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Chapter 2 

ABSTRACT 

Randomly amplified polymorphic DNA (RAPD) genotyping was applied to 1 representative 

strain of each of the 84 electrophoretic types (ETs) previously defined by multilocus enzyme 

electrophoresis (MEE) of Neisseria meningitidis serogroup A (16). Twenty seven additional 

isolates comprising 6 ETs were also tested. MEE and RAPD yielded similar dendrograms at 

the subgroup level. 18 serogroup A meningococci isolated in the Netherlands between 1989 

and 1993 also yielded similar results by both methods. Ten of these isolates defined a new 

subgroup, designated as subgroup DC. One isolate belonged to the ET-5 complex, normally 

associated with serogroup B strains (3). By RAPD, meningococci can be linked to previously 

characterized genotypes using a computerized database, and dendrograms based on cluster 

analyses can be generated easily. RAPD offers advantages over MEE since intermediate 

numbers of isolates of serogroup A meningococci can be assigned quickly to known 

subgroups and new subgroups can be defined. 
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INTRODUCTION 

Neisseria meningitidis is an encapsulated Gram-negative bacterium, causing meningitis and 

septicemia world-wide. Classification according to capsule polysaccharide revealed 11 capsule 

types. Serogroup A, B and C isolates account for about 90% of the cases of meningitis (13). 

Serogroup A strains are the leading cause of epidemics, whereas serogroup B and C strains 

generally cause endemic cases and small outbreaks. Since World War E, large epidemics caused 

by serogroup A have not occurred in Europe and the USA, but such epidemics still prevail in 

the People's Republic of China and the Sahel zone of Africa (the so-called meningitis belt) (1). 

In addition to the classification into serogroups, meningococci are divided serologically in 

serotypes and serosubtypes, on the basis of differences in the class 2/3 outer membrane protein 

(OMP) and the class 1 OMP (PI), respectively (6). However, differences in serotype or 

serosubtype do not necessarily reflect genotypic differences throughout the genome, as OMP 

variation is caused by horizontal gene transfer (8). 

Multilocus enzyme electrophoresis (MEE) has been used for genotyping of meningococci, to 

identify specific clones and to study the genetic diversity of the organism (3; 11). Currently, this 

method is considered to be the reference "gold standard" for meningococcal typing (3). 

Although the correlation between the electrophoretic migration of individual enzymes and the 

combined genotype may be disrupted by horizontal gene transfer (7), the use of multiple 

enzymes makes MEE a fairly robust typing method. After completion of this work, a new 

technique, multilocus sequence typing (MLST) of six gene fragments, was applied to a 

representative collection of meningococci and was shown to recognize the same clonal lineages 

recognized by MEE (9). 

Randomly amplified polymorphic DNA (RAPD) PCR (17) has potential advantages for typing 

meningococcal isolates. It requires only modest effort, the costs are relatively low and no prior 

sequence information is necessary. In RAPD short (10 bp) arbitrary primers are used, that can 

each anneal at various sites on the chromosome. Several DNA fragments of different lengths are 

generated, which can be analyzed by conventional agarose gel electrophoresis. Strains differing 

in the presence of annealing sites and the distances between them, yield different sets of DNA 

fragments and are considered to have different genotypes. RAPD is reproducible, provided 

uniform template DNA (4) and MgCl2 (12) concentrations are used. 

Previously, Woods et al. (18) used RAPD to type N. meningitidis serogroup B, C and Y strains 

isolated during a university outbreak. They noted the potential of RAPD for global 

epidemiology of meningococcal disease and population structure of N. meningitidis, if it were 

validated by direct comparison to MEE. Here we compare the characterization of a large 

collection of serogroup A meningococci (16) by MEE and RAPD. Furthermore, recent isolates 

from the Netherlands were genotyped by both RAPD and MEE, leading to the identification of 

new genotypes. 
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MATERIALS AND METHODS 

Bacterial strains and growth conditions 

Eighty four strains representing the individual ETs of serogroup A meningococci described 

by Wang et al. (16) were used to compare RAPD with MEE. A selection of 27 strains from 

diverse sources (16), was also included for ETs 19 (subgroup I, 3 additional strains), 41 

(subgroup n, 1 strain), 48 (subgroup HI, 7 strains), 50 (subgroup IQ, 2 strains), 67 (subgroup 

rV-1, 7 strains) and 28 (subgroup I, 7 strains). In addition, 18 formerly sero(sub)typed, but 

undescribed strains from the collection of the Netherlands Reference Laboratory for Bacterial 

Meningitis (NRLB, Rijksinstituut voor Volksgezondheid en Milieuhygiëne/Academisch 

Medisch Centrum, Bilthoven / Amsterdam, the Netherlands) were assessed by RAPD and 

with one exception by MEE (Table 1). These strains represent the four serotype/serosubtype 

combinations found for serogroup A strains during the period 1989 - 1993. The marker DNA 

used to generate a standard pattern on all gels was isolated from strain 770377, a serogroup B 

Table 1. Properties of 18 Dutch serogroup A strains. 

Strain Year of isolation Serotype Serosubtype Genotype 

890461 1989 n.t.a PI.16 subgroup DC 

890592 1989 n.t. PI.16 subgroup DC 

890867 1989 n.t. PI.16 subgroup DC 

891780 1989 4 P1.9 N.D.b 

892411 1989 4 PI.10 ET-33 

892665 1989 15 n.s.t.c ET-5 complex 

900973 1990 4 P1.9 ET-48 

901335 1990 n.t. PI.16 subgroup DC 

902488 1990 4 PI.10 ET-33 

911652 1991 n.t. PI.16 subgroup DC 

911960 1991 n.t. PI.16 subgroup DC 

920054 1992 4 P1.9 ET-48 

920521 1992 n.t. PI.16 subgroup DC 

921051 1992 4 PI.10 new 

921268 1992 n.t. PI.16 subgroup DC 

921710 1992 4 P1.9 ET-48 

931114 1993 n.t. PI.16 subgroup DC 

931192 1993 n.t. PI.16 subgroup DC 

"n.t.: not typable. 
h N.D.: not determined. 

' n.s.t.: not subtypable. 
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meningococcus from NRLB. Meningococci were grown on heated blood (chocolate) agar 

plates at 37°C in a humidified atmosphere of 5% C02 . 

Chromosomal DNA preparation 

Chromosomal DNA was isolated according to Akopyanz et al. (2). The concentration of the 

chromosomal DNA samples was assessed by measuring the optical density at 260 nm using 

an Ultraspec 2000 spectrophotometer (Pharmacia). 

Randomly Amplified Polymorphic DNA PCR 

The primers used were primer 1254 (5'-CCG CAG CCA A-3'), primer 1281 (5'-AAC GCG 

CAA C-3') (2), primer NM03 (5'-CCG CTG CCT T-3') and primer NM04 (5'-GCA CGG 

ATC A-3'), all synthesised by Perkin-Elmer Nederland B.V., Gouda , the Netherlands. The 

RAPD PCR reaction mixture contained: 20 ng template DNA, 3.2 uM (primers 1254 and 1281) 

or 4.8 uM (primers NM03 and NM04) primer, 250 uM of each nucleotide (dATP, dCTP, 

dGTP, dTTP), 0.01% (w/v) bovine serum albumin, 3.0 mM MgCl2, 50 mM KCl, 10 mM Tris-

HC1, pH 8.8, and 1.25 units Taq polymerase (Perkin Elmer Cetus) in a final volume of 25 ul. 

Reactions were performed in a Trio Thermoblock (Biometra).The PCR program consisted of 4 

cycles (5 min 94°C, 5 min 36°C, and 5 min 72°C); followed by 30 cycles (1 min 94°C, 1 min 

36°C, and 2 min 72°C). A final 10 min extension was performed at 72°C. 

Agarose gel electrophoresis 

Electrophoretic separation of the amplified products was performed for 4 h at 4 V/cm on 1% 

agarose gels in lx Tris-Borate-EDTA buffer. Both gel and buffer contained lmg/1 ethidium 

bromide. 

Consistency marker 

The RAPD pattern generated with primer 1254 from strain 770377 contains evenly spread 

bands and was used as a marker. This marker was prepared freshly each time a set of strains 

was tested, as a quality control for the RAPD PCR reagents. 

Computer-assisted analysis of RAPD patterns 

The RAPD patterns were visualized by UV illumination and an image captured with a video 

camera. Analysis of the images was performed using the Windows version of the Gelcompar 

software version 3.1 (Applied Maths, Kortrijk, Belgium). Patterns were normalized using 

bands of the consistency marker and bands that were uniformly present in all patterns. The 

patterns generated by each of the four primers were combined for each strain. The resulting 

combined band-patterns were compared using unweighted pair group cluster method with 

arithmetic averages (UPGMA), with the Dice coefficient (5) applied. Computer-assisted 

analysis and the methods and algorithms used in this study were carried out according to the 
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instructions of the manufacturer. A tolerance in the band positions of 0.2% was applied 
during the comparison of the RAPD patterns. 

Multilocus Enzyme Electrophoresis 
MEE of the 18 serogroup A meningococcal isolates from the Netherlands was performed as 

described previously (3) using 14 enzymes: malic enzyme (ME, EC 1.1.1.40), glucose-6-

phosphate dehydrogenase (G6P, EC 1.1.1.49), a peptidase (PEP, EC3.4), isocitrate 

dehydrogenase (EDH, EC 1.1.1.42), aconitase (ACO, EC 4.2.1.3), NAD-linked glutamate 

dehydrogenase (GDI, EC 1.4.1.2), NADP-linked glutamate dehydrogenase (GD2, EC 

1.4.1.4), alcohol dehydrogenase (ADH, EC 1.1.1.1), fumarase (FUM, EC 4.2.1.2), alkaline 

phosphates (ALK, EC 3.1.3.1), two indophenol oxidases (IP1 and IP2, EC 1.9.3.1), adenylate 

kinase (ADK, EC 2.7.4.3) and an unidentified dehydrogenase (UDH). 

Sequence analysis of por A 

Primers used were AB01 (5'-TGT AAA ACG ACG GCC AGT GTT TGC CCG ATG TTT 
TTA GGT T-3'), AB02 (5'-CAG GAA ACA GCT ATG ACC CGG CGT ATA GGC GGA 

CTT GCT G-3'), AB03 (5'-TGT AAA ACG ACG GCC AGT CAG CGG CAG CGT CCA 

ATT CGT T-3') and AB04 (5'-CAG GAA ACA GCT ATG ACC CGT ATC CGC TTC ACC 

GCC CCG A-3'). The underlined sequences are identical to the -21M13 primer or M13Reverse 

primer sequences. Overlapping parts of the pork gene were amplified by PCR using primers 

AB01/AB02 and AB03/AB04. The products were used as templates for sequencing with 

fluorescence dye-labeled universal M13 primers. Analysis was performed on an automatic 

sequencer (model 373), according to the instructions supplied by Applied Biosystems 

Incorporated (Foster City, Calif.). The nucleotide sequence data will appear in the 

EMBL/Genbank/DDBJ Nucleotide Sequence Databases under the accession number 

AF026890. 

RESULTS 

Reproducibility 
To assess the reproducibility of RAPD, 10 different chromosomal DNA preparations were 

prepared from one strain of N. meningitidis and used as templates in PCRs with primers 1254 

and 1281. The resulting patterns were identical. DNA from 14 blood isolates and their paired 

cerebrospinal fluid isolates resulted in identical RAPD patterns for each pair of isolates with 

primer 1254 (data not shown). 
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Comparison of RAPD and MEE 

We tested one representative strain from each of the 84 ETs previously identified by Wang et al. 

(16) by RAPD with four primers. In addition, 27 strains from 6 epidemic ETs from MEE 

subgroups I, H, m and rV-1 were also tested. Representative RAPD patterns, obtained for 15 

strains are shown in Fig. 1. The results with all 4 primers (10-20 specific bands per strain) were 

combined for cluster analysis. The resulting dendrogram resembled the subgroup distribution 

obtained by MEE (Fig. 2). 

Only a few differences were noted between the RAPD and the MEE dendrograms. The MEE 

subgroups V and VU and the subgroups IE and Vm were not distinguished by RAPD. The 

two available strains of ET-41 (subgroup II) were distinct from all other strains tested, 

although the other subgroup II strains (ETs 39 and 40) were closely related to subgroup I 

strains by RAPD (Fig. 2), as expected. The ET-28 strain, B534, did not fall in the expected 

subgroup I. It was unrelated to all other serogroup A strains by RAPD, even when another 

frozen subculture of the same strain was tested. Six additional ET-28 isolates did fall within 

the subgroup I branch by RAPD, as expected. The other 21 strains tested also fell in the same 

subgroup as the representative strains of those MEE ETs. 

M M 10 11 12 13 14 15 M 

WÊÊ0 mm mm • -•• mm 

Figure 1. (above) Representative RAPD patterns obtained with primer 1254 for representative 

serogroup A isolates. M: marker, 1: ET-11 strain, 2: ET-38 strain, 3: ET-33 strain, 4: ET-39 strain, 5: 

ET-44 strain, 6: ET-28 strain, 7: ET-41 strain, 8: ET-55 strain, 9: ET-48 strain, 10: ET-75 strain, 11: 

ET-78 strain,12: ET-79 strain, 13: ET-83 strain, 14: ET-70 strain, 15: ET-72 strain. 
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Characterization of 18 Dutch serogroup A meningococci 

The RAPD data obtained for the 84 representative serogroup A strains were stored in a 

computerized database. This database allows rapid identification of unknown serogroup A 

isolates. Eighteen sero(sub)typed serogroup A meningococci isolated in the Netherlands from 

1989 - 1993 (Table 1), were characterized by RAPD and their RAPD patterns were compared 

to those in the RAPD database (symbols in Fig. 2). These 18 Dutch isolates were also typed 

by MEE, with one exception. 

Two of the A:4:P1.10 isolates (closed triangles) were assigned to subgroup I by RAPD and to 

ET-33 of subgroup I by MEE. Four A:4:P1.9 isolates (closed circles) were assigned to 

subgroups in/Vin by RAPD; the three isolates that were typed by MEE were assigned to ET-

48 of subgroup HI. One A:4:P1.10 isolate (closed square) was different from all other 

serogroup A strains by both RAPD and by MEE. The A:15:n.t. strain (open triangle) was also 

different from all other serogroup A strains by RAPD. MEE showed that this strain was 

closely related to the ET-5 complex, which is normally associated with serogroup B 

meningococci (3). 

The 10 A:n.t.:P1.16 isolates (open circles) formed a distinct cluster by both methods, 

unrelated to other known serogroup A strains. To our knowledge, the PI. 16 subtype was only 

found once among serogroup A strains before (14). Therefore, we sequenced the porA gene of 

Dutch PI. 16 strain 931192 in order to determine whether this gene corresponded to a known 

por A allele. The sequence (accession number AF026890) encodes the PI.21,16a epitopes, and 

differs from known P 1.21,16a por A alleles outside the epitope encoding regions. 

Figure 2. (right) Comparison of the genetic relationships as inferred by RAPD (left) and by MEE 

(right, adapted from reference 14). The dendrograms resulting from cluster analysis show the genetic 

distance at which the clusters divided according to the unweighted pair-group average clustering 

algorithm. In the MEE dendrogram, subgroups are indicated by Roman numbers and individual ETs 

are numbered 1-84 (top to bottom). Subgroups containing the same ETs in the MEE and RAPD 

dendrograms are indicated by identically filled bars. Subgroup II is split into ET-39 and ET-40 versus 

ET-41 isolates, as indicated by the numbers at the end of the branches. The ET-28 isolate B534 is 

indicated by its strain number. Other ET-28 strains are labeled 28 at the ends of the branches. Recent 

Dutch isolates tested are marked by symbols. Filled triangles: ET-33 (strains 892411 and 902488), 

filled circles: ET-48 (strains 900973, 920054 and 921710) and strain 891780, filled square: new 

genotype within the serogroup A strains (strain 921051), open circles: subtype PI.16 strains (strains 

890461, 890592, 890867, 901335, 911652, 911960, 920521, 921268, 931114 and 931192), open 

triangle: serotype 15 strain (strain 892665), related to the serogroup B ET-5 complex (see text). 
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DISCUSSION 

Both the RAPD and the MEE method subdivided clonal serogroup A meningococci into 

similar subgroupings, with only few exceptions. 

RAPD did not distinguish between MEE subgroups HI and VIII. Of 15 cytoplasmic enzymes 

and 4 OMPS tested by MEE only 1 enzyme and 1 OMP differed between these subgroups 

(16). Similarly, no differences were found by MLST (9). 

MEE subgroups V and VII also clustered together in the RAPD dendrogram. Strains from 

these subgroups possess related por A alleles (14), identical iga alleles (10) and serologically 

indistinguishable pilin classes (16). They were indistinguishable by MLST (9) and only 

differed consistently at 2/15 housekeeping enzymes and 2/4 OMPs by MEE (16). 

MEE subgroup II was split into two clusters by RAPD, ETs 39 and 40, which were closely 

related to subgroup I, versus ET-41. Strains from the two clusters were isolated in different 

geographical locations with an interval of more than 20 years. ET-41 strains were isolated in 

the U.S.A. prior to World War H, whereas the ET-39 and 40 strains were isolated in Djibouti 

in the 1960s. These strains have not yet been tested by MLST. Finally, the supposed ET-28 

strain B534 was found to be distinct from ET-28 and other subgroup I strains. Subsequent to 

this analysis, MLST confirmed that B534 is distinct from all known serogroup A 

meningococci. 

Both RAPD and MEE differentiated subgroups IE, IV-1 and IV-2. Almost identical iga and 

opa alleles as well as a 5 kb DNA stretch flanking one of the opa alleles of older strains from 

these subgroups was taken as evidence (10) that strains in these three subgroups had 

descended from a common ancestor since 1800. More recent strains, isolated over 2 - 3 

decades, showed microevolution due to mutations, translocations and import of DNA from 

unrelated Neisseria. The results from both RAPD and MEE are consistent with the 

accumulation of differences between these subgroups since their descent from a common 

ancestor. Furthermore, RAPD and MEE are more sensitive than is MLST, which did not 

differentiate between subgroups IV-1 and IV-2 (9). 

Six of the Dutch serogroup A strains isolated in the Netherlands in 1989 - 1993 clustered 

within the known subgroups I and IE. Subgroup I strains had been isolated from Holland in 

the 1970's (11) and pilgrims returning from the Mecca epidemic of 1987 brought subgroup UI 

strains to Europe (10). These results show that new isolates can be linked to previously 

identified genotypes using a computerized database of RAPD patterns. 

Interestingly, ten endemic serogroup A Dutch strains were assigned to a novel subgroup 

which had not been formerly detected among strains from epidemic disease. We propose the 

designation subgroup IX for this subgroup. It is currently unclear whether subgroup DC strains 

have epidemic potential and will be isolated from other countries in the future or whether they 

will remain restricted to the population in the Netherlands. Strains from some other 

subgroups have also only been isolated from single regions (subgroups V, VU, VIII from 

36 



RAPD of serogroup A meningococci 

China, subgroup VI from former East Germany and Scandinavian countries, MEE ET-47 

from Scotland). Strains belonging to subgroup V have caused large epidemics in China 

although they have never been isolated elsewhere (16). These results indicate that the current 

strain collection of serogroup A meningococci is incomplete and that additional subgroups 

will be recognized as strains from other geographical areas are tested. 

One strain of serotype 15 was closely related to serogroup B strains of the ET-5 complex (3) 

by MEE. Other inconsistencies between serogroup and clonal structure have been described. 

Subgroup VI contains strains of serogroups A, B and C , and a serogroup B strain belonging 

to subgroup m has been described (16). Sequence data has indicated that serogroup B and C 

meningococci can exchange genes encoding the capsular polysaccharide serogroup, probably 

by natural transformation (15). Similar mechanisms are probably responsible for the 

discrepancy between serogroup and clonal structure described here, namely that the genes 

encoding serogroup B or C capsular polysaccharide had been replaced by a gene cassette 

encoding the A polysaccharide within an ancestor of the serotype 15 strain. 

In conclusion, RAPD analysis is reproducible, yields results that are similar to those of MEE 

and MLST, is more easily implemented in many laboratories than MEE and is considerably 

cheaper than MLST. RAPD is a relatively simple method for rapid identification of strains 

from endemic and epidemic situations, especially when combined with a computerized 

database that enables correlation between strains analyzed at different time periods. Like 

MEE and MLST, RAPD is based on multiple loci scattered around the chromosome and is 

less sensitive to the effects of horizontal genetic exchange than are methods based on single 

loci. 
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