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Previous epidemiological studies of Chlamydia trachomatis frequently have required expansion of isolates in
tissue culture. The possibility that C. trachomatis omp1 might undergo mutation during such expansion has not
been examined systematically. We found no differences in the omp1 sequences from 10 clinical specimens before

and after 20 in vitro passages.

The omp1 gene of Chlamydia trachomatis encodes the major
outer membrane protein (MOMP), an immunogenic surface
protein containing serotype-specific epitopes (1, 4-6, 10, 20-
23). MOMP appears to be the most variable genetic marker for
C. trachomatis, making ompl genotyping a useful epidemio-
logic tool. Several laboratories have observed ompl sequence
variation within serovars (2, 7, 9, 11, 18). It has been suggested
that such variation reflects adaptation in response to host im-
mune selection, allowing organisms to evade host immune
defenses (2, 14).

While clinical diagnosis of chlamydial infection no longer
requires expansion of organisms in vitro, experimental proce-
dures frequently do, in order to provide sufficient quantities of
organisms for neutralization assays, antibiotic susceptibility
testing, and examination of growth rates, etc. For these rea-
sons, it is important to know the frequency with which in vitro
mutations that could affect phenotype might occur. Moreover,
the possibility that some of the previously observed mutations
in ompl might have occurred during in vitro growth has not
been examined systematically. There is precedent indicating
the need for such an analysis. Differences in the ompI nucle-
otide sequences of the reference strains E/Bour (8, 15) and
B/TW5/OT (12, 17) have been reported. Since the isolates of
origin were presumably the same, the possibility arises that in
these cases MOMP might have undergone mutation during
unrestricted in vitro growth. To test this hypothesis, we ob-
tained the omp1 sequences from 10 clinical specimens contain-
ing C. trachomatis and compared them to the sequences of
ompl from these 10 isolates after 20 in vitro passages.

Two isolates each of the five most prevalent serovars in our
population—D, E, F, I, and J—were chosen (Table 1) from
clinical urogenital specimens from which C. trachomatis previ-
ously had been isolated and immunotyped (19). All specimens
consisted of the original transport medium into which a swab
specimen had been inoculated and which had been maintained
at —70°C. Each specimen was split into two aliquots. One
aliquot was used for sequencing, and the other was used for
expansion in vitro, as previously described (13). Seventy-two
hours postinoculation, one vial from the passage of each iso-
late was reimmunotyped by fluorescent-antibody staining with
serovar-specific monoclonal antibodies (19). The remaining
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vials were further passaged, as previously described (13). At
passages 5 and 10, vials for each isolate were again stained with
serovar-specific monoclonal antibodies to verify the integrity of
the passage. There was insufficient volume in original specimen
115718 for sequencing and expansion. Therefore, the initial in
vitro expansion was used as the “original” sample for sequenc-
ing. All isolates were grown for 20 passages with the exception
of isolate 115644, which failed to grow after the sixth in vitro
passage. DNA extraction was done as previously described
(18).

PCR was done with the following primers specific to the C.
trachomatis MOMP: MOMP-108 (5'-GGC CAT TAA TTG
CTA CAG GAC ATC TTG TC-3'), located 108 bp upstream
of the ATG initiator, and RVS-END (5'-AAG YCG AGC
CCA GAA AYA CGG ATA GTG-3'), located about 80 bp
downstream of the terminal TAA. One negative control reac-
tion was run for every seven experimental reactions. DNA
amplification was done in duplicate with PCR Core Kit Plus
uracil-DNA-glycosylase (Boehringer Mannheim, Indianapolis,
Ind.), as previously described (18). Nested reamplifications
were required for the original clinical specimens due to the low
yield of chlamydial DNA in these samples (18). Negative con-
trols from the first round of amplification were also used as
templates in the nested reamplifications of negative controls.

TABLE 1. Isolates used in this study and consecutively passaged 20
times in vitro

GenBank accession

Isolate Source Serovar Genotype” no. (reference)
115053 Urethra I Ia AF063201 (18)
115245 Cervix F F X52080 (24)
115328 Cervix F F X52080 (24)
115644° Urethra E E X52557 (15)
115718¢ Cervix J Ja AF063203 (18)
116015 Cervix D D2 AF086854
116293 Cervix D D6 AF086855
117424 Cervix E E X52557 (15)
117542 Urethra J J2 AF086856
123130 Cervix I Ia AF063201 (18)

“ Genotypes were established by direct DNA sequencing of the ompl PCR
product amplified from each isolate before and after 20 passages in vitro.

® This isolate did not expand in vitro. Only the clinical specimen was se-
quenced.

< An aliquot of the first in vitro passage was used as the original specimen for
sequencing.



VoL. 36, 1998

Serovar D: Prototype- D/B120 (Sayada et al., 1992)

Isolate 116293; genotype D6

154
G A
AlThr
Isolate 116015; genotype D2
132 154 184 186 195 223 228
CTG»AGATGCTA+GTA
silnt {Ala Thr| Val Met | silent |Lys Glu| silent
Serovar I: Prototype- [/UW12 (Stothard et al., 1998)
Isolates 115053 and 123130; genotype la
277 526 684 764 840 1000 1007
GAGAGATCT_»GT_»GC+G
Val"lle |Val"lle | silént | Ile "Thr| silent |Ser "Ala|Ala Gly
Serovar J: Prototype- J/JUW36 (Stothard et al., 1998)
Isolate 115718; genotype Ja
268 269 310 499 522 526 555
AGCTG+AG+TT+GT+AGA
Thr = Val |Val"Tle |Ala"Ser |Asn Lys |Phe "Ile | silent
Isolate 117542; genotype J2
195 198
| T . C|T _A]|
silent  silent

NOTES 3687

246 249 636
T C G_> C A+ T

silent |GIn His{ silent
1008-9 1011 1017 1116 1143

AGC A$T A_’C T_»C T_»C

Ser {Glu Asp|Glu Asp| silent | silent

681 684 813 997 1020 1101 1102 1110
GAAGCTG»A C+AGAA+G AA’G
silént | silént | silént |Val lle Asp Glu| silent |Thr Alaj silent

FIG. 1. Nucleotide and amino acid changes in the ompI genes of isolates analyzed in this study which exhibited unique genotypes compared to those of prototype
strains. Nucleotide bases and amino acids listed to the left of each arrow are those in the prototype strain. Nucleotide bases and amino acids listed to the right of each
arrow are the substitutions found in the study isolate. Nucleotide bases and amino acids listed in italics are residues located in variable regions of the ompl genes.
Numbers above the nucleotide and amino acid changes indicate the base pair positions of the substitutions in the ompI genes. Genotype designations (D2, D6, J2) are
arbitrary but were derived by comparing the ompl nucleotide sequence of the variant isolate to the most closely related prototype sequence and numbering the new
genotype in succession (e.g., D2 is a variant of the D prototype [16] and was the second D variant discovered in the Indianapolis population).

Replicate PCR mixtures were pooled for sequencing. Auto-
mated sequencing was performed by Merlin Core Services
(Vista, Calif.). The sequence of ompl was determined for each
original specimen and for each isolate after 20 in vitro pas-
sages. Sequences were aligned manually by using the program
ESEE (3).

ompl from all 10 specimens was successfully amplified by
nested reamplification with the original specimen as the tem-
plate. The resulting PCR product was approximately 1,050 bp
(18). Full-length PCR products for ompl were obtained from
all isolates after expansion in cell culture with the exception of
115644. Sequencing results are summarized in Fig. 1. Where
sequence was obtained for both the original specimen and the
expanded isolate, sequences were identical. Several strains ex-
hibited variation compared to published prototypes (Fig. 1).
Although isolate 115644 could not be expanded in cell culture,
the ompl sequence of the original specimen and the ompl
sequences of the other serovar E isolate, 117424, were identical
to that of E/Bour reported by Peterson et al. (15) and con-
firmed by us (18). This differs from the E/Bour sequence re-
ported by Dean and Millman (8) by 10 nucleotides and four
amino acids.

The nucleotide sequences for B/TW5/OT (12, 17) and
E/Bour (8, 15) ompl have been reported twice. The two
B/TW5/OT sequences differ by five synonymous substitutions,
four of which occur in conserved region 1. The two E/Bour
sequences differ from each other in conserved regions of ompI
by 10 nucleotides and four amino acids. We also have se-
quenced our stock of E/Bour, which we have had since 1993,
and found it to be identical to that reported by Peterson et al.

(15). Since in each case the strains are purported to be from
different stocks of the same isolate, one difference between
them may be the time grown in vitro. Therefore, it is legitimate
to suggest that prolonged expansion in cell culture could have
led to the reported differences in omp]I.

Alternatively, as these two strains were identified and clas-
sified at a time when immunotyping was the only means of
classification, it is possible that they are not from the same
stock but represent two different strains of the same serovar.
Indeed, the data presented here suggest that serial passage in
cell culture does not induce mutations in ompl with any fre-
quency under normal in vitro conditions. Consequently, it is
reasonable to assume that ompl sequences derived from ex-
panded clinical specimens accurately represent the sequences
of the organisms recovered from the infected person. How-
ever, this study does not address the extent to which variation
might arise during in vivo passage (natural infection). There
are multiple factors in natural infections, including the effect of
the host immune response on MOMP, which are not dupli-
cated in tissue culture but which could induce changes in the
gene coding for this protein.

This work was supported by grant AI-31494 to R.B.J. from the
National Institute for Allergy and Infectious Diseases, National Insti-
tutes of Health.
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