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Abstract

Streptococcus parauberis, a Gram-positive coccus, was reported as a fish
pathogen for the first time in Spain in 1996. In Japan, S. parauberis has been
recognized as a pathogen of Japanese flounder Paralichthys olivaceus since 2002.
According to the results of slide agglutination test with rabbit antisera, the isolates
from flounder have been divided into two serotypes, termed serotypes I and II. In
streptococci, a variety of serotypes are generally due to differences of the capsular
polysaccharide (CPS) antigens on their cell-surface, which are synthesized by the cps
gene cluster on the chromosome. Since 2008, S. parauberis isolates that did not
agglutinate with anti-serotype 1 or II sera were occasionally found, suspecting that
there exist new serotypes in S. parauberis. Accurate identification of pathogens is
important for the epidemiological study, pathogenic study, and therapy of the infection.
This study was aimed to reexamine the serological relationship among the stocked S.
parauberis strains including the non-agglutinating ones and also to investigate the

correlation between the serotypes and structure of cps loci of S. parauberis.

In Chapter 1, the serotypes of stocked S. parauberis strains were reexamined
using a newly prepared rabbit antiserum against a representative of non-agglutinating
strains (NUF1071) as well as previously prepared anti-serotype I and II sera, and also
pulsed-field gel electrophoresis (PFGE) was conducted to clarify the genetic
relationship among the strains. An antiserum cross-absorption test and microtiter
agglutination test revealed that the serotype I was divided into three subserotypes,
designated la, Ib and Ic, of which the non-agglutinating strains belonged to the
subserotype Ic. Of the 104 serotype I strains, 6, 91 and 7 strains belonged to
subserotypes Ia, Ib and Ic, respectively. Formalin-killed cells (FKC) of subserotype Ia
and Ic strains showed high agglutination titers against the anti-la (so far being used as
an anti-serotype I serum) and Ic sera, respectively. Subserotype Ib strains agglutinated

with the both sera. In PFGE analysis, the stocked 188 S. parauberis strains were



classified into three clusters; clusters I, IT and III consisted of subserotypes Ib/Ic and
Ia and serotype II, respectively. Non-typeable (NT) strains which agglutinated with
both anti-serotype I and II sera were thought to be non-capsulated and belonged to
cluster I or IIl. Differentiation of S. parauberis by serotyping and genotyping is useful

for epidemiological studies.

In Chapter 2, using inverse-PCR technique, the nucleotide sequences of the
cps loci of six representative strains were determined. The length of the cps loci of S.
parauberis KRS02083 (Ia), NUF1003 (Ib), NUF1071 (Ic), NUF1032 (II), 2007-1
(NT, Cluster I) and NUF1095 (NT, Cluster I1I) was 18,910, 19,334, 19,334, 19,920,
19,334 and 19,920 bp, respectively. The genes involved in CPS biosynthesis
comprised a gene cluster with cassette-like structure, and type-specific genes were
flanked by conserved genes. The upper conserved region of the ¢ps locus consisted
of five regulatory genes and one processing gene, which were common to all the six
strains. The type-specific region contained the genes that encoded an initial
glycosyltransferase,  polysaccharide  polymerase (wzy), flippase  (wzx),
glycosyltransferases, acetyltransferases and aminotransferases and modifying
enzymes. These structures suggest that the capsule of S. parauberis is synthesized
by the Wzy-dependent pathway. Although the type-specific region was varied
among KRS02083, NUF1003 and NUF1032, several common genes existed
between KRS02083 and NUF1003. This would explain the cross reactivity in
agglutination test between subserotypes Ia and Ib. The type-specific regions of
NUF1071/2007-1 and NUF1095 had the same genetic structure as NUF1003 and
NUF1032, respectively. There were only a few base substitutions found among them.
Three of seven subserotype Ic strains harbored an IS (insertion sequence) element in
the cps locus. This and a few base substitutions in the genes of cps locus would
cause the change of amino acid and protein structure which resulted in the loss of
enzyme activity and, hence, would cause the diversification of capsular

polysaccharide structure or non-capsulation .



In Chapter 3, a multiplex PCR method for the detection of S. parauberis
serotypes was developed based on the studies in the previous chapter. Serotype-
specific primer sets were designed from the wzy gene sequences of S. parauberis
with the expected product length of 213, 303 and 413 bp for subserotypes la and
Ib/Ic and serotype 1, respectively. The test results were consistent with those of
agglutination test using antisera. Moreover, NT strains could be classified into
serotype Ib/Ic or II, which was correlated with PFGE clusters. None of the other
streptococcal species or the other pathogens of Japanese flounder showed positive
reaction. Accordingly, the present multiplex PCR method was considered as an
alternative to agglutination test for identification of S. parauberis and determination

of the serotypes simultaneously.

In this study, reexamination of the serological relationship among the S.
parauberis strains demonstrated that there were five serological phenotypes
(subserotypes Ia, Ib and Ic, serotype II and nontypeable). The research on the genetic
structure of c¢ps loci brought about the foundational knowledge on the capsular
polysaccharide biosynthesis pathway and the reasons for the presence of serological
variation in S. parauberis, and, in addition, an accurate, rapid detection method for
this pathogen was developed. The current study would help understand the pathogen

and contribute to the future study for prevention and treatment of the disease.
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Introduction



Streptococcal infection in aquaculture is considered to be a reemerging disease
around the world and was initially reported in cultured rainbow trout Oncorhynchus
mykiss in Japan (Romalde and Toranzo, 1999). There are at least six different species
are known as significant pathogens of fish streptococcal infection including:
Lactococcus garvieae, Lactococccus piscium, Streptococcus iniae, Streptococcus
agalactiae, Streptococcus parauberis and Vagococcus salmoninarum. Among these
fish streptococci, S. parauberis was initially reported in Spain with physiological,
biochemical and 16S rRNA gene sequence analysis of the isolates from turbot
Scophthalmus maximus (Doménech et al., 1996). Since then, this pathogen caused
high economic losses in cultured turbot in Spain and Japanese flounder Paralichthys
olivaceus in Korea (Toranzo et al., 2005; Baeck et al., 2006). The diseased fish
showed exophthalmia, hemorrhages of the eyes and jaw, and abdominal distension.
Traditional treatment with frequently using antibiotics often resulted in occurrence of
bacterial resistance and remnants of antibiotics, thus, vaccination strategies were
increasingly becoming important.

In Japan, S. parauberis has become a major pathogen of Japanese flounder
instead of S. iniae since 2002 (Kanai et al., 2009). According to the slide agglutination
test with rabbit antisera, the isolates from flounder have been divided into two
serotypes, termed serotypes I and II (Kanai ef al., 2009). Reliable methods for strain
differentiation are important for epidemiological studies and diagnoses of disease.
Although serotyping continues to be a useful tool for epidemiologic surveillance, with
the development of molecular techniques, the methods such as plasmid fingerprinting
(Tenover, 1985), ribotyping (Stull et al.,1988), PCR-based methods (van Belkum,
1994) and pulsed-field gel electrophoresis (PFGE) can be used simultaneously for
supplementing strain typing. Using several molecular methods for typing, Liebana et
al. (2001) demonstrated that the isolates in the genus Sa/monella from farm animals in
the United Kingdom could be differentiated to five selected serovars by PFGE
analysis. Fakhr et al. (2005) indicated that PFGE was superior to multilocus sequence

typing in identifying strains of S. enterica serovar Typhimurium. PFGE exhibits



exceptional discriminatory power and is acknowledged as ,,gold standard™ for
assessing isolate interrelationships. As a trend, traditional methods combined with
molecular techniques for identification of strains are thought to be useful for
epidemiological studies of fish pathogens.

In streptococci, capsular polysaccharides (CPS) are considered as virulent factors
and components of vaccines. They are surface antigens most likely related to the
serotypes. The diversity of polysaccharide structures due to variety of sugars and
glycosidic linkages is reflected in the different serotypes among species. There
reported at least ninety-one capsular serotypes in S. pneumoniae (Yu et al., 2008) and
thirty-three for S. suis (Liu et al., 2013). Hence, the studies that can lead to
understanding the construction of CPS are required. Generally, CPS biosynthesis is
responsible by genes which are cluster in a single locus on the chromosome (Roberts,
1996) with a rare exception (Patrick et al., 2010). The biosynthesis of CPS requires a
complex pathway, where there are two major pathways termed Wzy-dependent and
synthase-dependent pathways in Gram-positive bacteria. The genetic loci of
Wzy-dependent pathway are more complex than those of synthase-dependent pathway
(Yother, 2011). In Wzy-dependent pathway, the genes that encode the initial
glycosyltransferase, Wzy polymerase and Wzx flippase are essential, and CPS
biosynthesis may be performed as followings: an initial sugar is linked to a
membrane-associated lipid carrier (undecaprenyl phosphate) by the initial
glycosyltransferase to form the Und-P-P-Glec, to which glycosyltransferases link
further monosaccharides sequentially to generate repeat units. Then, the repeat units
are transported to the outer surface of the cytoplasmic membrane by Wzx flippase,
and each repeat unit is polymerized to form the lipid-linked CPS by Wzy polymerase.
Finally, mature CPS is translocated to the peptidoglycan by the membrane protein
complex (Bentley et al., 2006). In synthase-dependent pathway, polysaccharides
usually consist of only one or two sugars, and the genes that encode the synthases and
UDP-Glc dehydrogenases are essential for synthesis of these polymers. In all the

serotypes of S. pneumoniae, only the serotype 3 and 37 are synthesized by the



synthase-dependent pathway and the others are synthesized by the Wzy-dependent
pathway (Yother, 2011).

In fish streptococci, it was demonstrated that L. garvieae exhibited two
serogroups base on the presence (phenotype KG ) or absence (KG') of a capsule
(Yoshida et al., 1996). In S. iniae, two serotypes (I and II) with different capsule
composition were clarified (Bachrach et al., 2001). Although Kanai et al., (2009)
demonstrated that there exist two serotypes (I and II) in S. parauberis, upon the
diagnosis, some S. parauberis isolates that did not agglutinate with anti-serotype I or
I sera were occasionally found. These may give a serious suggestion that new
serotypes exist in this pathogen. So the epidemiologic surveillance thinks to be
desperate to predict the potential outbreak. On the other hand, in order to well explain
the phenotypic diversity of serotypes in S. parauberis, the closely associated genetic
study is also required. Studies on the genetic loci of CPS biosynthesis may lead to a
better view to understand the mechanism of serotype diversity and contribute to
development of a novel molecular serotyping method which needs less time and
expense. Above all, in this study, serological and genetic typing (Chapter 1),
characterization of c¢ps gene clusters (Chapter 2) and a PCR molecular serotyping

method (Chapter 3) of S. parauberis are described, respectively.



Chapter 1

Serotyping and genotyping of S. parauberis strains isolated from

Japanese flounder



1.1 Introduction

Previous study demonstrated that there were two serotypes in S. parauberis
(Kanai et al., 2009). However, some S. parauberis isolates which did not agglutinate
with anti-serotype 1 or II sera were found occasionally from 2008, suggesting new
serotypes may exist in S. parauberis. In this chapter, serological relationship among
the non-agglutinating and agglutinating strains was investigated using rabbit antisera
raised against the non-agglutinating strain as well as serotype I and II strains.
Pulsed-field gel electrophoresis (PFGE) was also conducted to clarify the genetic

relationship among the strains.

1.2 Materials and Methods

Bacteria

A total of 188 strains of S. parauberis isolated from diseased Japanese flounder
between 2002 and 2012 were used (Table 1.1). They were stocked at -80€ in Todd
Hewitt broth (TH; Difco) supplemented with 10% glycerol. For preparation of
formalin-killed cells (FKC), bacterial cells of each strain grown in TH broth or agar at
27€ for 24 h were inactivated with 0.5% formalin for 2 days, washed with sterilized
phosphate-buffered saline, pH 7.2, (PBS) and resuspended in PBS at 100 mg/mL.

FKC suspension was added with 0.1% formalin as preservative and stored at 4€C .

Identification of S. parauberis by PCR

The strains were identified as S. parauberis by PCR targeted the partial 23S
rRNA gene with the primer pair: S.para-F (STTTCGTCTGAGGCAATGTTG3') and
S.para-R (5'GCTTCATATATCGCTATACT3') (Mata et al., 2004). PCR reaction
mixture contained colonies of S. parauberis, 0.25 uM of each primer, 2.5 pL of 10 x
Ex Taq buffer (Mg plus), dNTP mixture (0.2 mM each) and 1.25 U of Ex Taq DNA
polymerase (Hot Start Version, Takara) to a total volume of 25 pL by adding with
deionized distilled water. PCR amplification was conducted in a thermal cycler and

started by denaturation at 95€ for 3 min. Then, the PCR mixture was subjected to 25



cycles of denaturation at 98€ for 10 s, annealing at 55€ for 30 s and extension at
72€ for 45 s. A final extension was performed at 72€ for 7 min. The PCR products
were analyzed by electrophoresis in 1.2% agarose gel and stained with ethidium

bromide.

Antisera

Rabbit antisera were raised against FKCs of S. parauberis NUF1003 (serotype
I) and NUF1071 (a non-agglutinating strain) according to the previous report (Kanai
et al., 2009). The antisera against the strains KRS02083 (serotype 1) and KRS02109
(serotype II) prepared in the previous study (Kanai ef al., 2009) were also used. The
strains KRS02083 and KRS02109 were isolated in Kagawa Prefecture in 2002,
NUF1003 was isolated in Shimane Prefecture in 2004, and NUF1071 was isolated in

Nagasaki Prefecture in 2008.

Microtiter agglutination test

A two-fold serial dilution of rabbit antisera in PBS was carried out in a 96-well
microtiter plate. To 25 pL of serially diluted antisera, the same volume of FKC
suspension (approximately 2 mg/mL in PBS) of each strain was added, and the
mixture was agitated thoroughly and incubated at 4€ overnight. Agglutination titer
was expressed by the reciprocal of the highest dilution of antiserum at which more

than 90% of FKC agglutinated.

Preparation of absorbed antisera

For antiserum cross-absorption test, absorbed antisera were prepared by mixing
each antiserum with the FKC (200 mg/mL of antiserum) of an absorbing strain and
incubating at 4€C overnight. After centrifugation (13,000 Xg, 2 min), the supernatant
was designated the absorbed antiserum. The absorption procedure was repeated until

the agglutination titer against the absorbing FKC became <4.



PFGE analysis

Bacterial cells grown on TH agar at 27€ overnight were washed twice and
suspended at 4.5 X 10° CFU/mL in TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH
8.0). Gel plugs were made by mixing 110 pL of the bacterial suspension with the
same volume of 1.6% low melting-point agarose (Bio-Rad) in TE buffer using PFGE
molds (Bio-Rad). Each solidified plug was placed into 380 pL of lysozyme solution
(10 mM Tris-HCI, 50 mM NaCl, 5 mg/mL lysozyme, pH 7.2) and incubated at 37€
for 3 h with gentle shaking. After the lysozyme solution was discarded, 780 pL of
proteinase K solution (0.1 M EDTA, pH 8.0, 1% sodium N-lauroylsarcosinate, 0.5%
SDS, 0.25 mg/mL proteinase K) was added and incubated at 50C for 20 h. Plugs
were washed 3 times in TE buffer supplemented with 1 mM phenylmethylsulfonyl
fluoride for 1 h at room temperature and twice in 10 mM Tris-HCI (pH 8.0) at 4€ for
20 min with gentle shaking. Smal (Takara), at a final concentration of 1 U/mL, was
used for restriction endonuclease digestion at 30€ for 40 h according to the
manufacturerS instructions. PFGE was performed in 1% agarose gel (Pulsed Field
Certified Agarose, Bio-Rad) using a CHEF-DR III system (Bio-Rad) at 6 V/cm for 18
h at 14€ with pulse time switched from 0.5 s to 25 s under included angle 120°. The
gel was stained with ethidium bromide for 30 min, destained in distilled water and
photographed under UV light. The banding patterns were compared using ATTO Lane
& Spot Analyzer ver 6.0 software. Dendrogram was constructed based on the
unweighted pair group method with arithmetic averages (UPGMA) with MEGA ver

6.0 software.

1.3 Results
Identification of S. parauberis strains
All of the strains used were identified as S. parauberis, giving expected 718-bp

PCR amplification product of 23 S rRNA gene specific for S. parauberis.

Serotyping of S. parauberis strains



From the agglutination titers of FKCs against four kinds of antiserum, 188 S.
parauberis strains were divided into five groups; three subtypes of serotype I (Ia, Ib
and Ic), serotype II and non-typeable (Table 1.2). Strains of subserotypes la and Ic
were distinguished each other using anti-subserotype la (KRS02083) and Ic
(NUF1071) sera, that is, subserotypes Ia and Ic showed high titers against anti-la and
Ic sera, respectively. Subserotype Ib strains agglutinated with these antisera showing
titers at an equal level. Although the agglutination titers of anti-Ib (NUF1003) serum
were low in comparison with the other antisera, serotype Il strains reacted weakly
with it. Out of 104 serotype I strains, 87.5% were classified into subserotype Ib.
Non-typeable strains, which showed relatively high titers against anti-subserotype Ia
(KRS02083) and serotype II (KRS02109) sera, accounted for 11.7% of the total
strains (Table 1.2).

Antiserum cross-absorption test

Antiserum cross-absorption test demonstrated the relationship among
subserotypes Ia, Ib and Ic more clearly (Table 1.3). In this test it was shown that
subserotypes la and Ic were completely separated, since cross-absorption between
them did not lower the agglutination titers of anti-Ia and Ic sera. On the other hand,
subserotype Ib could possess surface-exposed antigens common to Ia and Ic, since the

agglutination titers of these antisera were reduced after absorbed with Ib FKC.

PFGE analysis

PFGE analysis of smal-digested genomic DNAs revealed that S. parauberis
strains were divided into 40 pulsotypes and classified into three clusters according to
the distance value (>0.35) (Fig. 1.1). By clustering the pulsotypes, subserotypes Ib
and Ic belonged to the same group (cluster I) and were not separated each other.
Subserotype la and serotype II constructed respective clusters (clusters II and III).
Pulsotypes S3 and S13, and S34, S36, S38 and S39 were the main types for

subserotype Ib and serotype II, respectively. Non-typeable strains belonged to cluster I



or III.

1.4 Discussion

In this chapter the existence of three subtypes of serotype I (Ia, Ib and Ic) in S.
parauberis derived from Japanese flounder was described. Until now, serotype I has
been thought to be a single entity, and anti-serotype I (anti-KRS02083) (designated la
in this study) and II (anti-KRS02109) sera have been used for serodiagnosis of S.
parauberis in Japan (Kanai et al., 2009). Now, using anti-subserotype Ic serum as
well as anti-subserotype la serum, strains that had been classified as serotype I could
be distinguished to subserotypes la and Ib. Because serotype Ic has seldom been
isolated, unidentifiable cases of S. parauberis would scarcely be encountered even if
one uses only anti-serotype I (Ia) serum. However, upon serodiagnosis one should be
aware of the existence of the subserotypes.

Although there are few investigations on the antigens that participate in the
agglutination reaction of S. parauberis with antisera, Kanai et al. (2009) suggested
that the CPS were involved in the serological variation of S. parauberis. Therefore,
differences in agglutination titers among the three subtypes of serotype I may come
from the structural variation in CPS. Kanai et al. (2009) also reported the
serotype-specific precipitating reactions of autoclave-extracted cellular antigens of
serotype I and II strains in an agar double-diffusion test, but the test could not
distinguish between subserotypes Ia and Ib. Thus subserotypes Ia and Ib may have a
common CPS structure in part. Similarly, the same thing would be said between
subserotypes Ib and Ic, because subserotype Ib strains agglutinate with anti-serotype
Ic serum. In other streptococci, CPS synthetic gene clusters were varied according to
serotypes (Shibata et al., 2003; Mavroidi ef al., 2007; Thurlow et al., 2009; Okura et
al., 2013), indicating the relationship between CPS structure and serotypes. However,
although CPS is most likely involved in serotype specificity of S. parauberis,
antigenic cell-surface proteins or other polysaccharides such as teichoic acids and

rhamno polysaccharides (Hancock and Gilmore, 2002) may also be involved.

10



PFGE analysis of the S. parauberis strains revealed the relationship between
pulsotypes and serotypes. This suggests that the serotypes are genetically separated.
However, subserotypes Ib and Ic were not separated in PFGE analysis. As the reason
for this, minor differences in genetic structure or expression of the CPS genes might
exist between the two subserotypes. Non-typeable strains were distributed to clusters I
(subserotypes Ib and Ic) and III (serotype II). Kanai et al. (2009) found one
non-typeable strain of S. parauberis, which agglutinated with both anti-serotype I and
IT sera but did not show precipitation reaction between its autoclave-extracts and the
antisera, suggesting that the non-typeable strain was non-capsulated. The similar
phenomena were observed in the KG"™ phenotype of Lactococcus garvieae (Yoshida et
al., 1997) and K™ phenotype of S. iniae (Kanai et al., 2006). If the non-typeable strains
were non-capsulated, their CPS synthetic gene(s) may be lost or mutated (Shutou et
al.,2007; Morita et al., 2011).

Meng et al. (2009) reported five serotype I strains that harbored an ermB gene
(erythromycin resistance) on their chromosome and a fef(S) gene (tetracycline
resistance) on an 11-kbp conjugative plasmid. These strains isolated in 2002 were
originated from one prefecture. In the present study, these strains and two additional
strains isolated in 2007 and 2010 at another prefecture were revealed to be classified
to subserotype la. The latter two strains were shown to possess the 11-kbp plasmid,
but did not harbor the ermB gene (data not shown). Therefore, there is a risk of
dissemination of subserotype la strains possessing the R-plasmid in the western part
of Japan.

Serotypes of pathogens are a matter of concern not only for serodiagnosis but
also for vaccine development. At present, a commercially available combined vaccine
for S. parauberis 1/Il and S. iniae infections in Japanese flounder is used at
aquaculture farms with high efficacy. Our preliminary experiment showed a low
protective effect in fish vaccinated with FKC of subserotype Ic followed by
challenged with a virulent subserotype Ia strain, but a high protective effect was

achieved in these fish challenged with serotype Ib or in fish vaccinated with FKC of
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subserotype Ib followed by challenged with the subserotype la strain. These results
suggest that a vaccine made from subserotype Ib cells are effective against the
infections caused by the three subtypes of serotype I, because subserotype Ib cells

possess common cell-surface antigens among them.

1.5 Conclusion

1. S. parauberis isolates from Japanese flounder were divided into five serological
phenotypes; subserotypes la, Ib and Ic, serotype II and non-typeable.

2. Subserotype Ib strains possess common cell-surface antigens among serotype I.

3. By PFGE analysis of Smal-digested genomic DNA, S. parauberis strains
exhibited 40 pulsotypes and generated three clusters.

4. Pulsotypes S3, S13, S34, S36, S38 and S39 were the main genetypes.

5. Serotypes Ib/Ic, Ia and II corresponded to cluster I, II and III, respectively, and
non-typeable strains belonged to cluster I or III.

6. PFGE can be used in classification of S. parauberis and it is a useful

supplementary method for traditional serotyping of S. parauberis.
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Table 1.1. Source of S. parauberis strains used in this study

No. of strains from

Year Total
Kagawa Shimane Ehime Oita Kumamoto  Kagoshima Nagasaki
2002 11 11
2003 1 1 2
2004 3 1 2 3 9
2005 4 14 7 1 26
2006 1 6 2 2 11
2007 3 11 13 27
2008 2 12 10 1 9 34
2009 16 11 9 36
2010 2 7 8 10 27
2011 2 2
2012 3 3
Total 26 1 63 56 1 5 36 188
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Table 1.2. Serotyping of S. parauberis based on agglutination titers of FKCs against

rabbit antisera

Agglutination titer of strains belong to

Antiserum Subserotype Ia  Subserotype Ib  Subserotype Ic Serotype 11 Non-typeable
(n=6) (n=91) (n=7) (n=62) (n=22)
Anti-KRS02083 (Ia) 128~256 32~128 8~16 <4 64~>65,536
Anti-NUF1003 (Ib) <4~32 8~64 4~16 <4~32 32~8,192
Anti-NUF1071 (Ic) <4 16~128 64~256 <4 64~4,096
Anti-KRS02109 (II) <4 <4 <4 256~2,048 16~32,768
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Table 1.3. Agglutination titers of representative serotype I strains belonged to three

subserotypes against unabsorbed and absorbed antisera

Antiserum Absorbed with Agglutination titer of FKC of
FKC of KRS02083 (Ia) NUF1003 (Ib) NUF1071 (Ic)

Anti-KRS02083  Unabsorbed 128 32 4
(Type la) KRS02083 (3)* <4 <4 <4
NUF1003 (4) 16 <4 <4
NUF1071 (2) 128 32 <4
Anti-NUF1003 Unabsorbed 16 16 4
(Type Ib) KRS02083 (3) <4 <4 <4
NUF1003 (2) <4 <4 <4
NUF1071 (3) <4 4 <4
Anti-NUF1071 Unabsorbed <4 64 128
(Type Ic) KRS02083 (2) <4 64 128
NUF1003 (4) <4 <4 4
NUF1071 (3) <4 <4 <4

*No. in the parentheses indicates no. of repetition of absorption procedure.
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Fig. 1.1. Dendrogram of S. parauberis strains constructed by UPGMA cluster analysis

of the PFGE patterns of Smal-digested genomic DNA. The number of serotyped

strains in each pulsotype was showed on the right. All the strains were classified

into three clusters according to the distance value (>0.35) indicated by dotted

line across the scale bar. M, Lambda Ladder PFG Marker (New England

BioLabs); NT, non-typeable.
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Chapter 2

Characterization of genetic loci for capsular polysaccharide

biosynthesis of S. parauberis
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2.1 Introduction

Polysaccharide capsules are particular structures found on the cell surface of
many bacterial species. They are usually regarded as crucial virulent factors and have
antigenicity, which can be used for serotyping of bacteria. The diversity of capsular
polysaccharide (CPS) structures due to variety of sugars and glycosidic linkages is
reflected in the differences of serotypes (Okura et al., 2013). Generally, the CPS
biosynthetic genes are clustered at a single locus on the chromosome (Roberts, 1996)
with a rare exception (Patrick et al., 2010). The biosynthesis of CPS requires a
complex pathway, where there are two major pathways termed synthase-dependent
and Wzy-dependent pathways, which are responsible for polymerization of individual
sugars in a processive reaction and discrete repeat units in a nonprocessive reaction,
respectively, in Gram-positive bacteria (Yother, 2011).

In Chapter 1, it was demonstrated that the serotype I was subdivided into three
subserotypes, designated Ia, Ib and Ic, while non-typeable strains which agglutinated
with both serotypes I and II antisera were also found. The existence of serological
diversity suggests the presence of distinct features of c¢ps locus according to each
serotype of this pathogen. In this chapter, to investigate the correlation between the
serotypes and structure of cps loci of S. parauberis, the cps loci of the representative
strain of each serotype and two non-typeable strains were sequenced and analyzed.
The possible biosynthetic pathway and mechanisms by which the diversity arose in S.

parauberis were also discussed.

2.2 Materials and Methods
Bacterial strains and genomic DNA isolation
For DNA sequencing, four S. parauberis strains, KRS02083, NUF1003,
NUF1071 and NUF1032, were selected as the representatives of subserotypes Ia, Ib
and Ic and serotype II, respectively. Two non-typeable (NT) strains, 2007-1 and
NUF1095, which belonged to the clusters I and III in Smal-PFGE analysis,

respectively, were also included (Table 2.1). For PCR scanning (verification of the
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structure of the cps locus by amplifying the parts of the entire cps locus), 182
remaining S. parauberis strains were used (Table 1.1). All the strains were cultured on
Todd Hewitt (Difco) agar at 27€ for 24 h, and genomic DNA was prepared using
Wizard Genomic DNA Purification kit (Promega) according to the manufacturers

instructions.

Sequencing of the cps loci of S. parauberis NUF1003 and NUF1032

Initial PCR amplification and sequencing: The primer pair SPIF (5%
TATYAGYGGTATTGATAC) and SP2R (5% GGTGGRGTATCRATGAT) was
designed from the conserved region of c¢ps loci of S. agalactiae serotype Ia (GenBank
accession no., AB028896) and III (AF163833), S. thermophilus (DQ393658) and S.
iniae (AY904444), and the initial PCR was conducted to amplify a partial sequence of
the cps loci of S. parauberis NUF1003 and NUF1032. The PCR was performed on
C1000 Thermal Cycler (Bio-Rad) using 7aKaRa Ex Tag Hot Start Version (Takara).
The PCR reaction mixture (a total volume of 50 puL) contained 5 pL of x10 Ex Taq
buffer (Mg plus), 4 uL of NTP mixture (0.2 mM each), SP1F and SP2R primers
(0.5 uM each), 1 pL of template DNA and 1.25 U of Ex Tag DNA polymerase. The
condition of PCR amplification was denaturation at 95°C for 5 min, 30 cycles of
denaturation at 95°C for 30 s, annealing at 55°C for 30 s and extension at 72°C for 3
min. The PCR products were cloned into pGEM-T Easy vector using pGEM-T Easy
Vector System (Promega) with Escherichia coli JM109 competent cells (Promega),
and three clones per strain were sequenced using BigDye Terminator v3.1 Cycle
Sequencing kit and ABI PRISM 3130x1 Genetic Analyzer (Applied Biosystems).
Inverse PCR and sequencing: The adjacent upstream and downstream regions of the
sequenced site of the cps locus were amplified and sequenced successively using
inverse PCR technique (Ochman et al., 1988). Briefly, genomic DNA was digested
with each of restriction enzymes (BamHI, Bg/ll, EcoRl, EcoRV, Hindlll, Kpnl, Pstl,
Pvyull, Sphl) and self-ligated using DNA Ligation kit ver. 2.1 (Takara). Inverse PCR

was performed using 7aKaRa Ex Tag Hot Start Version with the self-ligated (looped)
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DNA and oppositely directed primer pair designed from the sequenced region of the
¢ps locus by the PCR condition mentioned above, except that the extension time was
changed to 5 min. The PCR products obtained were cloned and sequenced as above.
Inverse PCR was repeated using primers newly designated from the sequenced region
until the entire sequence data of cps locus was obtained. DNASIS program (Hitachi

Software Engineering) was used for the DNA sequence assembling.

Sequencing of the cps loci of S. parauberis KRS02083, NUF1071, 2007-1 and
NUF1095

Primer pairs were designed from the sequence data of NUF1003 and NUF1032,
and PCRs were performed to amplify the parts of entire cps loci of KRS02083,
NUF1071, 2007-1 and NUF1095 using PrimeSTAR HS DNA Polymerase (Takara).
The PCR products were sequenced directly using BigDye Terminator v3.1 Cycle
Sequencing kit and ABI PRISM 3130x1 Genetic Analyzer (Applied Biosystems). In
the case of KRS02083, inverse PCR technique was also applied, since several parts

could not be amplified.

Analysis of sequence data

Open reading frames (ORFs) were predicted using NCBI ORF finder
(http://www.ncbi.nlm.nih.gov/gorf/orfig.html) which could link to the BLAST
network server (http://blast.ncbi.nlm.nih.gov/Blast.cgi). All predicted genes were
named in alphabetical order in each serotype (e. g. cpsA-cpsR). Clustal W2.1 network
version on DDBJ (http://clustalw.ddbj.nig.ac.jp/index.php?lang=en) was used for

DNA multiple sequence alignment.

PCR scanning
To verify whether the structure of c¢ps loci of the remaining 182 S. parauberis
strains was the same as the representative strains of respective serotype, PCR that

spanned the entire region of cps locus was conducted with primer pairs listed in Table
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2.2. The primers were designed so that the neighbored PCR products overlapped each
other. The PCR was performed on C1000 Thermal Cycler (Bio-Rad) using 7aKaRa Ex
Tag Hot Start Version (Takara) and the condition mentioned above, but the annealing

temperature listed in Table 2.2 and extension time of 1 min/kb were employed.

Nucleotide sequence accession numbers

The nucleotide sequences of six S. parauberis cps loci obtained in this study
were deposited in the DDBJ/EMBL/GenBank databases under accession numbers
from LC060252 to LC060257 for KRS02083, NUF1003, NUF1071, NUF1032,
2007-1 and NUF1095, respectively.

2.3 Results

General features of the cps loci of the representative strains

By PCR amplification, cloning and sequencing, the constitution of cps loci of
six representative strains became apparent (Fig. 2.1). The length, number of ORF and
G+C content of the loci are shown in Table 2.1. The function of each gene was
predicted based on the homology of its deduced amino acid sequence with those on
the database (Tables 2.3 and 2.4). In all the six strains, predicted genes were
orientated in the same direction except the first gene, and cassette-like structure was
observed, i.e., conserved regions flanked serotype-specific genes. At the upper
conserved region of the cps locus, there were five regulatory genes, /ysR and
cpsABCD (also known as wzg, wzh, wzd and wze), and one processing
(epimerase/short-chain dehydrogenase) gene (cpsE) sequentially, which were
conserved with high sequence identity among all the six strains (>99%) (S1) (S=
supplemental data listed in this thesis). Each of the two genes, cpsQ and cpsR, at the
lower conserved region also showed high identity among the strains (>96%) (S2). In
the serotype-specific region, genes that encode the initial glycosyltransferase,
polysaccharide polymerase (wzy) and flippase (wzx) were present at different

locations along with genes encoding enzymes such as glycosyltransferase,
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acetyltransferase, aminotransferase and modifying enzymes (Fig. 2.1). As shown in
Tables 2.3 and 2.4, most of the genes in the conserved region showed the highest
identity with those of Streptococcus uberis, while the genes in the serotype-specific

region did not necessarily show the high identity with them.

Comparison of the six cps loci

The nucleotide sequences of serotype-specific regions of NUF1003
(subserotype Ib), NUF1071 (subserotype Ic) and 2007-1 (NT type, Smal-PFGE
Cluster I) were almost identical and those of NUF1032 (serotype II) and NUF1095
(NT type, Smal-PFGE Cluster I1I) was also almost identical. The difference between
NUF1003 and NUF1071 was only two single-base substitution found in cps/bM and
cpsIbN. Similarly, the difference between NUF1003 and 2007-1 and between
NUF1032 and NUF1095 were three and two single-base substitution in cpsC, cpsIbG
and cpsIbM and in cpsC and cps2G, respectively (S11-S15). From these results it is
suggested that there are three kinds of cps locus among serotypes and subserotypes in
S. parauberis, namely the loci for subserotype la, subserotypes Ib/Ic and serotype II
(Fig. 2.1).

Sequence homology of the deduced amino acid sequences of the genes in the
serotype-specific regions is shown in Table 2.5 (S3-S5, S9, S10, S16-S18). In many
genes the homology values between subserotype la and Ib/Ic were higher than those
between subserotype Ia and serotype II or between subserotypes Ib/Ic and serotype 11

(S6-S10, S16-S18).

PCR scanning of cps loci

Expected sizes of amplification products listed in Table 2.2 were obtained in
182 S. parauberis strains except three strains belonged to subserotype Ic, suggesting
all the strains possess the same genetic structure of cps loci as representative strains of
respective serological phenotypes. In the three subserotype Ic strains one of PCR

products was longer than that obtained in NUF1071 (S20). Sequencing of the PCR
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product revealed that an 1SSdy I-like element (GenBank accession no., AJ250837) was
inserted in cpsIbN (S19).

2.4 Discussion

Many bacterial pathogens have a number of antigenic variants due to
differences in the polysaccharides present at their cell surface. In streptococci, the
cell-surface polysaccharides are most likely known as CPS. The biosynthesis of CPS
always needs some essential enzymes with a complex pathway. The CPS of
Streptococcus pneumoniae has been well studied and are known to be generally
synthesized by the Wzy-dependent pathway (Bentley et al., 2006; Yother, 2011). In
this study, the genes in the c¢ps loci were deduced to encode the initial
glycosyltransferase (Undecaprenyl-phosphate galactose phosphotransferase), Wzy
polymerase and Wzx flippase, which were needed for the Wzy-dependent pathway.
Capsule biosynthesis may be performed as followings: an initial galactose is linked as
a galactose phosphate to a membrane-associated lipid carrier (undecaprenyl
phosphate) by the initial glycosyltransferase to form the Und-P-P-Gal, to which
glycosyltransferases link further monosaccharides sequentially to generate repeat
units. Then, Wzx flippase transports the repeat units to the outer surface of the
cytoplasmic membrane, and each repeat unit is polymerized to form the lipid-linked
CPS by Wzy polymerase. Finally, mature CPS is translocated to the peptidoglycan by
the membrane protein complex (Bentley et al., 2006).

The genes involved in CPS biosynthesis of S. parauberis comprised a gene
cluster of cassette-like structure, i.e., conserved genes flanked serotype-specific genes,
which is also found in other streptococcal species, such as S. pneumoniae, S.
agalactiae and S. thermophilus (Wessels, 1997). lysR encoding a transcriptional
regulator that belongs to the type 2 periplasmic binding fold protein superfamily can
control the synthesis of virulence factors and may play the regulatory role in the CPS
biosynthetic operon. CpsAis similar to LytR of Bacillus subtilis and could be a

transcriptional regulator. cpsA-deleted mutants of S. pneumoniae and S. agalactiae
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have been proved to produce less capsule (Cieslewicz et al., 2001). CpsBCD are
considered to be a tyrosine kinase phosphoregulatory system which can affect the
polymer length. CpsD with the activity of initial phosphorylation requires intracellular
interaction with CpsC, while CpsB can block the initial phosphorylation of CpsD, as a
kinase inhibitor (Bender and Yother, 2001). The CpsBCD system can be affected by
oxygen levels, and reduced aeration conditions were found to correlate with increases
in both CpsD phosphorylation levels and capsule production (Weiser et al. 2001).
cpsE identified in Campylobacter jejuni encodes sugar-nucleotide-modifying enzyme
involved in the biosynthesis of surface carbohydrates (Creuzenet, 2004). It can affect the
synthesis of branched chain. In the serotype-specific region, the genes encode the
enzymes to construct the repeat units, including an initial glycosyltransferase,
additional glycosyltransferases, Wzx flippase, Wzy polymerase and enzymes to
modify the repeat units (Yother, 2004). At the lower conserved region, there are two
genes, one of which (cpsQ) encodes a protein similar to WbpA, an enzyme involved
in the biosynthesis of unusual di-N-acetyl-d-mannosaminuronic acid-derived sugar
nucleotides found in the O antigen of Pseudomonas aeruginosa PAO1 (Miller et al.,
2004), while the other one encodes hypothetical protein.

The result of PCR scanning suggests that the cps locus of S. parauberis is
generally conserved among different strains of the respective serotypes. The G+C
contents of cps loci (31.07%-31.51%) were lower than those of whole-genome
(35.48%-35.60%) (Nho et al., 2013) indicated that the genes of cps loci may be
imported from other sources. With comparing the structure of the cps locus, the
distinct features of the cps locus were observed in serologically different phenotypes
except subserotypes Ib and Ic. Between subserotypes Ib and Ic and between
nontypeable strains and serotypes Ib/Il, there are several single-base substitution,
which may lead to the change of amino acid or the appearance of earlier stop codon
(S1, S11-15), and insertion events in the case of subserotype Ic strains (S19). They
could affect the biosynthesis and structure of CPS and lead to reflect in the generation

of nontypeable phenotype and subserotypes (Wang et al., 2011a; Lakkitjaroen et al.,
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2014). High similarities of genes in the serotype-specific region of subserotypes Ia
and Ib/Ic could participate in construction of common CPS structure, which resulted
in antigenic cross reactivity between them (Kanai et. al., 2015).

In this chapter it was demonstrated that the three kinds of serotype-associated
cps locus existed in S. parauberis. In order to better understand the mechanism of
diversity arisen among the serological phenotypes of this pathogen, studies on the
CPS structure and activity of each gene product will be necessary by biochemical and
genetic research such as mutant construction. In this regard, the present findings will
be an important base for further studies. On the other hand, current works may also
contribute to the development of a novel molecular method which can diagnose

serotypes rapidly and less expensively.

2.5 Conclusion

1. The length of ¢ps loci for NUF934, NUF1003, NUF1071, NUF1032, 2007-1 and
NUF1095 was 18,910, 19,334, 19,334, 19,920, 19,334 and 19,920 bp,
respectively.

2. The genes involved in CPS biosynthesis of S. parauberis comprised a gene cluster
of cassette-like structure and the biosynthesis of CPS in S. parauberis may be
operated by the Wzy-dependent pathway.

3. In S. parauberis, there were three distinctly different c¢ps loci corresponded to five
serological phenotypes. The loci of subserotypes Ib and Ic were almost identical.
The loci of non-typeable strains which belonged to cluster I and III of Smal-PFGE
analysis were also almost identical to the subserotype Ib/Ic and II, respectively.

4. Single-base substitution or insertion event may affect the biosynthesis and
structure of CPS.

5. The cps locus is generally conserved among different strains of the respective

serotypes.
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Table 2.1. Representative Streptococcus parauberis strains used for cps locus analyses

Origin Affiliation in ¢ps locus
Strain Prefecture Year Serotype* Smal-PFGE
analysis® Length (bp) No.of ORF  G+C content (%)  Accession number

KRS02083 Kagawa 2002 Ia Cluster 11 18,910 19 31.14 LC060252
NUF1003 Shimane 2004 Ib Cluster I 19,334 18 31.07 LC060253
NUF1071 Nagasaki 2008 Ic Cluster I 19,334 18 31.07 LC060254
NUF1032 Nagasaki 2006 II Cluster III 19,920 19 31.51 LC060255
2007-1 Oita 2007 NT Cluster I 19,334 18 31.07 LC060256
NUF1095 Nagasaki 2009 NT Cluster 111 19,920 19 31.51 LC060257

*: Kanai et al., 2015; NT, non-typeable; All the strains were isolated from diseased Japanese flounder.
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Table 2.2. Primers used for PCR scanning of ¢ps locus

K . Approximate Annealing
Primer Sequence (5-3") Region size o temperature
amplicon (bp) PC )

Sp-cps21 GACATCACGGTTATAGTC

LysR-cpsB 2,600 55
Sp-cpsR GTTCGATATGCGCGAC
Ssp-IP6 CTAGATGATCAGAGTGTC

cpsA-cpsD 1,600 51
3sp-IP1 GATGTTAGTCCGAATGGAG
1-1-3sp2 GACCGCGTGAAACGCCCAG )

cpsC-cpsE 2,300 61
Sp-cps26 TGAATGACAAGACGACTAGC
3sp-IP5 GTACTCGATTAAGCGAC

cpsE-cpslaG 3,000 49
Sp-cps47 CTGATAATTCCCGATCAATG
Sp-cps32 ACTAGCAGCTGAGAATGG

cpslaG-¢cpslal 1,900 55
Sp-cps48 GCCATCAGCAATAGAAATAC
Sp-cps38 ATCCTTCTGTAGTATTAGGC cpslaH-cpslaK 3300 51
Sp-cps49 GAACCTTGTATAACGTCAAC
Sp-cps41 CTAACGAAATCGGAGCTG

cpslaK-cpslaM 2,200 55
Sp-cps50 TGAGACTACTGAACCTGCAG
Sp-cps45 TACGTGGGATTCTAATC

cpslaL-cpslaN 2.900 51
Sp-cps42 GATTTTACGAATTCTTGTTC
Sp-cps51 ATTGCAACAGCAGCTATTTC cpslaN-cpslaP 5300 s
Sp-cps52 ACACCAGCAGAAATTAGTTC
Sp-cps36 TAGCAGCACAAGCAGGAG

cpslaP-cpsR 2,600 55
3sp-IP85 CACAATGATTTTCAAAGATG
3sp-IP7 CATGGTCTCAACTGAC cpsE-cps1bG 2300 50
3sp-IP38 AGGTCTAACTTCATGTCTAC ’
3sp-IP17 GAAAGAGGACTTTGCTTGCC

cps1bF-cpsibl 2,200 59
3sp-IP36 GTCAAAGTGTCATCGACAATCTC
3sp-1P23 TACGGTGCAATAGTTGCC cps IbL-cpsIbK 5 200 s6
3sp-1P45 GTTTTTACCTAATCTATCCTTACTA ’
3sp-IP39 GAACATCATCATATTGATCG

cps1bK-cpsIbM 2,700 54
3sp-IP53 TACATACCACAAACATAATCC
3sp-IP50 AGTGCTCTCGTAATAGCTCTGG cps IbM-cps 1bO 5 200 s6
Sp-cps52 ACACCAGCAGAAATTAGTTC
3sp-IP58 GAATGACTATTACGATGTCTC

cps1bO-cpsR 2,700 54
3sp-1P85 CACAATGATTTTCAAAGATG
3sp-IP5 GTACTCGATTAAGCGAC

cpsE-cps2F 2,200 53
Sp-cps7 GGACATACCATTTGCAGTA
3sp-IP14 GAATCAGGAATCAGACCTGG

cpsE-cps2G 1,900 58
3sp-1P72 TGAACATTGCAGGCTATACC
Sp-cps8 TAGCTGATGGTGCTCATG cps2Gcps2I 1,500 s
3sp-IP67 GTACTTGCCGAAACTATTGTG
3sp-IP61 GGTAGAGAAATGAATGAATATCG

cps2H-cps2J 2,100 55
3sp-IP68 TTCAGGTCCACCACCGATG
3sp-IP65 GGAGATTGTAATGAGGTAAATC

cps2J-cps2L 2.200 55
3sp-IP66 CACCAATATACACAGTCTAAATC
Sp-cps23 GCAAATGATTCAGATGA

cps2L-cps2N 2,300 55
Sp-cps53 CTGGTATGCCACCAACAATC
3sp-IP78 TGAGCATCGAACAGATACAG cps2N-cps2P 2900 s
Sp-cps12 TTTTGAATCATTGAAGTCG
3sp-IP86 CTTAATGATACATTTGCAACAG

cps2P-cpsR 2,000 55
3sp-IP85 CACAATGATTTTCAAAGATG
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Table 2.3. Proteins of other bacterial species homologous to deduced amino acid sequences of genes in the conserved region

Protein showing the highest identity

Gene Category Identity
Organism Product Accession no.
lysR Streptococcus uberis LysR family transcriptional regulator WP_037627683 91%
cpsA Streptococcus uberis LytR family transcriptional regulator WP_037627066 79%
cpsB Regulator Streptococcus uberis Tyrosine protein phosphatase WP_037627064 92%
cpsC Streptococcus uberis Capsular biosynthesis protein CpsC WP_037627063 87%
cpsD Streptococcus porcinus Tyrosine-protein kinase WP_003085167 81%
cpsE ] Streptococcus pseudoporcinus Short-chain dehydrogenase WP_007893078 80%
cpsQ Fpimerase Streptococcus uberis UDP-glucose 6-dehydrogenase WP_046393482 86%
cpsR Hypothetical Streptococcus uberis Hypothetical protein WP_037627032 89%
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Table 2.4. Proteins of other bacterial species homologous to the deduced amino acid sequences of genes in the serotype-specific region

Protein showing the highest identity

Gene Category Identify
Organism Product Accession no.

cpslaF Initial Streptococcus uberis UDP-phosphate galactose phosphotransferase =~ WP_012658534 88%

nitia
cpslbG Lachnospiraceaebacterium UDP-galactose phosphate transferase WP_009261689 67%
glycosyltransferase )

cps2F Streptococcus suis initial sugar transferase FAA00872 60%

cpslal Megasphaera sp. O-antigen ligase WP_023052747 25%

cpsIbL Polymerase Clostridium sp. O-antigen polymerase WP_022113405 25%

cps20 Streptococcus pseudoporcinus oligosaccharide repeat unit polymerase WP_007893424 75%

cpslaN 41%

cpslbM Flippase Lactobacillus paraplantarum flippaseWzx CDF77686 42%

cps2P 36%

cpslaH 81%
Streptococcus uberis glycosyltransferase WP_012658532

cps1bl 61%

cpslaJ 48%
Acetobacteriumwoodii glycosyltransferase family 1 WP_041668735

cps 1bJ 46%

cpslaK Glycosyltransferase 38%
Fibrobacter succinogenes glycosyltransferase family 2 WP_014546699

cpsIbK 39%

cps2I Streptococcus pseudoporcinus glycosyltransferase family 1 WP_007893181 77%

cps2J Streptococcus pseudoporcinus glycosyltransferase family 1 WP_007893376 70%

cps2M Bacteroides sp. glycosyltransferase, group 2 family EF106947 49%
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cpslal Streptococcus uberis maltose O-acetyltransferase WP 046388669 64%
cpslaM Clostridium akagii acetyltransferase WP_035795827 49%
cpsIbH Ruminococcusalbus acetyltransferase WP 024858893 56%
Acetyltransferase
cps2N Streptococcus pseudoporcinus acetyl transferase WP_007893375 65%
cps2H Streptococcus didelphis GNAT family acetyltransferase WP 018366072 63%
cps2L Streptococcus pseudoporcinus GNAT family acetyltransferase WP_007893003 80%
cpslaG Streptococcus uberis NAD-dependent epimerase WP_046392145 72%
cpslaP Epimerase NAD dependent epimerase/dehydratase 83%
Streptococcus porcinus WP_003085154
cps1bO family protein 84%
cpsIbF Streptococcus suis aminotransferase DegT WP_029175971 81%
cps2G Aminotransferase Streptococcus suis aminotransferase AKE79842 68%
cps2K Butyrivibrioproteoclasticus aminotransferase WP 026662038 69%
cpslaO ) ) 50%
Hypothetical Streptococcus equinus hypothetical protein WP_033152408
cpsIbN 45%
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Table 2.5. Homology of deduced amino acid sequences between the genes in the serotype-specific region of the cps loci

Identity Identity
Category Predicted protein Category Predicted protein
(%) (%)
CpslaF — CpslbG 40 CpslaL — CpslbL 31
Initial
CpslaF — Cps2F 18 | Polymerase Wzy CpslaL — Cps20 10
glycosyltransferase
Cps1bG — Cps2F 23 Cps1bL — Cps20 11
CpslaH — Cps1bl 60 CpslaN — Cps1bM 72
CpslaH — Cps2I 9 | Flippase Wzx CpslaN — Cps2P 37
CpslaH — Cps2J 7 Cps1bM — Cps2P 40
CpslaH — Cps2M 8 | Hypothetical CpslaO — Cps1bN 61
Cpslbl — Cps21 10 | Epimerase CpslaP — Cps1bO 93
Cps1bl — Cps2J 12 Cps1bF — Cps2G 11
Aminotransferase
Cps1bl — Cps2M 6 Cps1bF — Cps2K 13
Cpslal —Cpslbl 49 Cpslal — Cps1bH 12
CpslalJ —Cps2l 9 Cpslal — Cps2H 9
CpslalJ —Cps2] 13 Cpslal — Cps2L 6
Glycosyltransferase CpslaJ — Cps2M 8 Cpslal — Cps2N 10
CpslbJ — Cps2l 8 CpslaM — Cps1bH 7
CpslbJ — Cps2]J 10 | Acetyltransferase CpslaM — Cps2H 7
CpslbJ — Cps2M 9 CpslaM — Cps2L 7
CpslaK — Cps1bK 53 CpslaM — Cps2N 28
CpslaK — Cps2I 11 Cps1bH — Cps2H 7
CpslaK — Cps2J 7 Cps1bH — Cps2L 7
CpslaK — Cps2M 5 Cps1bH — Cps2N 8
Cps1bK — Cps21 5
Cps1bK — Cps2]J 7
Cps1bK — Cps2M 10
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Fig. 2.1. Structure of cps loci of S. parauberis representative strains. Putative

them.

functions of genes are differentiated using different colors. Shaded regions indicate
the genes whose deduced amino acid sequences showed over 30% identity among

32



Chapter 3

A multiplex PCR assay for differentiation of S. parauberis

serotypes
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3.1 Introduction

Serotyping of bacteria is very important for bacterial epidemiology. In chapter 1,
I demonstrated that the isolates of S. parauberis in Japan were divided into five
serological phenotypes (subserotypes la, Ib and Ic, serotype II and non-typeable)
according to the surface polysaccharide capsular antigens. However, the identification
of S. parauberis serotypes by slide agglutination test is sometime difficult, because
most institutes and laboratories in the world do not have the antisera for serotyping.
Thus, an alternative diagnostic method is required. In chapter 2, it was demonstrated
that there were three distinct cps loci in S. parauberis, which corresponded to
subserotypes Ia and Ib/Ic and serotype I, respectively. Moreover, the non-typeable
strains of Cluster I and III in Smal-PFGE had similar cps loci to subserotype Ib/Ic and
serotype II, respectively. Base on these findings, in this chapter, a multiplex PCR

method for the detection of S. parauberis serotypes was investigated.

3.2 Materials and Methods

Bacteria

A total of 188 S. parauberis strains used in the previous study was used. To
verify the specificity of the multiplex PCR, the S. parauberis strain ATCC13386
derived from cow and the other Gram-positive cocci, S. agalactiae JCM5671, S.
thermophilus JCM17834, S. uberis ATCC19436, S. iniae NUF631 from the Japanese
flounder, S. dysgalactiae NUF1015 from greater amberjack Seriola dumerili,
Enterococcus faecalis JCM5803, Lactococcus lactis subsp. lactis JCM5805 and L.
garvieae NUF699 from the Japanese flounder; and the Gram-negative pathogens,
Edwardsiella tarda NUF251from the Japanese flounder, Vibrio anguillarum NUF652
from greater amberjack and Photobacterium damselae subsp. piscicida NUF89 from
yellowtail Seriola quinqueradiata, were used as reference strains. Strains of JCM
were provided by Japan Collection of Microorganisms, RIKEN BRC which is
participating in the National BioResource Project of the MEXT. For the cultivation of

Gram-positive cocci and Gram-negative pathogens, Todd Hewitt agar and Heart
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Infusion agar (Difco), respectively, were used. The bacteria were cultured at 27°C for

24 h.

Genomic DNA preparation

The genomic DNA of the 188 S. parauberis strains prepared in the previous
chapter were also used in this study as templates. The genomic DNAs of the other
bacterial strains were prepared using Wizard Genomic DNA Purification kit

(Promega) according to the manufacturer's instructions.

Primer design

Based on the multiple sequence alignments of polysaccharide polymerase gene
(wzy) in the type-specific region of S. parauberis, three pairs of serotype-specific
primers were designed using the Primer-BLAST program
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/) in order to allow simultaneous
amplification in the same conditions with specificity (Fig. 3.1). The designed primer
pairs were named For-la (5'-ATTGTTAGTCATTCAGTTGT-3") and Rev-la (5'-AAT
TATAGTCAACAGTCCAG-3"), For-Ib/Ic (5-ATTTCTACCAGGTTACTTTG-3")
and Rev-Ib/Ic (5'-ACATCTCGAAACTTCATATT-3") and For-II (5-GAACTACTT
AGGTTTAGCAT-3") and Rev-II (5'-AACTTGTAAATAGGATTGCT-3"). They will
give the amplification products of 213, 303 and 413 bp for subserotypes Ia and Ib/Ic

and serotype II, respectively.

PCR amplification

The PCR was performed on C1000 Thermal Cycler (Bio-Rad) with 7aKaRa Ex
Taq Hot Start Version (Takara). The PCR reaction mixture (a total volume of 50 pL)
contained 5 pL of 10x Ex Taq buffer (Mg”" plus), 4 uL of dNTP mixture (0.2 mM
each), six primers (0.5 uM each), 1 uL of template DNA and 1.25 U of Ex Taq DNA
polymerase. The condition of PCR amplification was denaturation at 95°C for 3 min,

30 cycles of denaturation at 98°C for 10 s, annealing at 55°C for 30 s and extension at
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72°C for 30 s and a final extension at 72°C for 7 min. The PCR products were

electrophoresed in 2.0% agarose gel followed by staining with ethidium bromide.

3.3 Results

Using the designed primer set, PCR products with the expected size specific
for subserotypes la, Ib and Ic and serotype II were obtained (Fig. 3.2). In all 188 S.
parauberis strains from the Japanese flounder, the results were consistent with those
of agglutination test using rabbit antisera, except that the subserotypes Ib and Ic
could not be distinguished each other by this PCR method. The NT strains could be
differentiated into subserotype Ib/Ic or serotype II. All the reference strains
including the S. parauberis ATCC13386 derived from cow were negative. The test

results are summarized in Table. 3.1.

3.4 Discussion

In streptococci, the PCR assays developed for serotype differentiation were
focused on the cps locus, because in many cases the construction and nucleotide
sequence of cps locus were different according to serotypes (Smith et al., 1999;
Wang et al., 2011b). In the previous chapter, it was shown that three genes encoding
initial glycosyltransferase, polysaccharide polymerase (Wzy) and flippase (Wzx)
were present in the cps loci of all S. parauberis serotypes. A multiple sequence
alignment of these genes showed that the wzy gene was less similar among the
serotypes than the other two genes (S16-S18). Accordingly, the primers for the
multiplex PCR were designed from the wzy gene. However, the primer pair for
differentiation between subserotypes Ib and Ic could not be designed, because the
sequences of cps loci of two subserotypes were almost identical (chapter 2). The
same case was found in S. suis (Liu ef al., 2013). Antisera may be required in such
situation to aid distinction.

The NT strains of S. parauberis which agglutinate with both serotype I and II

rabbit antisera are thought to be noncapsulated (Kanai ef al., 2015). About one-third
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of them were derived from apparently healthy fish. We suspected that their cps loci
were different from those of capsulated strains, but the sequencing of the cps loci
revealed that the NT strains had almost the same sequences as subserotype Ib/Ic or
serotype II (Tu et al., 2015). Accordingly, it is suggested that the NT isolates are
originally subserotype Ib/Ic or serotype Il S. parauberis and that their capsule
production is suppressed by mutation in the gene(s) for capsule production. (chapter
2).

Although the multiplex PCR developed in this study could not differentiate
the subserotypes Ib and Ic, the other serotypes including non-typeable strains could
be differentiated accurately and specifically, and no positive amplification was
detected in the reference strains used. So, it would be a useful tool for diagnosis and

serotyping of fish-pathogenic S. parauberis.

3.5 Conclusion
1. The developed multiplex PCR assay could differentiate the serotypes accurately.
2. The non-typeable strains could be differentiated by this multiplex PCR and the
result corresponded with PFGE.
3. This multiplex PCR assay is specific for diagnosis and serotyping of

fish-pathogenic S. parauberis.

37



Table 3.1. The results of the multiplex PCR assay for differentiation of the

Streptococcus parauberis serotypes

Bacteria Primer pair for amplification
(no. of strain) For/Rev-la For/Rev-Ib/Ic For/Rev-II

S. parauberis from flounder

subserotype Ia (6) + — —
subserotype Ib (91) —

+ +

subserotype Ic (7) -
serotype 11 (62) — — +
NT/Cluster I'"" (9) —
NT/Cluster I11"'(13) — — +
S. parauberis from cow
ATCC13386 — — —
Other species(1 H)* — — —
=+, positive amplification; —, negative amplification; NT, non-typeable.
"I Clusters in Smal-PFGE analysis (Kanai et al., 2015).
2s agalactiae JCM5671, S. thermophilus JCM17834, S. uberis ATCC19436, S. iniae
NUF631, S. dysgalactiae NUF1015, Enterococcus faecalis JCM5803, Lactococcus
lactiss ubsp. lactis JCM5805, L. garvieae NUF699, Edwardsiella tarda NUF251,
Vibrio anguillarum NUF652 and Photobacterium damselae subsp. piscicida NUF89.

+
|
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KRS02083 (Ta)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (1a)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (Ia)
NUF1003 (Ib)
NUF1032 (IT)

KRS02083 (Ta)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (1a)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (1a)
NUF1003 (Ib)
NUF1032 (IT)

KRS02083 (Ia)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (1a)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (1a)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (1a)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (Ia)
NUF1003 (Ib)
NUF1032 (IT)

KRS02083 (Ta)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (1a)
NUF1003 (Ib)
NUF1032 (I1)

ATGA ATA ATTCTCAAATATTTGA————TAAATCTCACAATA
ATGG ATA ACTTTAAAATAGGTGA———TTCTTCATTGAATA
ATGACACCAATTATTTTATATTCCATATTATTAGGTATTTTACTTTTATACTGTCTAATA
skksk skeksk kokok ok osksk skosk * skekskek
A-TA——— TTCTCACAACTAGG-ATTA-CA———CTTGTTTTATTAGTTATATTTTT

A-AAAAACGAATCATCATAATAAAGTATTAATA-———-TTTAGCTTATTATTAATAATTTT
AATAAAACGAACTACTTAGGTTTAGCATTAGTAGCAGTCTATTTTATTATTT-CACTGAT
* %k TRk sk k0 cklekkdok ko ok ok %

GACAATATATGGTTCCGGA——GA———ATTTAAAGTTCCTTCT——TTCAGTATAAACGT—
TATCATTAATTTTACTGGTTTAG———ACATAAAATTCATCCCAGTTC—TTCAAATGTC
TACTCTAT-TAGTACCAACAAGAGGTTATTTGAAATACTCTTATGTTTTAGATGGAAGTA
b * ko ok % ¥k okk k% *% % sk

————— AGCTGTAAAATA-TATCATTT———-TAACTT-TTGGGCTAT—TTTTTTCAGTTT
A——AATTTTAATAAG-TATATTTC——TATTTT-ATTAATAATAGTTTTTTCAATTT
ATATTACTTATGGAATAGTATTATTTATGGTGTTTTCATTTGCTAT—TTTTTTCTTTCC

* ok ok * kkk o kok * kk ok ko skekekekkoksk ok
—TTTTTATTAAAGTAAAAAAATTTTCAAT———- AA——TAAAGTTAGAT———ATAATT
—TTCTT-TCAATATTTCAAGA——CAAT———= AAACTTAAGTTTGAT———CAAATT

GTTTCTGATAAAA-AAGAAAAGTTTCAATGTTAAAAATATTGAGCTAAATGTTCATGAAA
sk ok ok L Aokokok ok ok ko ko kk *

TCTCAGTTGTTATTGATTCATTTATTGTATAAT————ACAATAATTATTGTATTAAATTC
TCAATAATACTTTTTTGTCAGCTTTTATACTATTTTTGCGTT—TTATTAT-TTAG—TA

ACTACATTATTTTTGCCAAAATATTTATATTTTT—TGCACTGATTACTGTTCTCG———
* ko k okk * kK kK * ko ok skkk ok ok ok

GTCCGATA-ATTACGTTTTATCGTACTTTACATATGTATTTGCATTCTTAGGTTATTTAT
GCTCTACAGACTATTCTTTATTATTTTTCTCATATACTTTTTCTTTCTTTGCTTACATAT
—TTTATA-—TGGTCAAAATTATTCCTCTTATACAG—————""~ TCAGGTCA——AT

k 3k * Kk ok * kkck * ok ok ok kK

GGGGAAGTAACAGCCTAATTGACAAAAAAACGT-TCAAAATATTCTTATCAAGTTTTTAC
GGATTAATAATAACAAAAT-ATCAAAAGATCATCTTTTAAT-TTTTTCTCGAGTCTTTT-
GGGCTAGTAATCGATTAGT——- AATGAAC——————— TCTGATCAAGCCATAAT
dkk ok skdok * ok sk ok ok * ok ok ok Xk

TATATCCTTATTA———— TTCAAACATTATTTACCGTATA-CATTGTTAGTCATTCAGTT

——TATCAATATTAATAATTTCTATTATCATT-ACAGTATA-CA——ATTTATC——TAAATT
————=TCCATATAA————— CAATATCTTTGAAAAAATAGCA————— ATC—CTATTT
s,k skekk ok ¥ okk o kk ok * T £ EE

TGGAT-——ATGTATTTGTTTAAAAATGGTATTGTTATT-——CCTATAGGAGCATCAAATG
AAATTCCACTTTTTCTTTTTAAATCTCAAATAATATTA-CCAATTGGGTCTTCAAATG
ACAAGTTATACTCAATTACTAGCAATTGTAGTTGGTTTTAATTTACTGAG—AACAAAT-
* * * * K3k * 3k ksk E skekskoksk

GGATTACAACATTTATTGTTATGATT—-TTTCCAATATTGTATAAATTAAGCAATAGTA

CTATTACAACTTATACATTTTTACTT——TTACCTATAGTATATTACTTGGATAAAAAT-

—————— CAACAT-TATATGCTTGGCTCAATTGTCT-TATTA-ATGGTTGGAGCAACAGA—
sksksk sk skek % * ko sk sk ok skek % Kk %

GAACTTCAC——AAT—ATTTTTTAACTATATTTACTATGATTTTTGCTGTATTATCTCG

——ACTTTAAGAAAATCAATTTTTTTGTTTGG——TACCTTCATATTAGTTCTTTTATCAAG

—GTTTTGT———ATTGATATGTATGTATCATCTCGGGGGATGCTAGCCATATTT———
kk kk o ckk ok ok * kk ok ok * ckk

TTCAAATTCIGGA-CTGTTGACTATAATTGCTATAATTCTTATTCTGTTTATGCAGGAA—

ATCCAACT! - CAATGATCTTTTATATGTTGAT-TAAAAAT

***** ATTCT—ATTTATTGGTT———-CACTATA-——TTTATTCT-TTTATAAAGAAAT
k sk k% ckkk Xk k skk ko sk ok okk ok ko Rk
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KRS02083 (Ia)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (Ia)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (Ta)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (Ia)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (1a)
NUF1003 (Ib)
NUF1032 (IT)

KRS02083 (Ta)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (Ia)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (Ia)
NUF1003 (Ib)
NUF1032 (II)

KRS02083 (Ia)
NUF1003 (Ib)
NUF1032 (I1)

KRS02083 (Ia)
NUF1003 (Ib)
NUF1032 (IT)

KRS02083 (Ta)
NUF1003 (Ib)
NUF1032 (I1)

Fig. 3.1. Multiple sequence alignment of wzy gene in the serotype-specific region of S.

parauberis cps loci. The primers used for multiplex PCR and their directions

—AAAAAATATAAACT-—AATACGTGGGATTCTA—ATCTTTTTAATATTTCTATTAT—

TCAAAAAATAAATGGTTGAATATATTATTTTCTGCGGTATGTTTATTGCTAATATTAT —

T-AATAAAAAAAGTCGGAAATATATTGATTT———+ TATTTTTATTTTAACTATAGTAA
Kk kkk ckosk KRk 3k k% * ok ckekeksk sk dkk ok

—————— TTTTG-ACTTCAC———-AATTTCTACCAGGTTACTTTGAAAGATTTTCAAA—
CAAGTGTTCCATACTTGAT————— I'TCGGTAACAGTATC——=-AAGATTTTCATCCT
kx sk skkosk * kk skekskokskerskskosk

—TACATTGCAGTCATTAATTACAGATCAAAGTA-——CTAACCAAACTAAAGCAATGAATG
—TGTAATAAATACCATAACTGGAAATAGTAGTATTTCTAATAATATTGATGCTTTAAATG
CTGCTATTAGTTCATTGATT————- TATTATT-TTGGGCAAAC———ACCATATATG

* * k* ok ok ok k skek * * %k k0 ok skekk

GTAGGATT-GAAGT—GTTCCATAGCGCCTTATATCATATAAAGAATCATTTTTTCATTG

GTCGAGCT-CAGGTTTATTCGAT—TGCTAGAAGTTTAATTAGCAAGGATTTTCTTTTTG
TTCTCATTAGAAGT———————— TAAATCAT-TGAAAAAACTTATGTTTGGTG
* * ok Rk * % * ok kk * k% *3k

GAAATGGATTTGGA-TATAG——AGAAAGAATGCCTAGCTATTTAATGACTCATAA—TTG
GAATTGGTTTTGTT-TATCG—AAGTTATATGCCAAGTCTGCTAATGACTCATAA——CTG
AATATGGATTTGGTGCACTGGCAGGTGGGATG—AAATTTTCAGATGAACTAGGAATTTG
k0 skskek skekekk ko ok % skksk * skekskek L K3k

GTTATTAGAATATCTAATTACAGGTGGAATAATATCATTTTTACTAAAAAT—ATTT—A
GATTTTAGAATCTTTGATTACAGGTGGTATTTTTGCATTAATGATAAGAAT—AAT—-A
GGTTCGTGGATTTTATACTTTTCTTGGT-TGGTTATATGCCGACTGGGGATTTGTTGGTA
k 3k * ckkok * sk kkk ko Xk kk * k% * *

TCTTTATT-TTACAATT—-T—TTAAAACTTGTAACTGTCAAAAATAATGCACTAAAAC
CTTTTATG-CCAAATTT—-TGTTTGAAAATATGAAGTTTCGAGA———TGTTCAAATAC

TTTTTATTATTGGAATTGCTTGCTTGATATTCTTCACTATAATGA——-TAAATAAAC-C

sksksksk k sk k0 kk ok ok % % sk sk * * %k 3k
AAGGCTT—AATTATT————— TCATT—T-——GTATTTG——-TTCTAATTCAAGG
AAAATTG—TATTAGTG—————— TGATTATT-———ATATTTT———-CATTAATCCAAGG

AAAGCTTGATATTAGTGATACTTTTTTACTACTTGGATATTATAAATTACTCATTCAGGG

skek k skeksksk sk k sk sk sk skeksksk K osksk ke skek
TT—————— AGTTGAACCATCATTTGGTTCTCCATTATTTGAGTTGATTTTTGCAT
GCT———— GGTTGAACCATCTTTTGGAGGACCGGTTTTCGAGTTAGTTTTTTGGC

TGTCTTCACCATGGGTAGAACAAAGATATATTCAATC-TTAATCAGTTTGATTATTTATG

* Kk kkeksk sk L * ok % Kk skk skk
TAATAATTGGATTT———————~ GGTACAAATACGCTTTACGAGGAG-AAAAATATTTA
TAATCATGAGCTTTTT———= AATTCAAAT-CGGTAGAAAACCAGTAGGAATGTTCA

TATTAATAAAATTTATAGTCGAGAGATTTAGATTTATTATAAGA—AGGAAACAGGTTTA
sk ok kk Hokok * ok kK * ok ko okek ko ok Rk X

~TGATTAA-— 1209
ATCAGCAATAA 1230
CTAA——— 1218

were indicated under the sequences with red arrows.
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Fig. 3.2. Multiplex PCR products of Streptococcus parauberis. PCR products were
electrophoresed on 2% agarose gel, stained with ethidium bromide and
photographed under UV light. M, 100-bp DNA ladder markers;1, subserotype la; 2,

subserotype Ib; 3, subserotype Ic; 4, serotype II; 5 and 6, nontypeable strains of

clusters I and III in Smal-PFGE analysis, respectively.
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General discussion
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Streptococcus parauberis emerged as an important cause of streptococcal
infection in cultured Japanese flounder since 2002 and steadily spread across the
western districts of Japan. Accurate and rapid identification of this pathogen is
important for the epidemiological and pathogenesis studies and chemotherapy of the
infection.

As a standard method, serotyping has been used for typing of bacteria. According
to the result of previous study, it was considered that there were only two serotypes in
S. parauberis strains isolated from Japanese flounder (Kanai et al., 2009). However,
there veritably existed three subtypes (subserotypes Ia, Ib and Ic) in serotype I (Table
1.2). Although the serotyping method has some limitation such that it could not
adequately reflect the clonal diversity of bacterial strains and that some strains are
nontypable with it, it can exhibit the relationship among strains visually. The PFGE
genotyping method used in this study exhibited robust subdivision power and well
corresponded to serotyping. Hence, identification of pathogens with both serotyping
and genotyping is more useful for epidemiological study.

The serotyping investigation in this study not only clarified the existence of
subserotypes in serotype I but also indicated the relationship among them. However,
the reason why cross-reactions occur among them was unknown. It is important to
know the common antigens that cause the cross-reactions. For this purpose, the
capsular polysaccharides of subserotypes should be purified and analyzed by
biochemical methods, and the monosaccharide composition should also be determined.
The possible correlation between the monosaccharide composition and cross-reactions
may be clarified. The similar cross-reactions were found in some S. suis serotypes
(Higgins and Gottschalk, 1990).

Polysaccharide capsules are crucial virulence factors and the active ingredients
of vaccines and closely correlative to bacterial serotypes. They are generally
synthesized by genes which are clustered in a single locus on the chromosome
(Roberts, 1996). Thus, studies on the genetic loci for biosynthesis of CPS are very

significant. At the start of this study, it was considered that there would be distinct
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structure of ¢ps loci corresponding to respective serotype. However, the result showed
that subserotypes Ib and Ic had a common c¢ps locus with only few single-base
substitution found between them. The similar case was also found between capsulated
and noncapsulated types. These minor changes in sequences might cause mutation
events that affect the biosynthesis and structure of CPS and lead to the difference of
phenotypes. Lakkitjaroen et al. (2014) investigated the noncapsulation mechanisms in
25 endocarditis isolates of S. suis and found that a single-nucleotide substitution or
frameshift mutation in two glycosyltransferase genes (cps2E and cps2F) were the
main causes of the capsule loss. In future studies, clarifying the mechanisms that can
switch between subserotypes Ib and Ic and between capsulated and noncapsulated
types in S. parauberis are required.

The biosynthesis of CPS requires a complex pathway. The present works
preliminary presumed that the biosynthesis pathway in S. parauberis may be
Wzy-dependent pathway, because some principle genes (initial glycosyltransferase
gene, polysaccharide polymerase wzy and flippase wzx) for Wzy-dependent pathway
were present in the cps loci of S. parauberis. Nakhamchik et al. (2007) used a new
mini-Tnl0 delivery vector, pNKTXI-Scel, to generate a mutant library and identify
genes essential for CPS biosynthesis. The research demonstrated that Wzy
polysaccharide polymerase was required for CPS biosynthesis in Vibrio vulnificus. In
S. parauberis, it is necessary to clarify whether the initial glycosyltransferase, flippase
and polysaccharide polymerase are required for biosynthesis of CPS and determine
the biosynthesis pathway.

The genes of c¢ps loci individually or correlatively play the vital role in the
biosynthesis of CPS. In S. parauberis, the functions of most cps genes were not
verified yet. In order to better understand the mechanism of CPS biosynthesis in this
pathogen, studies on the function and activity of each gene product will be necessary
by the biochemical and genetic research such as mutant construction. Lakkitjaroen et
al. (2014) also investigated mutations in the genes involved in side-chain formation

(cps2J and cps2N), polymerase (cps2l) and flippase (cps20) appeared to be lethal and
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these lethal effects were relieved by mutations in the cps2EF region.

Streptococcosis is responsible for extensive losses in the worldwide aquaculture
industry. Han et al. (2011) demonstrated that a combined vaccine containing
formalin-inactivated Edwardsiella tarda, Streptococcus iniae and S. parauberis had
the protective efficacy in farmed Japanese flounder in Korea. In this study, four
serotypes in S. parauberis were demonstrated. Therefore, the combined vaccine may
not be effective for all these serotypes. For prevention and treatment of the infection
caused by S. parauberis, a vaccine common to all serotypes was required, although
Aviles et al. (2013) indicated that a conserved surface M-protein, SIMA, of S. iniae is
not effective as a cross-protective vaccine against different capsular serotypes in
farmed fish. But, research in Salmonella enterica serovar Typhimurium infection
indicated that immunization with the S. Typhimurium wecA4-mutant strain confered
protection against lethal challenge with wild type S. Typhimurium and S. Enteritidis
(Bridge et al. 2015). This may provide to ponder for vaccine strategy of streptococcal
infection in farmed Japanese flounder.

In this study, by investigating the serological relationship among S. parauberis
isolates, it was demonstrated that there were five serological phenotypes
(subserotypes Ia, Ib and Ic, serotype II and nontypeable) in it. The research about
genetic structure of ¢ps loci can provide the foundational knowledge for the synthesis
pathway of CPS and the reasons of variation in serotypes of S. parauberis and serve
for development of an accurate, rapid detection method for this pathogen. Above all,
the current study would take a better understanding of this pathogen and contribute to

the future study for prevention and treatment of this disease.
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S1.1 Multiple nucleotide sequence alignment of c¢ps loci upper conserved region in
six representative strains.(/ysR,cpsA-E)
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2007-1 NT ClusterI :
NUF1032 11 :

NUF1095 NT ClusterIII:

90 100 110 120 130 140 150 16
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KRS02083 Ta
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NUF1071 1Ic
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170 180 190 200 210 220 230 24
KRS02083 Ta
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NUF1032 1T :
NUF1095 NT ClusterIII:

1850 1860 1870 1880 1890 1900 1910 1920
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 1T :
NUF1095 NT ClusterIII:

1930 1940 1950 1960 1970 1980 1990 2000
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

2010 2020 2030 2040 2050 2060 2070 2080
KRS02083 Ia : Gl
NUF1003 Ib :
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIII:

2090 2100 2110 2120 2130 2140 2150 2160
KRS02083 Ia : Gi
NUF1003 Ib :
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIII:

2170 2180 2190 2200 2210 2220 2230 2240
KRS02083 Ia : C
NUF1003 Ib :
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIII:

57



2250 2260 2270 2280 2290 2300 2310 2320

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11 :
NUF1095 NT ClusterIII:

2330 2340 2350 2360 2370 2380 2390 2400
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIIT:

2410 2420 2430 2440 2450 2460 2470 2480
KRS02083 Ta
NUF1003 Ib
NUF1071 TIc
2007-1 NT Clusterl
NUF1032 1T :
NUF1095 NT ClusterIII:

2490 2500 2510 2520 2530 2540 2550 2560
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

2570 2580 2590 2600 2610 2620 2630 640

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

cpsB

2650 2660 2670 2680 2690 2700 2710 2720

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

2730 2740 2750 2760 2770 2780 2790 2800
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:




2810 2820 2830 2840 2850 2860 2870 2880

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11 :
NUF1095 NT ClusterIII:

2890 2900 2910 2920 2930 2940 2950 2960
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIIT:

2970 2980 2990 3000 3010 3020 3030 3040
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 1T :
NUF1095 NT ClusterIII:

3050 3060 3070 3080 3090 3100 3110 3120
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

3130 3140 3150 3160 3170 3180 3190 3200
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

3210 3220 3230 3240 3250 3260 3270 3280
KRS02083 Ia :
NUF1003 Ib :
NUF1071 Ic :
2007-1 NT Clusterl :
NUF1032 11 :

NUF1095 NT ClusterIII:

NUF1095 NT ClusterIII:

3290 3300 3310 3320 3330 3340 3350 3360
KRS02083 Ia :
NUF1003 Ib :
NUF1071 Ic :
2007-1 NT Clusterl :
NUF1032 11 :

59



3370 380 3390 3400 3410 3420 3430 3440

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11 :
NUF1095 NT ClusterIII:

cpsC

3450 3460 3470 3480 3490 3500 3510 3520
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIIT:

3530 3540 3550 3560 3570 3580 3590 3600
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 1T :
NUF1095 NT ClusterIII:

3610 3620 3630 3640 3650 3660 3670 3680
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

NUF1095 NT ClusterIII:

3690 3700 3710 3720 3730 3740 3750 3760
KRS02083 Ia :
NUF1003 Ib :
NUF1071 Ic :
2007-1 NT Clusterl
NUF1032 11 :

3770 3780 3790 3800 3810 3820 3830 3840

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

3850 3860 3870 3880 3890 3900 3910 3920
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

60



3930 3940 3950 3960 3970 3980 3990 4000

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

4010 4020 4030 4040 4050 4060 4070 4080
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIIT:

cpsD

4090 4100 4110 4120 4130 4140 4150 4160

KRS02083 Ta

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 1T :
NUF1095 NT ClusterIII:

4170 4180 4190 4200 4210 4220 4230 4240
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

4250 4260 4270 4280 4290 4300 4310 4320
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

4330 4340 4350 4360 4370 4380 4390 4400
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

4410 4420 4430 4440 4450 4460 4470 4480
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

61



4490 4500 4510 4520 4530 4540 4550 4560

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11 :
NUF1095 NT ClusterIII:

4570 4580 4590 4600 4610 4620 4630 4640
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIIT:

Al
i
i
i
Al
Al

4650 4660 4670 4680 4690 4700 4710 4720
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 11

Cl
T
Ti
T
: C
NUF1095 NT ClusterIII: C

4730 4740 4750 4760 4770 4780 4790 4800
KRS02083 Ia : T
NUF1003 Ib :
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

4810 4820 4830 4840 4850 4860 4870 4880
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

cpsE

4890 4900 4910 4920 4930 4940 4950 4960
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

4970 4980 4990 5000 5010 5020 5030 5040
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

62



5050 5060 5070 5080 5090 5100 5110 5120

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11 :
NUF1095 NT ClusterIII:

5130 5140 5150 5160 5170 5180 5190 5200
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIIT:

5210 5220 5230 5240 5250 5260 5270 5280
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 1T :
NUF1095 NT ClusterIII:

5290 5300 5310 5320 5330 5340 5350 5360
KRS02083 Ia : Al
NUF1003 Ib : Al
NUF1071 Ic : Al
2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIII:

5370 5380 5390 5400 5410 5420 5430 5440
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

5450 5460 5470 5480 5490 5500 5510 5520
KRS02083 Ia : T
NUF1003 Ib :
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIII:

5530 5540 5550 5560 5570 5580 5590 5600
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:
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5610 5620 5630 5640 5650 5660 5670 5680

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11 :
NUF1095 NT ClusterIII:

5690 5700 5710 5720 5730 5740 5750 5760
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIIT:

5770 5780 5790 5800 5810 5820 5830 5840
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 1T :
NUF1095 NT ClusterIII:

5850 5860 5870 5880 5890 5900 5910 5920
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

NUF1095 NT ClusterIII:

5930 5940 5950 5960 5970 5980 5990 6000
KRS02083 Ia :
NUF1003 Ib :
NUF1071 Ic :
2007-1 NT Clusterl  :
NUF1032 11 :

6010 6020 6030 6040 6050 6060 6070 6080

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

6090 6100 6110 6120 6130 6140 6150 6160
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

64



6170 6180 6190 6200 6210 6220 6230 6240

KRS02083 Ta

NUF1003 Tb

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIII:

6250 6260 6270 6280 6290 6300 6310 6320
KRS02083 Ta
NUF1003 Tb
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIII:

6330 6340 6350 6360 6370 6380 6390 6400
KRS02083 Ta
NUF1003 Tb
NUF1071 Tc
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIII:

6410 6420 6430 6440 6450 6460 6470 6480
KRS02083 Ia
NUF1003 Ib
NUF1071 TIc
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

6490 6500 6510 6520 6530 6540 6550 6560
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

6570 6580 6590 6600
KRS02083 Ia
NUF1003 Ib
NUF1071 TIc
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

65



S1.2 Multiple amino acid sequence alignment of LysR, CpsA-E in six representative
strains.

LysR
10 20 30 40 50 60 70 8

S

KRS02083 Ta
NUF1003 Ib

NUF1071 TIc

2007-1 NT ClusterI
NUF1032 1T

NUF1095 NT ClusterIIT :

90 100 110 120 130 140 150 16/

[=}

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIII :

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 IT

NUF1095 NT ClusterIII :

KRS02083 Ta

NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11

NUF1095 NT ClusterIII :

CpsA

10 20 30 40 50 60 70 8

(=)

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 IT

NUF1095 NT ClusterIII :

90 100 110 120 130 140 150 16

(=]

KRS02083 Ta

NUF1003 Tb

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11

NUF1095 NT ClusterIII :

170 180 190 200 210 220 230 24

(=)

KRS02083 Ta

NUF1003 Tb

NUF1071 Tc

2007-1 NT Clusterl
NUF1032 1T :
NUF1095 NT ClusterIIT :

66



KRS02083 Ta
NUF1003 Tb
NUF1071 TIc

2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIIT :

KRS02083 Ta
NUF1003 Ib
NUF1071 TIc

2007-1 NT Clusterl
NUF1032 1T

NUF1095 NT ClusterIII :

KRS02083 Ta
NUF1003 Tb
NUF1071 Ic

2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIII :

KRS02083 Ia
NUF1003 Ib
NUF1071 TIc

2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIII :

CpsB

KRS02083 Ta
NUF1003 Tb
NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11

NUF1095 NT ClusterIII :

KRS02083 Ta
NUF1003 Tb
NUF1071 Tc

2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIII :

KRS02083 Ta
NUF1003 Tb
NUF1071 TIc

2007-1 NT Clusterl
NUF1032 1T

NUF1095 NT ClusterIII :

250

410

90

170

260

420

100

180

270

430

110

190

67

280

440

120

200

290

450

130

210

300

460

140

220

310

470

150

230

320

48

S

16/

(=)

240




KRS02083 Ta
NUF1003 Ib
NUF1071 TIc

2007-1 NT Clusterl
NUF1032 1T

NUF1095 NT ClusterIIT :

CpsC

KRS02083 Ta
NUF1003 Ib
NUF1071 TIc

2007-1 NT ClusterI
NUF1032 11

NUF1095 NT ClusterIII :

KRS02083 Ia
NUF1003 Ib
NUF1071 TIc

2007-1 NT Clusterl
NUF1032 IT

NUF1095 NT ClusterIII :

KRS02083 Ia
NUF1003 Tb
NUF1071 Ic

2007-1 NT Clusterl
NUF1032 1T

NUF1095 NT ClusterIII :

CpsD

KRS02083 Ia
NUF1003 Ib

NUF1071 TIc

2007-1 NT Clusterl
NUF1032 11

NUF1095 NT ClusterIII :

KRS02083 Ta
NUF1003 Tb
NUF1071 TIc

2007-1 NT Clusterl
NUF1032 1T

NUF1095 NT ClusterIII :

KRS02083 Ta
NUF1003 Tb
NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11

NUF1095 NT ClusterIII :

170

170

100

180

180

110

190

110

190

68

120

200

120

200

130

210

130

210

140

220

140

220

150

230

150

230

160

160




CpsE

KRS02083 Ta
NUF1003 Tb
NUF1071 Tc
2007-1INT Clusterl
NUF1032 1T

NUF1095 NT ClusterIIT :

KRS02083 Ta
NUF1003 Ib
NUF1071 TIc
2007-1INT Clusterl
NUF1032 1T

NUF1095 NT ClusterIIT :

KRS02083 Ia
NUF1003 Tb
NUF1071 Ic
2007-1INT Clusterl
NUF1032 1T

NUF1095 NT ClusterIII :

KRS02083 Ta
NUF1003 Ib
NUF1071 Tc
2007-1INT ClusterI
NUF1032 11

NUF1095 NT ClusterIII :

KRS02083 Ia
NUF1003 Ib
NUF1071 TIc
2007-INT Clusterl
NUF1032 IT

NUF1095 NT ClusterIII :

KRS02083 Ta
NUF1003 Tb
NUF1071 Ic
2007-1INT ClusterI
NUF1032 11

NUF1095 NT ClusterIII :

KRS02083 Ta
NUF1003 Tb
NUF1071 Tc
2007-1INT Clusterl
NUF1032 11

NUF1095 NT ClusterIII :

KRS02083 Ta
NUF1003 Tb
NUF1071 TIc
2007-1INT Clusterl
NUF1032 1T

NUF1095 NT ClusterIII :

[e2)
©

10 20 30 40 50 60 70 8

(=)

170 180 190 200 210 220 230 24

(=}

250 260 270 280 290 300 310 32

(=)

330 340 350 360 370 380 390 40

(=)

410 420 430 440 450 460 470 48

(=]

490 500 510 520 530 540 550 56

(=)

[Sa]
J
(=)
o1
(0]
(=)

590 600




S2.1 Multiple nucleotide sequence alignment of c¢ps loci lower conserved region in
six representative strains.(cpsQ,cpsR)

10 20 30 40 50 60 70 80

KRS02083 Ta

NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11 :
NUF1095 NT ClusterIII:

90 100 10 120 130 140 150 160
KRS02083 Ta
NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11

NUF1095 NT ClusterIII:

= = O O 0O O

170 180 190 200 210 220 230 240
KRS02083 Ta
NUF1003 TIb
NUF1071 Tc
2007-1 NT ClusterI
NUF1032 11 :
NUF1095 NT ClusterIII:

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

330 340 350 360 370 380 390 400
KRS02083 Ia
NUF1003 Tb
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

410 420 430 440 450 460 470 480
KRS02083 Ia
NUF1003 Ib
NUF1071 TIc
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

490 500 510 520 530 540 550 560
KRS02083 Ia Ci
NUF1003 Ib T}
NUF1071 Ic T}
2007-1 NT Clusterl Ti
NUF1032 II T}
T}

NUF1095 NT ClusterIII:



570 580 590 600 610 620 630 640

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11 :
NUF1095 NT ClusterIII:

650 660 670 680 690 700 710 720
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIIT:

730 740 750 760 770 780 790 800
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 1T :
NUF1095 NT ClusterIII:

810 820 830 840 850 860 870 880
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

890 900 910 920 930 940 950 960
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

970 980 990 1000 1010 1020 1030 1040
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

1050 1060 1070 1080 1090 1100 1110 1120
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:
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1130 1140 1150 1160 1170 1180 1190 1200

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11 :
NUF1095 NT ClusterIII:

1210 1220 1230 1240 1250 1260 1270 1280
KRS02083 Ta
NUF1003 Ib
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIIT:

1290 1300 1310 1320 1330 1340 1350 1360

cpsk

KRS02083 Ta
NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 1T :
NUF1095 NT ClusterIII:

1370 1380 1390 1400 1410 1420 1430 1440

KRS02083 Ia

NUF1003 Ib

NUF1071 Ic

2007-1 NT Clusterl
NUF1032 11 :
NUF1095 NT ClusterIII:

NUF1095 NT ClusterIII:

1450 1460 1470 1480 1490 1500 1510 1520
KRS02083 Ia :
NUF1003 Ib :
NUF1071 Ic :
2007-1 NT Clusterl  :
NUF1032 11 :

1530 1540 1550 1560 1570 1580 1590 1600
KRS02083 Ia :
NUF1003 Ib :
NUF1071 Ic :
2007-1 NT Clusterl :
NUF1032 11 :

NUF1095 NT ClusterIII:

NUF1095 NT ClusterIII:

1610 1620 1630 1640 1650 1660 1670 1680
KRS02083 Ia :
NUF1003 Ib :
NUF1071 Ic :
2007-1 NT Clusterl :
NUF1032 11 :

72



1690 1700 1710 1720 1730 1740 1750 1760

KRS02083 Ta

NUF1003 Tb

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIII:

1770 1780 1790 1800 1810 1820 1830 1840
KRS02083 Ta
NUF1003 Tb
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIII:

1850 1860 1870 1880 1890 1900
KRS02083 Ta
NUF1003 Tb
NUF1071 Tc
2007-1 NT ClusterI
NUF1032 1T :
NUF1095 NT ClusterIII:




S2.2 Multiple amino acid sequence alignment of CpsQ, CpsR in six representative
strains.

CpsQ

KRS02083 Ta

NUF1003 Tb

NUF1071 TIc

2007-1 NT Clusterl
NUF1032 1T

NUF1095 NT ClusterIIT :

90 100 110 120 130 140 150 160
KRS02083 Ia
NUF1003 Ib
NUF1071 Ic
2007-1 NT Clusterl :
NUF1032 IT

NUF1095 NT ClusterIII :

170 180 190 200 210 220 230 240
KRS02083 Ta : S
NUF1003 Ib : S
NUF1071 Ic : S
2007-1 NT Clusterl : S
NUF1032 11

NUF1095 NT ClusterIII :

KRS02083 Ia

NUF1003 Ib

NUF1071 TIc

2007-1 NT Clusterl
NUF1032 IT

NUF1095 NT ClusterIII :

330 340 350 360 370 380 390 400
KRS02083 Ia
NUF1003 Tb
NUF1071 Ic
2007-1 NT ClusterI
NUF1032 11
NUF1095 NT ClusterIII :

410
KRS02083 Ta
NUF1003 Ib
NUF1071 Tc
2007-1 NT Clusterl
NUF1032 II
NUF1095 NT ClusterIII :

CpsR

KRS02083 Ta

NUF1003 Tb

NUF1071 Ic

2007-1 NT ClusterI
NUF1032 11

NUF1095 NT ClusterIII :

74



KRS02083 Ta
NUF1003 Ib

NUF1071 Tc

2007-1 NT ClusterI
NUF1032 1T

NUF1095 NT ClusterIII :

KRS02083 Ta
NUF1003 Ib

NUF1071 TIc

2007-1 NT ClusterI
NUF1032 1T

NUF1095 NT ClusterIIT :

90

170

100

180

110

190

75

120

130

140

150

160




S3. Alignment of amino acid sequence of CpslaH, Cpslal, CpslaK, Cpslbl, CpslblJ,
Cps1bK, Cps2l, Cps2]J and Cps2M. (Glycosyltransferase)

10 20 30 40 50 60 70 80
Cpslall : MNPLEEYKLIQIYKNLYKEVDPSV-VLGFT——IKPNIY--GSIAARKLNIPFIANITG
Cpslbl : MNPLSEIKLINTYKNIIKTNNPDV-ILGYT—IKPNIY-—GAIVAKSFKKPFIANITG
CpslaK : MVEINNFKRKFTITN-STTAITVN-YNDAQ——RTINLV-—KDJHIDY—————~ QALKNV
Cps1bK : MKKDITETKDKSNIENK-KVAAVIVN-YNDAN-—RTINLL—KEJVNY ————— ESINYV
Cpsla] : MV—GSLNVGGSQTMV——- MNLYRNID-—RSKIQF—DFJJIDRPNELFFADEINS
Cpslb] : MKPIRVLHMIGSLNLGGSQALIMNIYRNID—RTQIQF-—DF{IIDHPSMNYYQDEIER
Cps2l : MELTNNKNNIWIFCHYAQQPPYNTMLRYHNWGKELVNRDYGVTIVSASTVHN—TDVDLI-—DIJEGKDN-—-—— DVVDS
Cps2] : ———————= MNILLITQLYPQPDDEGDNKPTKTVQYFAD-VWQNQGHN-—VATAHCP-SKFPFVEFYLIPPKIKNYL
Cps2M @ ——————— MVEYISFYLPQFHPVPENDEWYGKGFTEWTNVAKAKPLYPNHYQPHVPADLGFYD!RVKETR———KAQAKL

90 100 110 120 130 140 150 160
Cpslal : [BGTAVE-—=Y-———-KSWKQPIFINL-———— AFKGIFQVYFQNTENRD——————=———— FFLNNKIRKDHYD
Cps1bI : [BGTAVE-—-Y————KSWKQPILINL-————— AFKNVYKVFFQNTSNCE—————————————— FFVNNKIJTSKYE
CpslaK : JIVVNNN-—-S———-TDNSIEILSDFEH-——— LIINSEINGGYGYGNNL ===~ GIKKANERGADEV
Cps1bK : JIVVNNK-—-S———-TDNSQENLESFEH-———- TLINAKKNGGYGYGNNT —————————————— GIKKSDEUDMDYT
Cpsla]J : [BGGNVY———VLPTFSPKDYFKMVNE-W————— LLSHNYYSAVHFHVRSYISLIIPIV—————— KSFKVPVIISHSHS
Cpslb]J : [BGGRVY———SFPTFTGRNVRNVRNE-W-———- FKEHVEYSIIHFHVRSYISLLIPIA———— KRYGLITRSHSHS

Cps2I  : JISYKYL-—KTPKYSGNGISRIKNMLSFALKLY{LRSEKNRPDT IVVCEAYLYFFAKLFFPKIPTITDIVDLWPESIVEY
Cps2J : AGKTSNIFPNISSRKNTRRLEDNKLILRLPLLKSLPGKGYSHKYLRKISDQIIKILGKENFVP-———DIVMGHFANPSTE

Cps2M AKDYGLTAFC****YWNYWFGDGVELLEQPIRDVHNDKDIDFPFCLGWANH **************** SWEKKQWDKNGTN

170 180 190 200 210 220 230 240
Cpslall : [FIPGSG————— VNBERFTEKDYPND—=D~-VI————— KFSFISRVMKEKGID——————=—————— QYLDMASHIK——-
Cpslbl : JILPGSG———- VNIBEKFSYETFPSE-——E-1V—— KFSFISRIMKEKGID—————=———- QYLAAAEYVR-—
CpslaK : [FICNPDIVFQENT|ENSMIKKIGSDT-——K-CSII-———NARETHLGNFAWKYT—————————————] NTFQDITSAS——
Cps1bK : [FICNPDIYFSENT|EIEMMKYLEQDE-——S—CALI——-NAKENYLGNFAWKY T SDLQDVLCTS——
CpslaJ : HISSGSGFSSIVKSSLQFPIRYQADYFLAC-SDEA———GRWLFGEKILNKNNY——————————] HTVKNALIDGN-—
Cpslb] : ISNGLGLKSKIKNELQIPIRYQADYLFAC*SKEA****GEWLFGKAAIKKGNF ************** HITKNAIDGK-—
Cps2l : ANVNPS-NPLIKI|EYSIEKWAYIKTDALVFSMEG———GPDYVKERSYSTKVN-—————————- FDKVFHINMG——
Cps2] !VSLISQKYNCKSSIVFHGDCNEVNL**SKYRIVENLQNIKAIGARSQYESKKIQKLLSLKELPFICYSGVPDQAVKEID
Cps2M  : ELLVEQ-——— KY!GVEDYKKYFYS ************* YLDIFKDDRYYRVDN-——————- KPFFITYSPLANEKETTSF

250 260 270 280 290 300 310 320
Cpslall : ——KNYPNTEFNIYGECEQSYEEKLNRLQKE————NV-VKFHGMIKDIIA———— GALESSHCLVHP——- ——SY
CpslbI : ——SKYPKTEFNIYGFCEQEYENILEDLQNK————KI-VNYHGLVNNI{P———— LVLSNTHCLIHP——— —TY
CpslaK : ——IIM-NKLFK-SRYYDEVYFKNKSSAIVD———VIQGSFLLISLPIEM—-— IKYGMYDEDFFL——— —YE
Cps1bK : ——IVF-NKFFS-KRYYKNSYFENKDVVNVD————ILQGSFLLVKTDEM———— LSFGMYDEEFFL - YE
Cpsla]J : ———LFYFNL-—D-KRSEVRKKLQISEHTFVF-——-GNVGRLTAAKNH|FLLEVFSEL-RKKIDSKL————————— LL
Cpslb] : ——KFKFDT-—R-IRTTTRKKLDISNDCLVL-———GNVGRITEAKNQEFLIDILHNLISKSENIKL-———==———— v
Cps2I : ——IDIKTADQNLSKNINNIPFDESKKNIVYIGSIRKANNIKQICDVALET-—QKDPSLKDVFFHIFGNGDELDSLISYC
Cps2] RIETHNLDDTQGLT*YLYVGSLIKRKNLISVI***EAFDQQAEMHDKELIIGGGPEEEKIKNFISQL *********** KN
Cps2M : INTWRELAKLEGLGDEYFVGKDMSGINKDKIL———SIGVDAVFEDNT|E—————- NIHHELNI————————— VS

330 340 350 360 370 380 390 400
CpslaH : YPEG—{SSNVLLE—ASAT-——————— GRPIITT-—NRPGCREVIDD———NINGFLVKQKDTNDEI —————— EKVERFINL
Cpslbl : YPEG—{USNVLLE-—AAAT-—————— GRPAITT--NRSGCREIVDD——-TLTGFIIEEQNTKDEL ——————— EKIEIFLNL
CpslaK : EEKV-BYKKFID—HGYY————— ALTDLD———VNYEHHHVDSK———KITINQLV-TSKRRIEL ——————— QSKLLYLMK
Cps1bK : EEKV-BYKKFHS——HGYY-—————- SKSVLT-——ESYEHHHIDRK———YNYVTQFL-TTKQR[EL ——————~ DSKLLFLKK
CpslaJ : IGDGQEKNDLLR-—RAEF——————- LGIKQDCIFLGDQKDVFEFY———NAMDTFIFPSLWEGEGIAVIEAETNGIQCYVS
Cpslb]J : VGDGENKSKLKQ-—KIDY—————- LSLNNHCLLVGSNEFAETYL-——NAMDFFIFPSFWEGEGMAATEAQANGLFCFIS
Cps2I  : DKNSIENIKFYG——RVLKEDIPSILSHSTANILTYKQVSLMKYGG-——SQSKLF-—-DYLASAKPIICNAKFGYNLIERY
Cps2] VDKIHILGRIPREEVMEH-—————- MSRADVFALISSNEVFGMVYTEAMLNGCTTTASAKGGNDGTTTDNQNGYLCEQGN
Cps2M KVSQLHKRKVLKRPTVFK ******* YKDATIKY—MVDETVTDEHVIPVVAPNWDHSPRSANNAMILHDAKPKYFEDLLKE
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CpslaH :

Cpsl1bI

CpslaK :
CpslbK :
Cpsla] :
Cpslb] :
: DCGTVI-—ENQSEAAFT-——-KVIKETCSLSDEKLELMGENARKAALDYDQPV|#-——VDKLIKVIDYVK-—-
© TKMLSSTRARIJKDM -~ TPNEFELMRNKAQETAKHFSETEVATNYL~—NKVLARNEE -~
¢ TVKYVK—TKPSNK————————— QQVTTKSWNEWGEGNHVEPDLK-YGTGYLEATKNSLED———————-

Cps2I
Cps2]
Cps2M

410 420 430 440 450 460 470

THTEKI***EEGHN ————————————— ARLKVEKEFDRQIVVEQ———YLKDfl——KRATHK~—————
¢ TTLEKS-—-NUGKH-————————-——, AREKVEREFNRNIVIRK————~ YNHAI-——-DSTEKKK———————
YRHLNK——QKIENVA - KLFFDLTI IEMYIYSSFLI—-VIQS#-———KRI-NNE-———————
YRNFSS—FRIESLS———————————] KLFFLLTKFEMLLYSLFLI~——SKDRI-———GKN-NG-———————-

DRVPDS——VDUNAGLVKFLSLNEPSEYWAEQT INKKICNRKSPVEKFKSSGYDJi———-DSTAKWYESFYLNIR
NTVPKE-=VDJIKADLVSFLPLEEGAEFWANKTINSKIVPRSDKTNYLKKSEYL§i————DDTVAFFETFYKEILS
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S4. Alignment of amino acid sequence of Cpslal, CpslaM, Cps1bH, Cps2H, Cps2L
and Cps2N. (Acetyltransferase)

10 20 30 40 50 60 70 80
CpslaM : ———————] MINLLTQIFKEYLFKKKWR——SLNNHN———QT TISKIVDH NRVSV-——-GKNTYGRIN
Cps2N 1 ——— MIK————- VILNRLRKILNQREWR—RL NSNNKAV|E GSVSNYNLISVGNNSYGV
Cpslal : ———————] MNK-—YSRALYUDLPTALLKI ISLKVVH-——KN-————- HFKSNKLQFTSPFSETTMDKGAKLETGNKFRQRS
CpslbH : ———MKQWKNL-KGMNK[EVIIGASGH--GKVVAE-—TIA KLSGYNDRAI FLDDYSNEKLCSGYPVVGKV
Cps2H ¢ ——— MKNNEFSIELIEN——DKTLVDQVVNIHM-—KAFPEFFLTFLGEKFIEHTLYTGFLNHNDSGLIIARKKESNS I

Cps2L  : MYLRKLDLADSK-LMLEWYHDEDVTKDLFSNFKNKT IEDVENFITSSQVEDKNUHYATANDSDEYMGTVSLKNVNRSDGS

90 100 110 120 130 140 150 160
CpslaM : M—— SVFDHSDTKLLTIGSF———=—— CSIAGNVQFLCGGDHFQ——-NRLLNYPIE-KKFLNKDE—ATS—KG—
Cps2N @ L-———] NVINHSDNYELKIGNF——————=—~ CSIATNVQFIVCGEHR———-TDTVSTFPL-KVHFMGEKFEAFS——NG—
Cpslal : H—— SRLRVRKDANLKIGNN-—==———— ISENHGCMI-VCRDSIS——IADGVQFGP-NVLLYDH—DHD—YK—
Cps1bH : SEI-—VNFKNEDVFIAIGSSA——————— VREKIAKHLKDHKIVSL-——IHPAA———— VVSEKAKI—GKG—SV—
Cps2H @ V——— GFLAYSKDLSNFYKWL————————— LKHKTVQFGFYSLIAAT-——KSPKSTIFRLIRAFLYPSQ-—ANKEEDY—

Cps2L : AEFAISVRKASMGHGYSWYGMKEILDLAFEKYDLDCVYWCVSRRNKRALRFYTKHNFHEVLDVPRDLVE-—RYSSIDDLV

170 180 190 200 210 220 230 240
CpslaM : EITIEDDVWIGH-—————— NALVLSGVTISQGATIAAGS———- VVSKNVPAYST - VAGVPAKVV——
Cps2N : NIIVEDDVWIGH-——————— NAIIMSGVTLGKGSIIAAGS———~ VVTKSVPAYT [~ VGGIPAKVI——
Cpslal : TDGGINAGLF APIEIGEN VWIG AGSTILKGTKI - GANS-VVAA——
Cps1bH : IMAG-AVVNPDUEIGEFCIVNTCSSVDHDCIIGDFSHVSV————- GSHVAGTVTVG—————————— SHVWIGAGA———
Cps2H : IEISSLGVLPGE-—————— SNGGIGSNLLSSFTSLIDTT——— GYNYIELTTDA————= KNNHKANYF——
Cps2l. : WFSVLKGDVIDNR—————- DSVSGCKVVRLNTISTLGAGELSFFEGKHDLPFDIKRIYFITKVPEGIRRGYHAHKNLEQL

250 260 270 280 290 300 310
CpslaM : ———KYRFP—— ESMINKLIQM**DENQIDDKFINE ****** NMTLLTTPINDNLCEELLLKLNQTL——
Cps2N : —KER———— FSEETKQLLMELDFSKLTDEFIKN-————— NIDLLYSDLENKDNQIALRNLVNELNKKEIK
Cpslal : ——GSV————— VRGVFPEN--T|BVYQER——KM————— VSK—NY
CpslbH : ——TII N—NUETHNNICIGA——- GATVINNLVDSGTYVGVPVRRIK————~
Cps2H : —YQK——————— NGFI|ENKSYKTPEGR————— EMNEYRYKLKGNNGINKQQK———————-—

Cps2l.  : LFCPYGRIQLILEDENGREEIELSDPSIGVIIDKPIWREMLWLEKDSVLCVAASEYYDENDY IRDYNDFKEFISK
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S5. Alignment of amino acid sequence of Cps1bF, Cps2G, and Cps2K.
(Aminotransferase)

Cps2G ——TNEPPEPE S‘ SEMIRE
H

‘7
Cps2K SFLPMEKEINDELRNFETVITNSHY 16 YC———G G LD‘
DB TR Y DAY AGEA TNEL BRIV — Y TESEE TARS

Cps1bF : \EYLKNKNWLISE

90 100 110 130 140 150 160
(O OO ([P AN T[S @S 1BV CATPV I v DR HQFSF TI\V 1BV 1 PCDYERR! I3 V EKSSTIFK
(O QR (LVPAN T VI TN 1 S GATP v I v Blgr ns NT\HTMP\HH(IICD Vil LY
Cps1bF @ YWFCSDIMGSINVNPVIESG 1 RUFID SET B ARG Vv vV LY G VRSRIDS! G

170 190 210 240
Cps2G SQLQNKIGRITILADGAHA YKDKMVGQVADMTVFSF”WHA KNFT E———— GAVTWFNDSLNDED!YK@
Cps2K : .AAHE —————————— L DK\H @ FEYPG —————————— LIDKVRAJISN-
Cps1bF SLg———— TTHINGNKT ITGSSG SAEAANK RK SRETASWYQHE

250 260 290 310 320
Cps26 : FQIFSLHGQTABEKTKIEEWES————— PGYKCNMTSIG RYP LEIRRIIV YNKGFQGT
Cps2K ————Eisn Y{{YHHT YKGN RLDELQAAFLSA PLDK INKNEELR RY KND- LPSVPEG —————
Cps1bF @ EIG-INYR-MSEVIAGVVRBQUPf-—————— BDEH)] AQK [IVFRYKEGLKJLPTY, PYDGENSIPN L——

330 340 370 380 390 400
Cps2G - IVKPLPHLSEESEYES—— HLYIVHLDGFT R VIEEMAQKGMC PLP TAYK-—-NIGFDNDYPN]
Cps2K : —————————HVF. K———RADLEE —————————— HEQDCY——— DLG KKGI‘FPI
Cps1bF : ———————— Beut NPEAMAEQVRSDSKAL SPTEILEAMKINAEGR PMHSQPIF PRITVRG

410 420 430 440
Cps2G = YHYFENITLPLHTKISSEEVNyRjE-NLYSE-————— QGI@NE'
Cps2K : AEKISIIQISTPTYYGMTTEIDY TLNNY ———————————————
Cps1bF : RANSNAY[IEGSKTDVIIERIFER DMKMIEEQEIHEVIKECF'
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S6.1 Alignment of nucleotide sequence of cpslaH and cpsibl. (Glycosyltransferase)

10 20 30 40 50 60 70 80
KRS02083 Ia : A_ CHCGA TAAAT ACAAATA[AT THATA GAAGTIEG TTC Gi
NUF1003 Ib L__ THAAG —AAAC CAATACTTAC; T G G. T

start
100 110 150 160
KRS02083 Ia : TAT]
NUF1003 Tb A TCCIEITAAA
210 240
KRS02083 Ia : T C
NUF1003 TIb
250 260 270 280 310 320
KRS02083 Ta : fiC TRAC TACAG — CALTATG.
NUF1003 Ib : TT! CACAT! TACTTC B AA
330 340 350 360 370 380 400
KRS02083 Ia : AT T GATTCACAGAAABAGATEA
NUF1003 Ib : — Ci TTETTAT! CGIT
410 440 450 460 480
KRS02083 Ta : CG T ATAT! AGTCAC
NUF1003 Ib : CIGC. GAATAT
500 540 550 560
KRS02083 Ia : C
NUF1003 Ib : AATATT
570 580 590 600 610
KRS02083 Ta : C GATGA GG TGEGG GGA] GT— TG
NUF1003 Ib : T TTHAG! TA ACETT ] CAC TG
650 660 670 680 690 700 710 720
KRS02083 Ia : GT A Al T TTET) T GECTATT! TAGC CEAGGA AGAAG
NUF1003 Tb : GGATGECT! C A AGEA A ACCTGCA] AACA TETGGC GGAGA
730 740 750 760 790 800
KRS02083 Ia :
NUF1003 b :
810 820 830 870 880
KRS02083 Ta : TC T-CATACA! TT CG
NUF1003 Ib : CTi AACATRTAG Ti
890 910 920
KRS02083 Ta : GECGAAC AAA
NUF1003 Tb : A[TCG CACGC

stop
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S6.2 Alignment of amino acid sequence of CpslaH and Cps1bl. (Glycosyltransferase)

KRS02083 Ia : LNI
NUF1003 Ib
150
KRS02083 Ia : D
NUF1003 Ib
170 180

KRS02083 Ia : KE| G. ES

NUF1003 Ib PLVES

KRS02083 Ia : KD KRAIH
NUF1003 Ib SIEKKK
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S7.1 Alignment of nucleotide sequence of cpsiaJ and cpsibJ. (Glycosyltransferase)

start
10 20 0 40 50 60 70 80
KRS02083 Ta : THA] CRCTCAGACCATGGHEC
NUF1003 Ib : ACCGATAAGAGTCTTACA CHTAATC C C
start
100 150 160
KRS02083 Ia : GTA] TRTETTGCT
NUF1003 Tb CAC] CA GT| CARCAG—
170 180 200 210 220 230 240
KRS02083 Ia : GATTARTTC GT.
NUF1003 Ib : CG G GTHCGTAATGEGCGT!
260 270 300 310 320
KRS02083 Ia : CTTTCT TEATIECAGCA!
NUF1003 Ib : TAAAGAA G GTACTCGATT.
330 370 380 390
KRS02083 Ta : **CTGTT AGTGGGTITTCC TA TCG
NUF1003 Ib : TAATAACA] CTAGGACIEAAAA CTT
460 470
KRS02083 Ta : GAA
NUF1003 Ib : GA AGC
490 530 540 560
KRS02083 Ia : TACETAAC! C TTAGAT
NUF1003 Ib : AGCTA GG ACGAG
580 590 600 610 620 630 640
KRS02083 Ta : GAAGTA TGITITCGGC AAGAT) AGCGGEG|
NUF1003 Ib : CTACT G T T
660 670 700 710 720
KRS02083 Ta : T TTC] G*W GA! AA
NUF1003 Ib : ACA] TTTC TCT!
730 740 750 760 770 780 790 800
KRS02083 Ia : CAACT) TAAGAAGAGCEGAGHT GGA. CAAG— CTT ACC
NUF1003 b : GAGAA TCA AACARAABATIEGACHA TCT TAATC; C ——AGTIGGAAG
810 820 840 850 880
KRS02083 Ta : AGGATGIETT T ACT] il il
NUF1003 Ib : AT GC TTA] TTC]
890 900 910 920 930 960
KRS02083 Ia : CAG ACG! GATAGAGTA TTCT GA
NUF1003 Tb GT| TTA] AATACTGITCCAAAAGAA
970 980 990 1000 1010 1020 1030 1040

KRS02083 Ia : CCATEC GCi CAAT; AATCG,
NUF1003 Ib CTT GGGG T AACA CAGC, TCCTC
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1050 1060 1070 1080 1090 1100 1110 1120

KRS02083 Ta : CACCEGTAGAGAA- TCT+ GTEATGAT TC CAAARTGGIACGAATEG! TTAAAT
NUF1003 Ib : GA— ACABAT AAAA AGTATTTA; G TAGCATTTITTGAGALT! AAGGAG

KRS02083 Ta : [cceAficH
NUF1003 Tb : ARTTCTHAN

stop
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S7.2 Alignment of amino acid sequence of CpslalJ and CpslblJ. (Glycosyltransferase)

KRS02083 Ta : ——GS ) | YF
NUF1003 Tb NLGGSQALI

150 160
KRS02083 Ia : LLS S S FS
NUF1003 Ib AA
170 180 200 220 230
KRS02083 Ia : n NLEY EV EHT FS
NUF1003 Ib i K CLYL! QE ISKS N
250 260 270 280 310 320
KRS02083 Ia : L KQ DQKDVF]
NUF1003 Ib : KS IDYES SNEFAET KE
330 340 350 360

KRS02083 Ia : PS Q CNRKSPVEKEKS STAK L
NUF1003 Ib : EEEG SKLVPRSDKTNY DV ELS
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S8.1 Alignment of nucleotide sequence of cpslaK and cpsibK. (Glycosyltransferase)

start
70 80
KRS02083 Ta : ———————— CTT TCAC ATTCTAC ATEGCTA!
NUF1003 Ib : T AAAAAAGA TAC G———GTAGC]
start
100 110 120 130 140 150 160
KRS02083 Ia : CAGGEAT! AABC TGET
NUF1003 Tb GAATETATAACTAT! TGEAGTA
170 190 220 240
KRS02083 Ia : TATTA CTGA
NUF1003 TIb —] ACCETGAGC TC
290 300 310 320
KRS02083 Ia : CGGAGCTGACETEGTC T
NUF1003 TIb GGATATGGAT CT! C
330 350 360 390 400
KRS02083 Ta CCA ATAGT TAA TTCTG —
NUF1003 Tb TTCT) Ti THGA ——Gi TGGAGCA] GT! T
410 460 470 480
KRS02083 Ia T A fl TATLC CA
NUF1003 Tb CGITCRCHGT
490 500 510 520 530 540 550 560
KRS02083 Ia : GAAC AARGT) CGATGA-AGTGIFAC] GITCCGCAAT C
NUF1003 Ib : TAAT T GTAAA TABAAATAGT-FAT GAGTTGTGAAT T
570 580 610 630 640
KRS02083 Ta : TTCC CTTC
NUF1003 Ib : [T CAGT CGG GT
650 690 700 710 720
KRS02083 Ta : TRGGATGTTAA G|
NUF1003 Ib CIAACAGAAAG] Al
730 740 750 760 770 780 800
KRS02083 Ia : G TCTA CAA— T G TTECTAAGAG
NUF1003 b : ADTGAT——CG| Ti TTAC CCl TTIGACAACARAACA]
810 820 830 880
KRS02083 Ia : TAAACA GG
NUF1003 Ib —GTTTT
890 910 920 930
KRS02083 Ia : ATTCAGAGECTAA
NUF1003 Tb ————AGGATAGAT
stop
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S8.2 Alignment of amino acid sequence of CpslaK and CpslbK.
(Glycosyltransferase)

KRS02083 Ia : **MVEINNF KFTITNSTI SE
NUF1003 Ib : MKKDITETKDKSNIENKKVA

100 110 120 150 160
KRS02083 Ia : NS GS T S T
NUF1003 Ib SDL)
170 230 240
KRS02083 Ia : KS SSAI SLP
NUF1003 Ib KNS DVV S
250 290 300

KRS02083 Ta : S II SEKRT
NUF1003 Ib Y FSS -
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S9.1 Alignment of nucleotide sequence of cpslaO and cpsIbN. (Hypothetical protein)

10 20 30 40 50 60 70 80
KRS02083 Ia : Gi CILCIC Ci TATTGEC! Al
NUF1003 Ib TCAC; T TECTT i

start
100 150 160
KRS02083 Ia : AT C Cl
NUF1003 Tb : HBC THA
170 190 210 220 230 240
KRS02083 Ia : AT C”A GA G G i CTATA. TT
NUF1003 TIb TTAG Ti TEATC TAA
280 290 300 310 320
KRS02083 Ia : GATA CC TGGAA—— GATAAC AC! TC
NUF1003 TIb TCAG GAABRGAT CABRAA G GA
330 340 380 390 400
KRS02083 Ta : G GGCATICI ACA AC
NUF1003 Ib : GG il GGAT
410 420 430 440 450 460 470
KRS02083 Ta : TC TTETAC Cl TAGRARGAATGAT) GAA
NUF1003 Ib : GA CCITTAGAGTEAAT ARATICATTCICAC CCT
490 520 530 540 550 560
KRS02083 Ia : GA AATC
NUF1003 Ib : ATEGGCT! AGTT GA
570 580 610 620 630
KRS02083 Ta : TATT! CAAT CAG CG
NUF1003 Ib : TGAC TTCTC; TTC]
670 680 690 700 710 720
KRS02083 Ta : TCTT GAAATCA] TG GATT| AATCAATC G AA
NUF1003 Ib : AAAA TACGAAGACTAGAA. ACGA GGAT-AATA A GT!
730 740 750
KRS02083 Ia : TT -A CAT] TCC
NUF1003 Tb : CAATTHTG A GTT TC TGAT
stop
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S9.2 Alignment of amino acid sequence of CpslaO and CpslbN. (Hypothetical
protein)

10 20 30 40 50 60 70 80
KRS02083 Ia : I D! E SE EL
NUF1003 Ib LEKSQ L ES L

90 100 110 120 130 140 150 160
KRS02083 Ia : DTEPELEQEITVKT ETi SGNSTEEK SKNDEEQ Ll
NUF1003 Ib S Q EGKPLELT NHSHIED Pi

170 180 190 200 210 220 230 240
KRS02083 Ia : INLMSD! Q R LNKKKSNNGET SKI
NUF1003 Ib IGFQSEY S LKSKDTKTRKERSRETKKERD

250

KRS02083 Ia : QHSKRYKE
NUF1003 Ib Ti D

88



S$10.1 Alignment of nucleotide sequence of cpslaP and cpsibO. (Epimerase)

30 40 50 60 70 80
KRS02083 Ia : CTTTT T Cl i Al
NUF1003 Ib (GAAGA; T

start

90 100 110 120 130 140 150 160
KRS02083 Ia : GATGGGA! Ti TGAC
NUF1003 Tb CGATAATAGTG CGAT

170 180 190 200 210 220 230 240
KRS02083 Ia : G CGAC TGAAC
NUF1003 Ib : G T CATT TT!

250 260 270 280 290 300 310 320
KRS02083 Ia : TA G TGEA Al T
NUF1003 Ib : AG! C AGET Gl T

330 340 350 360 370 380 390 400
KRS02083 Ta : Ti C
NUF1003 Ib : Cl T

420 430

KRS02083 Ia
NUF1003 Tb

490 500 510 520 530 540 550 560

KRS02083 Ia :
NUF1003 Ib

570 580 590 600 610 620 630 64

(=)

KRS02083 Ia :
NUF1003 Ib

650 660 670 680 690 700 710 72

S

KRS02083 Ia :
NUF1003 Tb

oS

730 740 750 760 770 780 790 80
KRS02083 Ia :
NUF1003 Ib

810 820 830 840 850 860 870 88

S

KRS02083 Ia :
NUF1003 Ib

890 900 910 920 930 940 950 96!

(=

KRS02083 Ia :
NUF1003 Ib

970 980 990 1000 1010 1020 1030 1040
KRS02083 Ia :
NUF1003 Ib

|
=23
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KRS02083 Ia :

NUF1003 Ib

1050

1060

stop
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S$10.2 Alignment of amino acid sequence of CpslaP and Cps1bO. (Epimerase)

10 20 30 40 50 60 70 80
KRS02083 Ia : LF Ll
NUF1003 Ib D L S D:

90 100 110 120 130 140 150 160
KRS02083 Ia : S DDKV/
NUF1003 Ib : MESTEKTNKPE Ll

170 180 190 200 210 220 230 240
KRS02083 Ia :
NUF1003 Ib

250 260 270 280 290 300 310 320
KRS02083 Ia :
NUF1003 Ib

330 340 350

KRS02083 Ia :
NUF1003 Ib
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S11.1 One base substitution in cpsIbM (Flippase Wzx) between NUF1003 and

NUF1071.

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

10 20 30 40 50 60 70 8

S

start

90 100 110 120 130 140 150 16

S

170 180 190 200 210 220 230 24

(=)

= Gy

250 260 270 280 290 300 310 32

S

330 340 350 360 370 380 390 40

S

410 420 430 440 450 460 470 48

(=]

490 500 510 520 530 540 550 56!

S

570 580 590 600 610 620 630 64

(=]

650 660 670 680 690 700 710 72

S

730 740 750 760 770 780 790 80!

S

810 820 830 840 850 860 870 88

(=]

890 900 910 920 930 940 950 96

S

92



NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

970 980 990 1000

1010

1020

1030

1050 1060 1070 1080

1090

1100

1110

1130 1140 1150 1160

1170

1180

1190

1210 1220 1230 1240

1250

1260

1270

1290 1300 1310 1320

1330

1340

1350

1370 1380 1390 1400

1410

1420

93

stop



S11.2 Alignment of amino acid sequence of CpslbM (Flippase Wzx) between
NUF1003 and NUF1071.

10 20 30 40 50 60 70 80
NUF1003 Ib : S
NUF1071 Ic :

90 100 110 120 130 140 150 160
NUF1003 Ib :
NUF1071 Ic :

170 180 190 200 210 220 230 240
NUF1003 Ib :
NUF1071 Ic :

250 260 270 280 290 300 310 320
NUF1003 Ib :
NUF1071 Ic :

330 340 350 360 370 380 390 400
NUF1003 Ib :
NUF1071 Ic :

410 420 430 440 450 460 470
NUF1003 Ib :
NUF1071 Ic :
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S12.1 One base substitution in cpsIbN (Hypothetical protein) between NUF1003 and
NUF1071.

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

NUF1003
NUF1071

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
Ic :

%)

—+

o

5

-+
—_
S
oo
(=)
w
o
W~
o
1
o
[*2)
o
-
o
(0]
(=)

©
o

100

—
—
o

120 130 140 150 16

(=)

170 180 190 200 210 220 230 24

(=3

250 260 270 280 290 300 310 32

S

330 340 350 360 370 380 390 40

S

410 420 430 440 450 460 470 48

S

490 500 510 520 530 540 550 56

S

570 580 590 600 610 620 630 64

(=]

1

stop

650 660 670 680 690 700 710 72

(=

stop

730 740 750

I



S12.2 Alignment of amino acid sequence of Cps1bN (Hypothetical protein) between
NUF1003 and NUF1071.

10 20 30 40 50 60 70 80
NUF1003 Ib :
NUF1071 Ic :

90 100 110 120 130 140 150 160
NUF1003 Ib :
NUF1071 Ic :

170 180 190 200 210 220 230 240
NUF1003 Ib : YKQNSLENYFSNVDYPNREQNLDFLKSKDTKTRKLRSRI IKKIRDNF
NUF1071 Ic :

250
NUF1003 Ib : GKKYTHVKQEND
NUF1071 Ic ¢ ————————
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S13.1 One base substitution in c¢psibG (Initial glycosyltransferase) between
NUF1003 and 2007-1.

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterlI :

NUF1003 Ib

2007-1 NT ClusterlI :

NUF1003 Ib

2007-1 NT Clusterl :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterlI :

10 20 30 40 50 60 70 80

©n
+
oo}
5
+

90 100 110 120 130 140 150 160

170 180 190 200 210 220 230 240

250 260 270 280 290 300 310 320

330 340 350 360 370 380 390 400
AT AE AT T
410 420 430 440 450 460 470 480

490 500 510 520 530 540 550 560

570

580 590 600 610

stop
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S13.2 Alignment of amino acid sequence of CpslbG (Initial glycosyltransferase)
between NUF1003 and 2007-1.

10 20 30 40 50 60 70 80
NUF1003 TIb :
2007-1 NT ClusterI :

90 100 110 120 130 140 150 160
NUF1003 Tb : Y|
2007-1 NT ClusterI : D

170 180 190 200

NUF1003 Ib :
2007-1 NT ClusterI :
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S14.1 One base substitution in cps/bM (Flippase Wzx) between NUF1003 and

2007-1.

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT Clusterl :

NUF1003 Ib

2007-1 NT Clusterl :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT Clusterl :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

10 20 30 40 50 60 70 8

S

start

90 100 110 120 130 140 150 160

170 180 190 200 210 220 230 240

I

250 260 270 280 290 300 310 320

330 340 350 360 370 380 390 400

410 420 430 440 450 460 470 480

490 500 510 520 530 540 550 560

570 580 590 600 610 620 630 640

650 660 670 680 690 700 710 720

730 740 750 760 770 780 790 800

810 820 830 840 850 860 870 880

890 900 910 920 930 940 950 960
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NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT ClusterI :

NUF1003 Ib

2007-1 NT Clusterl :

NUF1003 Ib

2007-1 NT Clusterl :

970 980 990

1050 1060 1070

1130 1140 1150

1210 1220 1230

1290 1300 1310

1370 1380 1390

100

1000

1080

1160

1240

1320

1400

1010

1090

1170

1250

1330

1410

1020

1100

1180

1260

1340

1420

stop

1030

1110

1190

1270

1350

1040

1120

1200

1280

1360



S14.2 Alignment of amino acid sequence of CpslbM (Flippase Wzx) between
NUF1003 and 2007-1.

10 20 30 40 50 60 70 80
1

90 100 110 120 130 140 150 160

NUF1003 Ib
2007-1 NT ClusterI :

NUF1003 Ib
2007-1 NT ClusterI :

170 180 190 200 210 220 230 240
NUF1003 Tb
2007-1 NT ClusterI :

250 260 270 280 290 300 310 320
NUF1003 Ib
2007-1 NT Clusterl :

330 340 350 360 370 380 390 400
NUF1003 Ib :
2007-1 NT ClusterI :

410 420 430 440 450 460 470
NUF1003 Ib
2007-1 NT ClusterlI :
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S15.1 One base substitution in cps2G (Aminotransferase) between NUF1032 and
NUF1095.

start

—
(=}
Do
[=}
w
f=]
I
f=]
o
o
D
(=]
)
[=}
0
S

NUF1032 IT
NUF1095 NT ClusterIII :

90 100 110 120 130 140 150 160
NUF1032 11 : G
NUF1095 NT ClusterTIT : AGGATAS
early stop
170 180 190 200 210 220 230 240

NUF1032 1T
NUF1095 NT ClusterIIT :

250 260 270 280 290 300 310 320
NUF1032 11 :
NUF1095 NT ClusterIIT :
start
330 340 350 360 370 380 390 400

NUF1032 11
NUF1095 NT ClusterIII :

410 420 430 440 450 460 470 48

(=)

NUF1032 IT
NUF1095 NT ClusterIII :

490 500 510 520 530 540 550 56

S

NUF1032 IT
NUF1095 NT ClusterIII :

570 580 590 600 610 620 630 64

(=}

NUF1032 IT
NUF1095 NT ClusterIII :

650 660 670 680 690 700 710 72

(=]

NUF1032 IT
NUF1095 NT ClusterIII :

730 740 750 760 770 780 790 80

(=]

NUF1032 11
NUF1095 NT ClusterIII :

810 820 830 840 850 860 870 88

(=)

NUF1032 11
NUF1095 NT ClusterIII :

890 900 910 920 930 940 950 96

(=)

NUF1032 11
NUF1095 NT ClusterIII :

970 980 990 1000 1010 1020 1030 1040
NUF1032 11
NUF1095 NT ClusterIII :
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1050 1060
NUF1032 11
NUF1095 NT ClusterIII :

1130 1140
NUF1032 IT
NUF1095 NT ClusterIII :

1210 1220

1070 1080

1150 1160

NUF1032 IT
NUF1095 NT ClusterIII :

stop

103

1090

1170

1100

1180

1110

1190

1120

1200



S15.2 Alignment of amino acid sequence of Cps2G (Aminotransferase) between
NUF1032 and NUF1095.

10 20 30 40 50 60 70 80
NUF1032 1T . MKTMNIPFSPPDITEEETSAVSEALRSGWITTGPKTKLLESRIADYLGTKKVVCLNSATAGLELSLRILGVGVGDEVIVP
NUF1095 NT ClusterIIT :

90 100 110 120 130 140 150 160

NUF1032 1T
NUF1095 NT ClusterIIT :

170 180 190 200 210 220 230 240
NUF1032 11
NUF1095 NT ClusterIII :

250 260 270 280 290 300 310 320
NUF1032 IT
NUF1095 NT ClusterIII :

330 340 350 360 370 380 390 400
NUF1032 IT
NUF1095 NT ClusterIII :

NUF1032 IT
NUF1095 NT ClusterIII :
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S16.1 Multiple nucleotide sequence alignment of cpsiaF, cpsIbG and cps2F (Initial
glycosyltransferase gene).

10 20 30 40 50 60 80
KRS02083 Ia : —TA— CCCC. B A-AACGEAGC——T A
NUF1003 Ib : — AAACTTCATTATAC——————— A TTT-—TTAAACGART i
NUF1032 1T GAGTTTTT TETCAAGTAGTGAAGEATGCTGAGECAA-T. GAAAACAAAAAAACAGACTTAARA
start
90 100 110 120 130 140 150 160
KRS02083 Ia : BA——— CGTT-TCAGGA——A' C —TTA-TTTTA— Gl TETACTGGGAAL——TGCTATCG
NUF1003 Ib : @GATATT-—ET TCAGGA-—ACTGC-ATTAC-TTA-TTTTA-———- TETEETALCEETCTGATAGEAATGTTATT—
NUF1032 1T AACAAATT TIFIGATAAAGTTG! AGETATTETAC ATACTTTECECTGIGIET THAGTTCEA-——GCARECC
170 180 190 200 210 220 230 240
KRS02083 Ia : C GATTGATTCCACTGGGLETGIG AAAACGGGTA! AAGTCAC] TGATTTAC
NUF1003 Ib : —Af TCAATTTAGGATCA T GAAAAGACCT GTATGGTT Ti i
NUF1032 IT : TT ATGAGGATAATGGT! T GGAACGTATAAC TARGGGAAGTTTEFHCAT T
250 260 270 280 290 300 310 320
KRS02083 Ta : G TABGTCGATGCTCCRGCAGATATGCCAAC—ACATATGTTAAAAGAT—CCTACAGTTAT——
NUF1003 Ib : C ACH——— TCTHATAAAGATCAGAATGGAAATTTATTACCTGATAACTTAAGGCTA————
NUF1032 1T C GT——————— ATAATGCEGATAAACTAGGGTCTIFFAG-TAACGAECT. ATGATCAAAG
330 340 350 360 370 380 390 400
KRS02083 Ta : GATT AGCTITITCIAC B THGCCTCAGCETETT THRT. A
NUF1003 Ib : ———ACTAGTT AAAATTACHET, —ACG. THACCAGAATEALGG CTTTA T
NUF1032 IT : AATT TTCTIEETART, TACAGGTT - ATTCCACAACETETA; TETAG T
410 420 430 440 450 460 470 480
KRS02083 Ta : GC TGCTTREGTGGAATCAATE—TGATTTAATC-GCCGAAA—GAGATAAATACAGAG
NUF1003 Ib : A T TCTTTEAGA TTEATCGTTGTATICTGTTGAGC—AAAAT——— CGTAG:
NUF1032 1T Ti GAAGERAAT TGEAGCTCAATAT TGAGATGAAAAT———————— T
490 500 510 520 530 540 550 560
KRS02083 Ta : TATTC— CAGGT) GGCEGGGEACAAATCAAT—— CGTG-ATG GAAATTG—
NUF1003 Ib : f- A- CTGGA GGATATGETCAGGCAAAT——— CGAA-ATTC. T—CIIGGC]
NUF1032 1T : ATEGTTATTACCGGETGGAG] TCAARGT-CTAGTATTGATTTTAAAGATGAGGAAGAGEEGC—TIEC—| il
570 580 590 600 610 620 630 640
KRS02083 Ta : AATCAAGGCHEAG-ATGGETATE———————— CAACATGTCATIETTAC TCRTABATGCTTCT
NUF1003 Ib : AATTC -ATGTCCACH——— T—CACATTACTTTTATEGGAGATAT; TAAT
NUF1032 1T : TACTGC TATGTCCCTEGATGAGGCTT] ———AAAATACTECC] © AAT -

650 660 670 680 690 700 710 720
KRS02083 Ia : ———CARTCTHGAGTGTCCETAGAAGHG: CGTAG—- ———GIRGGTAC-A——GGACAAA—- GGAG—
NUF1003 Ib : AACCATAGTEACG-GTATIABRAACGHG: CATAAGTTC CAA ABC-BATGGAAGAATTTANAGGGAAT!
NUF1032 IT : ——TATA-—FATATAAATITAATTTEATEGA-——AGATA TA- TATTAACTGTTA-——TTCATGTCAT

KRS02083 Ia :
NUF1003 Ib
NUF1032 11

stop
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S$16.2 Multiple amino acid sequence alignment of CpslaF, Cps1bG and Cps2F (Initial
glycosyltransferase).

10 20 30 40 50 60 70 80
KRS02083 Ia : ————— MY S I L STG! ————KRVGKD——KSHEMIYKERS —————
NUF1003 Ib : MQRTSLYRTFFKRFFD T S I ————KRPGKD——SMVENMYKERT —————
NUF1032 IT EFFNS HA ENKKT KQERDKVVAVELELALSPVFLVLATLIKNEDNGPIFYRQER GKFFHIYK

90 100 110 120 130 140 150 160
KRS02083 Ia : - DAP.MPTH* KDPT| WNQFDET-AERDKY———RAND
NUF1003 Ib : —MESY-—KDQNG-NELP LEEKYESEY -S—MEQN-———RRHE
NUF1032 IT : FR YN.KLGSL TTKI S AQYSDEMKITLLLPAGVT

170 180 200 210 220 230
1 SHEECCE-——ofk—Rek-
S-SEf-———NETMEEFKGNE

S

190
KRS02083 Ia : EEETEDKS CFRG!
NUF1003 Ib SES \ H TWKT T
NUF1032 IT : SMSSEDFKDEEELLS———- TANGMSEBEAY TEKTHPEKMEKNEEYLYKEN IKIMILTVIH————VII—
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S17.1 Multiple nucleotide sequence alignment of wzy. (Polymerase)

10 20 30 40
KRS02083 Ia : Ci TTIGA— TCTCAC ——————— TTCTCACAA
NUF1003 Ib C GGLGA———{ETCTTCATTG CGAATCATCATAA
NUF1032 II CACCAATTATTTTATATTCCAT TAGGTATTHTACTTTEATACTGTCT] CGAACTACTTAGG

start
90 100 120 150 160
KRS02083 Ta : CTA —CA———CTHGTT T TRTTIG G il CGGA——GA——— T GETCCT
NUF1003 Ib : TA ————TTHRAG! TTET T TA TTRAGTGGTTTAG———AC TEAT
NUF1032 1T : TTT GTAGCAGTCEATT T CACEGATTACTCIEAT CAACAAGAGGTTAT TC
170 180
KRS02083 Ta : TCT-—{FTCAGTATAAACGT————— ————BAAC T GGGC —] G
NUF1003 Ib : C—TTCAAAT CA”” T AG* AT C———IATT TAAT
NUF1032 11 TTAGATG! ATATTAC GGAATAG ATGGEGTT TTGCTAT— TT] CC
280 310 320
KRS02083 Ia : GTAAA TTTT ————AT TT TCAG G
NUF1003 Ib : CT T TATTTC — CIT ———CAAATT
NUF1032 11 GTT ARTG; GTTCATGHAA TACA
340 400
KRS02083 Ia : AATTCGTCCG —AT CGTTTT CGIEAC TAC TGTATT
NUF1003 Ib : GCTT G—TAGCTCTACAGACIATTCTTT: T TTTICTCATATACTTT
NUF1032 11 : ATAT TCICG——— TTTATA——M1IGGTCAAA TCCICTTATACAG—
410 430 470 480
KRS02083 Ta : TGCATTCET CAGCCT TGAC GT TCAAAATAT T. TTTETAC
NUF1003 Ib : TTCTTTCETT TAACAABRAT-ATC TCTTTTAAT-T: T C TCTITT-
NUF1032 1T : ——— C TCGATTAG CCAIAAT
490 500 510 550 560
KRS02083 Ta : TATARCCTEARTA-———— CCG TTGTTAG GTGG ———ATGTATETG'
NUF1003 Ib : —T, - CAG —ATTT ”TA TCCACTTTTHCT
NUF1032 1T : ———{CCATATAA———— C ffffff ——CTAT GETATACTCAATA
570 580 610 620 630 640
KRS02083 Ia : TGGTA T GAGCAT GGATT TTGTT
NUF1003 Ib : TCTCAA TTGGGTCT CTATT CATTT
NUF1032 11 : TTGTAG CTGAG—AACAAAT—— TATGC

670 680 690 700 710

KRS02083 Ia : GTi T GTAGAA CAC——AAT— TATAACTATATTRACTAT! T i CT TCTCG

NUF1003 Ib : AT TAC TGGAT AT-——ACFITAAGAAARTC TETTGTTTGG——{EACCTIC, TCAAG

NUF1032 1T : A-ARGGTHGG: CAGA———GTIRRTGT———ATT GEATGTATCATCCGGGG —
7

KRS02083 Ia : C TAATT T G T Tl ACT——

NUF1003 Ib ATCCA C GG A TGGGA A GATCT *T A TGGITG

NUF1032 1T : ——ATRCT—ATTEATIGGTE—— — B GTCGGA
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KRS02083 Ia
NUF1003 Ib
NUF1032 II

KRS02083 Ia
NUF1003 Ib
NUF1032 II

KRS02083 Ia
NUF1003 Ib
NUF1032 II

KRS02083 Ia :

NUF1003 Ib
NUF1032 1T

KRS02083 Ia
NUF1003 Ib
NUF1032 1T

KRS02083 Ia
NUF1003 Ib
NUF1032 1T

KRS02083 Ia :

NUF1003 Ib
NUF1032 11

KRS02083 Ia :

NUF1003 Ib
NUF1032 11

830 840 850 860 870 880

810 820
CGEGGGATECTA——AJC AJATTTCEATTAT—————— TATATETAATCGGTAAGTATCTCCTGGA!
TAETATTIECTGCGG THGCTAAFARTAL——————- TG-ACFICAC——— AATTECTACCAGGT]
TARTGATI————— THTTAAC ACAAGTGEICCATACTIGAT ——————— TECGGTAACA

890 900 910 920 930 940 950 960
: ICTTT TTC———MACATRGCAGTCATTAATIACAGATCA ———CIEAACCAAACTAAAS ©
: CTTTG AAA-———{IGTAATAAATACCARAACIGGAAATAG TTTCRAATAATATTGATGETT
: 16— ATCCTCIGCTARTAGTTCATHGATE ——————— TEATT-TEGGGCAAAC———ACCATAT
970 980 990 1000 1010 1020 1030 1040

: GGATI ——GTTCCATAGCGCCTTATARCATARABAGAATCARTETTECA A-TAT
: GECGAGCE-Ci TTATTCGAT-—TGCTA! TTAATTAGCAAGGATRTETCETT TT-TAT
. THCTCATRAGAAGT ————————— CAT-IG CTEATGTETG T TGCACT

1050 1060 1070 1080 1090 1100 1110 1120
—HAGAAAG, CTAGCTATTT. CTCATAA——TIGGTIEATT. CTA CA AATATCATTT

: —HAGTTA CAAGTCTGCT. CTCATAA——CIGGALTTT. CITTG CA TATTTETGCATTA
: GCAGGTGG ——ABATTTTCA CTAGGAATTEGGGETCGT THTATACITTTCTEGGT -RGGETATATGC
1130 1140 1150 1160 1170 1180 1190 1200

: TTAC —ATET—ATC T-TTACAATT——1— CETGTAACHG ATAARGCACT
1 ATG GAAT —AAI——AC G-CC —GT ATATGAAGHTECGAGA———TGTTCAAAT
: CGACEGGGGARTTGTEGGTAT TATTG GCTHGC TATECTTCACEAAATGA———EAAATARAC

1210 1220 1230 1240 1250 1260 1270 1280

: [cGORT— AR - —— il A i 1
: BlAATRC—TATPACEC ———— THATH-— N0 o T
: BAAGCTTGA GATACTTTTHTACRACETGCARMREATAAATTACHC

1290 1300 1310 1320 1330 1340 1350 1360
CATCATTEGGTTCT! TGAGTTG: GCAT; TGGATT———————— GGIAC ACGCETT
CATCTETEGGAGGACEGGETTECGA GGC GAGCTTTT————— TC -CGGIAG

AGATIABATTCAATE- CAGTIFIG: ATGEAT AAA TAGTCGAGAGARTTAGATTTATEAT

1370 1380 1390
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S17.2 Multiple amino acid sequence alignment of Wzy. (Polymerase)

KRS02083 Ia :

NUF1003 Ib
NUF1032 II

KRS02083 Ia :

NUF1003 Ib
NUF1032 II

KRS02083 Ia
NUF1003 Ib
NUF1032 1T

KRS02083 Ia :

NUF1003 Ib
NUF1032 II

KRS02083 Ia :

NUF1003 Ib
NUF1032 II

KRS02083 Ia :

NUF1003 Ib
NUF1032 II

KRS02083 Ia :
1 ———GMFNQQ
: FIIRRKQVY—

NUF1003 Ib
NUF1032 II

: ILFENMKFRDVQIQNCESVITIESERQGLVEPSFGGPVFERVEWLIM-—SFLIQIGRKPV
: GWLYADWGFVGIFIIGEACLI INKPKLDISDTFLLEGYYKEEIQGVFIMGRTKIYSILISLITYVLIKFIVERFR

10 50 60 70 80
—NS FD————KSHNNILTTRITL LVIFE—— TIYGSGEFK SFSINVAVKY T TETF————GLFFSVEFI
————NFKEGD-———SSLNKKTNHHNKV! FSLL TTFTINFTGLDIKFEPVLQMSNENKYISHLLTIVFSIFLSTEQD

TPIILYSIBLGILLLYCLINKTNYLGLAEVAVYEE——————— ISLITRLVPTRGYLKYSYVED———————— GSNIT

90 100 110 120 130 140 150 160
KVKKF-STIKLDEISQLLLEHLLYNTIITIVLNSSDNYVLSYFTYVFARLG———NMLWGSNS-LIDKKTFKUFLSSFYYILT

: NKLKE-DQISITEFCQL——EYYFCVLLFSSSTDYSLLFFSYTFSFFA-————— TWINNN-KISKDHLLEFSRVELSTILT
: YGIVLFMVESFARFFFPFLEKK——————— KSENVKNIELNVHENYITFAKIFIBFALTITVLVYMVKIIPRIQSGQ———
170 180 220 230 240

: IQTLFTVYIVSH————————"— SVVDMYLFKNG I GASNGIT F———IVMIFPILY-—KLSNSRTS-Q-
: ISTIITVYNLSKLQIPLFLFKSQIILPIGSSNAITTYTFELLPEVYYLDKNEL———RKSIFLFGTFILVLLSRSNS-GI
WASNRLVM NSDQATIPYNNIFEKHATLFTSYHQLLATVVGFNLLRT——NQHYMLGSIVL

250 260 280 290 300 310 320
—YFLTIFTMIFAVESRSNSG ——AII LEMQEKKYKLIRGILIFLIFLLFLYLIG-KYSPGYES———— RESS

: IVMGTMIFY—MLEKNSKNK FSAVCLELILFLTSQFLPG—————— YFERFSNVINTET————— GNSS
: LMVGATEFCIDMYMSSRGMLARFEEF IGSLYEFEY KEIN-KKSRKYEDFIFILTIVTSV
330 340 350 360 370 380 390 400

TLQSLITDQSTNQTKAMNGRIEVE-HSALYHIKNHFFIGNGFGY-RERMPSYLMTHNWLLEYEITGGI ISFLEKIFIFIL

H NNIDALNGRAQVY-—STARSLISKDFLFGIGEVY-RSYMPSLLMTHNWILESEITGGIFALMIRI ILLCQ
¢ P——— YLISVTVSRFSSSAISSLIYYFGQTPYMFSLEVKSLKKLMFGEYGFGALAG————GMKFSDELGIWMRGEYTFL

410 420 430 440 450 460 470 480
QFLKLVTVKNNALKQGEIISF QGLVEPSFGSPLFERIRALEY--GFGT-—-NTLYEE———————————

490
——KNIYD-
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S18.1 Multiple nucleotide sequence alignment of wzx. (Flippase)

20 70 80

10 30 40 50 60
KRS02083 Ia : TEAAGAATATA, Al i GC C TTECATECATTARCGETGGT
NUF1003 Ib GAAATACAI TTIRTGG: TTICC T Al
NUF1032 II TIA-————— C. T Gi GCARTCACGGETTETTETIGGTT

start
90 100 110 120 130 140 150 160
KRS02083 Ta : GGGAT TGHIC CT' Ci ABAT T]
NUF1003 Ib : TGGCT Al Ti TTAC i GT)
NUF1032 11 : TGGTC TARTGATGACHT| TATTTT C |

170 180 190 200 210 220 230 240
KRS02083 Ia : Cl Al TEATGATGAACTTGATAGACCCGTA
NUF1003 Ib Tj Tj GCRATGATGAGT TTGACC
NUF1032 IT : GT T} T} ARG TGATITEGAAGACTEAC, GAGAAC
250 260 270 280 290 300 310 320
KRS02083 Ia : [FTC C GETHAATAA ATEAAT TTATHTACT CAARGTTTET
NUF1003 Ib : [{FCCI CETHTATTA TCECGT GCTCRGGTT TTATATGTAT
NUF1032 1T : [C G TCAJARCATTGTHTETARTCCAANGTTGCHATTG CTCIAGAAIIC
330 340 350 360 370 380 390 400
KRS02083 Ia : C CTGATCAAGC AA GCATGCAT: THGT CATITCAAA!
NUF1003 Ib : TGACAGTGACCTATC TT AARTTCTT: T} ACETCTAA
NUF1032 1T TACAAATATAAGAT T, AT, ACHICATAA! Al TEIT; GTHATAGG

410 420 430 440 450 460 470 480
KRS02083 Ia : TCHC TTT C. TTTACETGTAT
NUF1003 Ib TIRA TTT. GC C. CTTATEAGTAA
NUF1032 11 A[RTATC CGCT! - ———ACTAACAG

490 500 510 520 530 540 550 560
KRS02083 Ia : T—-C CGLTAGCEALCG TATT
NUF1003 Ib CHCAC———TATGAT Ti GTHA TATC,
NUF1032 11 Gi CGGAA B CIT T T AGCT;

570 580 590 600 610 620 630 640
KRS02083 Ia : THACATATTAT! T TACCTATCGAA TG TATC-TELTATAT
NUF1003 Ib : CETTGGATEATGET TAC AGGH TAAAGTTTCATTTTTG.
NUF1032 1T : TETCATTGEAACIC CCT CAA ABATCAACTCEACTIAALG.

650 660 670 680 690 700 710 720
KRS02083 Ia : Gi TATTTHET TAGTGAAAAC T CTHAT: Ti GTT C:
NUF1003 Ib : CAAA-BATGACATAAZATHTETAATA E CAGGTGITCCATIGCIG. TA TGTT C
NUF1032 11 : CAAC-AGTAMA TCICE— AATTGGAATTCCACTGATGTIT) CIETAT ACA T

760 7

730 740 750 70
KRS02083 Ia : CTi CHCGAGA
NUF1003 Ib CA Ci A
NUF1032 IT : C TTT) ATAAAATT

780 790

800
TITGT
T} i
TIAAC TICT
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KRS02083 Ia
NUF1003 Ib
NUF1032 II

KRS02083 Ia
NUF1003 Ib
NUF1032 II

KRS02083 Ia
NUF1003 Ib
NUF1032 II

KRS02083 Ia :

NUF1003 Ib
NUF1032 1T

KRS02083 Ia :

NUF1003 Ib
NUF1032 1T

KRS02083 Ia :

NUF1003 Ib
NUF1032 1T

KRS02083 Ia :

NUF1003 Ib
NUF1032 11

KRS02083 Ia
NUF1003 Ib
NUF1032 11

KRS02083 Ia :

NUF1003 Ib
NUF1032 II

?

1050

80

970 9 990
: GI-AAATT T CAAT; ATG TC
: GI-AAATT C GCG. AC
: ARTGAGGCT - TTAGTECTT]

1060

830 840

910 920 930 94
C-AITGAGATTGITATT GAGCAT[FATTCGTA
T-TMAGAAGTATFAATA CTTTTCETATTGCT
CTAITAGT. T-lT] ——TTACITAGTTTT

1000 1010 1020
C

1070 1080

CATTGTAGIC G CIATTAC Gi T—AATCT,
TATAGTAGIC G CIACTAT, C—AATCA,
CTj C TEATHTT; GG, TGTAALT-

. CARAG]
. TGETT
. TGTAC

TATT
CAT-
TAAA

1290

Ti T
T}
Al

1370
TGA
GT
GG,

—

1450

stop

1140

TTGC T
TCGCTAATT
CT—CAATCTAT CITAA

1220
[

TT.

TG

1300
TGTGCT!

CGi CTTT TATCITCC
TGACTATA TGTTGETETTHC
TACAATAATT] TCGACHTCAARGARTC.

1380

1

1150 1160
TC
CTi

1230 1240

ATGTTGAAC.
Ci
TCGICGA-T

ATGIG!
T

1310 1320

1390 1400
ACTTTALT
GATCTATT,
AA-CGATICAT TAATCCiG;

111

G. C-GTA
G. T-GTT
TATITAGCC

T |
T |

T G
T
G Cl

]

1250
C
G

C
1330

T}
T}

AATTA

1100

C
C

1180

1260

1340

CATATATT!

T
]
A

ACTAATTTATACART!

1410
CA-AT

TGETA-GCI

GETARTACAT,

1420
CAGAC
CTAT
TTG.

TTGGCTGARC

0
CIET
THEC
TITT
TG
Al G
Tl TATT C

810 820 850 860 870 880

: AARTACT T TGATT TACIT TT C

1 G G. GARTT CHIC CG GA'

¢ CT 1C TGCAT TAGAGIGCHT: GIT i TGACCA. TGGTGG:
890 900

: ATEATG-GCT —GIIAA!

: ACEATG-GG: —ATTA

: TEACATTTTT;

950 960
CATTCTARTTET
THATCTATCTET

GAAGATACHC

1030 1040

TGCAC C
TGCTT GC
TEACEL. A
1110 1120

T, e
T Ci [T
© T il

127

—CTIT
—CACAGCG
GTC

135
I
i

143
ATTC
GATT

G,,,,

0

0

3

0

T
TT

Ti
Ci
Gi

1280

1360

T}
CGTTTAT:
CATCIFAC

TAGT

1440

Ti
GG



S18.2 Multiple amino acid sequence alignment of Wzx. (Flippase)

10 40 80

20 30 50 60 70
KRS02083 Ia : —KNTTKNFLGVVT S IVGFAVPKFLSVEEYGLL Ll DEEDRP
NUF1003 Ib —RNTVRSFEGVV S IVGFALPKILSVEDYGYL EEGGKSYDELERL
NUF1032 IT : MKEI VLMSNA! LPMELTIDDF———GYF I E E

90 100 110 120 130 140 150 160
KRS02083 Ia : V SLASAETELFTATMEFKEDQ 1 ISNYEQ
NUF1003 Ib : Ti TELS VSIICFDSDLS S TSNYEQ
NUF1032 II S HIEVSEPMLLLSTEESNINT T INMESENVIGYER

170 180 190 200 210 220 230 240
KRS02083 Ta : FLCYFEFKNNQHVS INYT TNRK: EK——ISFILGKKDIFLL TANIC
NUF1003 Ib : ILCEIEYKTHY I TYRE DK———VSFFDSKNDI TFLT TANIS
NUF1032 IT : VGLELEKSNGI 1 I LYQE KSTPLNDTFATVKKF——SKT I

250 260 270 280 290 300 310 320
KRS02083 Ia : T} D i DEXLAKQNYGYLVSHTETVERGARE V] S
NUF1003 Ib T} L I EE DNYGNLISHILE AFRT S|
NUF1032 1T 1 1 Fi DVIEKHGGKYKKFTFES TSEVELLESF,

KRS02083 Ia :

330 340 350 360 370 380 390 400
P 1 L

S Pi 1 Fi \

I8 TEPETITHT GKSVI LSHGLNLEAYLT S

NUF1003 Ib
NUF1032 1T

410 420 430 440 450 460 470
KRS02083 Ia : EQEFVKSFNYKSLKNLS LMCSEYLC Il ISYITVYLIFTLEYFKKLIANTR LKNIR
NUF1003 Ib EREFVKSFNYKSQRNLS LMTIRYCCSFITNL FVMIVEYCLVSLEYYKKLIMSTYNK I[ISNKHR
NUF1032 1T DNYLAKELKLNESKNE I FTITRYST] W TIN—EVLFGVTETIINPEMITYLKKERGNKG
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S19. ISSdy! insertion event in cpsIbN (Hypothetical protein) of NUF1117 (subtype
Ic).

10 20 30 40 50 60 70 80
NUF1003 Tb :
NUFL117 Tc :
90 100 110 120 130 140 150 160
MUELO03 11 ATCGAAATGATAAGTATGACTTTTATTTTTTTCATGATTTTAATTCAGAAGAGACTTTGAAAGATCAATT -~
NUFL117 Tc : TGAATCGGTT
170 180 190 200 210 220 230 240

NUF1003 Ib :
NUF1117 Tc : ACACTAAACTAGACAGAATTTATAAAGTGTTCTACACTAAAGAAAACAGGAGAACAGACTAGAAAAATACGTCGC
start /SSdyl orfA

250 260 270 280 290 300 310 320
NUF1003 Ib :
NUF1117 Ic : CACTTCACCGATGATTTTAAGCAACAAATCGTTGACTTGCACAATGCTGGAATGAAACGAAGTGAGCTTATCAAAGAATA

330 340 350 360 370 380 390 400
NUF1003 Ib : CAAG
NUF1117 Ic : TGAGTTAACGCCCTCAACCTTCGATAAGTGGGTCAGACAAGACAAACTAACGGGTTCCTTCAAGTCTGTTGATAATATGA

410 420 430 440 450 460 470 480
NUF1003 Ib :
NUF1117 Ic : CAGATGAACAACGGGAACTGATTCAACTCAGAAAACGCAATAAAGAACTCGAAATGCAATTAGACATCCTAAAGCAAGCG

490 500 510 520 530 540 550 560
NUF1003 Ib :
NUF1117 Ic : GCAGTGATTATGGCACGAAAAGACAA CACTGCAAACAAGGATAAATACAGCATTTCAGC I GTCGTTGGCTG
stop start /1SSdyl orfB
570 580 590 600 610 620 630 640
NUF1003 Ib :

NUF1117 Ic : AACATCCCGCGCTCAAGTTACTACTACCAAGTTGTAGATCCTGTGTCAGAGGCTGATCTCGAGGATAAAATTACCTATAT

650 660 670 680 690 700 710 720
NUF1003 Ib :
NUF1117 Ic : TTTCTTTGAGAGCAAGTCCAGATATGGGGCTAGAAAAATCAAGAAATGCTTAGAAAAGGACGGCATCATACTCTCTCGCC

730 740 750 760 770 780 790 800

NUF1003 Ib :
NUF1117 Ic : GTCGGATTCGTCGCATCATGGAGAGACTCCACTTGGTATCCGTTTATCAGAAAGCAGCCTTCAAACCGCATTCTAGAGGG

810 820 830 840 850 860 870 880
NUF1003 Ib :
NUF1117 Ic : AAGAACGAAGCTCCTATTCCAAACCGCCTAGACAGGCAATTCGACCAAGAAAGACCACTGGAAGCCCTGGTGACCGACTT

890 900 910 920 930 940 950 960

NUF1003 Ib :
NUF1117 Ic : GACTTACGTCCGTGTGGATAGGCGCTGGGCTTACGTTTGTCTCATCATTGACCTCTTTAATCGTGAAATCATAGGATTGT

970 980 990 1000 1010 1020 1030 1040
NUF1003 Ib :
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NUF1117

NUF1003
NUF1117

NUF1003
NUF1117

NUF1003
NUF1117

NUF1003
NUF1117

NUF1003
NUF1117

Ic :

Ib :
Ic :

Ib :
Ic :

Ib :
: AAACCTTTCAATCACTAGAAGAATTAGCCCTCAAAACGAAAGATTATGTCCACTGGTGGAACTATCATCGCATTCATGGT

Ic

Ib :
: AGTCTTAACTACCAAACTCCCATGACCAAACGAATTATCGCTAAGCACTTTATAAAAATTGTTCAGAAAAGTGTTG

Ic

Ib :
Ic :

CCGTTGGCTGGCACAAGACTGCGGAGCTCGTTAAACAAGCCATTCAAAGCATCCCTTATGCACTAACCAAGGTCAAGTTG

1050 1060 1070 1080 1090 1100 1110 1120

TTCCATTCTGATCGTGGCAAGGAGTTTGACAATCAGCTGATTGATGAGATGCTTGAAGCTTTTGGAATCACCCGTTCTCT

1130 1140 1150 1160 1170 1180 1190 1200

CAGTCAGGCTGGTTGTCCCTATGACAATGCCGTCGCTGAGAGTACCTATCGTTCCTTCAAACTGGAGTTTATCAACCAAG

1210 1220 1230 1240 1250 1260 1270 1280

1290 1300 1310 1320 1330 1340 1350 1360

stop
1370 1380 1390 1400 1410

CCTTTTCAATT;
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S20. The result of PCR scanning of ¢ps locus (P1-P3)

P1. PCR scanning of ¢ps locus of serotype la. (6 strains)

& ?I
- O S S S o .
': e oD N S e

region: lysR-cpsB -
2,600 (bp) cpsA-cpsD
1,600 (bp)

3 cpsE-cpslaG cpslaH-cpslaK
cpsC-cpsE 3,000 (bp) cpslaG —cpslal 3,300 (bp)
2,300 (bp) ’ 1,900 (bp)

cpslaK-cpslaM
2,200 (bp)
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P2. PCR scanning of ¢ps locus of serotype Ib, NT (cluster I) and Ic. (91+9+7 strains)

region: lysR-cpsB 2,600 (bp)

serotype Ib L NT (cluster I)

serotype Ic
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cpsA-cpsD 1,600 (bp)

serotype Ib NT (cluster I)

1
<

e e T T g —_————

serotype Ic

&
I‘ VI

v
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cpsC-cpsE 2,300 (bp)

serotype Ib

serotype Ic

v
A

118

IA
<

NT (cluster I)




cpsE-cps1bG 2,300 (bp)

@ BE R R R R R E R Bee ol R @R e P

i EE R PeE PR B9 PR W e B ¥ S P PR

N G N TR TR e T . e

serotype Ib L NT (cluster I)

B PR el e S PR e e e S T —

serotype Ic

v
A
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cps1bF —cps1bI 2,200 (bp)

serotype Ib

serotype Ic

120

NT (cluster I)




cps1bl —cps1bK 2,800 (bp)

serotype Ib

serotype Ic

r|<

121

IA

NT (cluster I)




cps1bK —cps1bM 2,700 (bp)

O o N S A A S B A S R e e e Al ses B @

serotype Ib | NT (cluster I)

serotype Ic

v

A
—_
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cps1bM —cps1bO 2,800 (bp)

serotype Ib L NT (cluster I)

2 X _ K B K §® §® ® ® FR F E W

1SSdy1 insertion event in
3 serotype Ic strains

serotype Ic

v

A
—_
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cps1bO —cpsQ 2,700 (bp)

serotype Ib L NT (cluster I)

| serotype Ic |
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P3. PCR scanning of ¢ps locus of serotype II and NT (cluster III). (62+13 strains)

region: lysR-cpsB 2,600 (bp)

serotype 11 NT (cluster I1I)

cpsA-cpsD 1,600 (bp)

serotype 11 NT (cluster III)

125



¢psC-cpsE 2,300 (bp)

serotype 11 NT (cluster IIT)

cpsE-cps2F 2,200 (bp)

serotype 11 NT (cluster I1I)
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cpsE-cps2G 1,900 (bp)

serotype I1 NT (cluster I1I)

cps2G-cps21 1,500 (bp)

serotype 11 NT (cluster IIT)
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cps2H-cps2J 2,100 (bp)

.-ﬂ—_—-——---—--—'*n.‘

-

serotype 11 NT (cluster III)

cps2J-cps2L 2,200 (bp)

serotype 11 NT (cluster I1I)
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cps2L-cps2N 2,300 (bp)

serotype 11 NT (cluster III)

cps2N-cps2P 2,900 (bp)

serotype 11 NT (cluster I1I)

129



cps2P-cpsR 2,000 (bp)

serotype 11

130

NT (cluster III)



