14. Orstavik, K. H. 1981. Alloantibodic~ to factor I X in haemophilia l:3 characterized by cro~sed immunoclectrophore,is and en­zyme-conjugated ant isera lo human immunoglobul ins. Br. J. Haematol. 48:15-23. 
15. Poolman, J. T., S. de Marie, and H. C. Zanen. 1980. Variability of lo,, -molecular-weigh!. heat-modifiable outer membrane pro­teins of Neisscria 111e11in1-1i1idi.1. I nfect. l mmun. 30:642-648. 16. Poolman, .}. T., C. T. P. Hopman, and H. C. Zanen. 1983. lmmunogenicity of meningocol:cal antigens a~ detected in pa­tient sera. Infect. lmmun. 40:398-406. 
17. Poxton, L R ., G. T. Bell, and G. R. Barclay. 1985. The a,sociation on SDS-polyacrylamiue gels of lipopol} saccharide and outer membrane proteins of P.1e11do111011a1 aerugino.w as re\ ea led by monoclonal antibodie, and Western blouing. FEM S M icrobiol. Lett. 27:247-257. 
18. Rosenqvist , E .. T . Tjadr, L. 0 . Fruholm, and C. E. Frasch. 1983. An ELISA study of the antibody re,ponsc after vaccination with a combined meningococcal group B polysaccharide and serotype 2 outer membrane protein vaccine. Natl. Inst. Public H ealth Ann. 6:139-149. 
19. Spiro, R. G. 1966. Characteriznt ion of carbohydrate units of glycoproteins. Methods EnLymol. 8:26-52. 
20. Sugasa-..ara, R . .I. 1985. Recognition of serogroup A Neis.1eria 111e11i11gitidis serotype an1igens by human antisera. Infect. Im­mun . 48:23-28. 
21. Towbin, H., and J. Gordon. 1984. l mmunoblou ing and dot immunobinding. Current stalUs and outlook. J. lmmunol. Meth­ods 72:313-340. 
22. Towbin, H., T. Stachelin, and J. Gordon. 1979. Elcctrophoretic transfer or proteins from polyacrylamide gels 10 nitrocellulose sheets: procedure and some appl icat ion~. Proc. al l. Acad. Sci. USA 76:4350-4354. 
23. Tsai, C. 1\1. , R. Boykins, and C. E. Frasch. 1983. H eterogeneity and variation among Neis.lt'ria 111e11i11gi1idis lipopolysaccha­riues. J. Bacteriol. 155:489-504. 



578 

24. 

25. 

26. 

WEDEGE A D FR0 HOLM 

Tsai, C. M. , and C. E. Frasch. 1982. A sensitive silver stain for 

detecting lipopoly!>accharides in polyacrylamide gels. Anal. 

Biochem. 119:115-119. 

Tsai. C. M., C. E. Frasch, and L. F. Mocca. 1981. Five ~tructural 

classes of major outer membrane proteins in Neisseria me11in­

gitidis. J . Bacteriol. 146:69-78. 

Zollinger, W. D. , and R. E. l\Jandrell. 1983. Studies of the 

27. 

INrrcT. 1.,1, ,u-.. 

human antibody respon~e to specific meningococcal outer m 

brane protein~ of serotypes 2 and 15. Med. Trop. l\far\'~t 

43:143-147. 
Cl <:) 

Zollinger, W. D .. E. E. l\Joran, H. Connell). R. E. Mandrell d 

B. Brandt~ 1984. Monoclonal an~ibodies ~o s~rotypc 2' :~d 

serotype 1:, outer membrane proteins of Ne,s~erw mrninidtid 

and their use in serotyping. Infect. lmmun. 46:260-266. " 




