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Abstract

The cloning of hyaluronan synthase (HAS) gene of Streptococcus zooepidemicus
(group C Streptococcus, GCS) was performed by the strategy of the polymerase chain
reaction (PCR), using the design of degenerate oligonuclectides based upon conserved
sequences from other organisms. The PCR product was isolated, and then characterized
by DNA sequencing. The nucleotide sequence was determined and the deduced amino
acid sequence was then compared with known HAS sequences. The amino acid sequence
showed high similarity to other known HAS. In order to obtain the entire hasA sequence,
gene walking was performed. Sequence analysis indicated that hasA encode a protein;
hyaluronan synthase, designated szHAS, 417-amino acids protein (calculated molecular
mass, 47.77 kDa). The protein has two putative transmembrane domains at the amino
terminus and 2-3 transmembrane domains at the carboxyl end. Streptococcus DNA
fragment containing hasA was amplified using PCR. The amplified fragment was
incorporated into expression vector pET-28a (Invitrogen, USA). The pHAS, bearing the
hasA has been transformed into E. coli BL21 DE 3, E. coli BL 21 {codon+) and E. coli HMS
174 (DE3) plysS. The result showed that the hasA could only express in E. coli BL 21
(codon+). However, the expression level was made in disappointingly small amounts. One
factor influencing expression level might be the result of rare codon usage of some codons
near the N-terminus of hasA which could have severe effects on protein yield. Therefore,
the rare codon modifications near the N-terminus of hasA were performed. However, the
E. coli host could not produce HA even if they contain the pHAS plasmid with the rare

codon modifications and could produce hyaluronan synthase.

Keywords: Hyaluronic acid, Hyaluronan synthase, Streptococcus sp., Polysaccharide

engineering, Gene cloning
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1 ATGAGAACATTAAAAAACCTCATAACTGTTGTGGCCTTTAGTATTTTTITGGGTALCTGTTG 60
1 M R T L K N L T TV VY A F S I F WV L L 20

61 ATTTACGTCAATGTTTATCTCTTTGGTGCTAAAGGAAGCTTGTCAATTTATGGLTTTTTG 120

21 I Y ¥ NV Y L F G A K 6 S L §$ I Y & F L 40
121 CTGATAGCTTACCTATTAGTCAAAATOTCCTTATCCTTTTTTTACAAGCCATTTAAGGGA 188
43 L I A ¥ L L ¥V K M S L S F F Y X P F X & 69
181 AGGGCTGGGCAATATAAGGTTGCAGCCATTATTCCCTCTTATAACGAAGATGCTGAGTCA 240
61 R A G Q ¥ K v A A I I P S Y W E D A E S 80
241 TTGCTAGAGACCTTAAAAAGTGTTCAGCAGCAAACCTATCCCCTAGCAGAAATTTATGTT 300
B1L L L E T L K S VvV Q @ ¢ T Yy P L A E I Y V 100
301 GTTGACGATGGAAGTGCTGATGAGACAGGTATTAAGCGCATTGAAGACTATGTGCGTGAC 360
11 v D D G S A O E T 6 1T K R I E D Y V R B 12¢
361 ACTGGTGACCTATCAAGCAATGTCATTGTTCACCGGTCAGAAAAAAATCAAGGAAAGCGT 420
121 T 6 b L 5 S N V I v H R S E K N Q@ 6 K R 142
421 CATGCACAGGCCTGGGCCTTTGAAAGATCAGACGCTCATGTCTTTTTGACCGTTGACTCA 480
141 H A Q@ A W A F € R S D A DV F L T ¥ D S 160
481 GATACTTATATCTACCCTGATOGCTTTAGAGGAGTTGTTAAAAACCTTTAATGACCCAACT 540
161 0 T Y I Y P D A L E E L ¢t K T F N D P T 189
541 GTTTTTGCTGCGACGGGTCACCTTAATGTCAGAAATAGACAAACCAATCTCTTAACACGC 600
183 VvV F A A T G H L N ¥V R N R Q T N L L T R 200
601 TTGACAGATATTCGCTATGATAATGCTTTTGGCGTTGAACGAGCTGCCCAATCCGTTACA 669
281 L 7T D I R ¥ D N A F G ¥V E R & A Q S ¥V T 220
661 GGTAATATTCTCGTTTGCTCAGGCCCGUTTAGCGTTTACAGACGCGAGGTGGTTGTTCLT 720
221 ¢ N I L ¥ C $ 6 P L S5 ¥ Y R R E V VvV VvV P 240
721 AACATAGATAGATACATCAACCAGACCTTCCTGGGTATTCCTGTAAGTATCGGTGATGAC 780
241 N I O R Y I N Q T F L G I P V 5 I 6 D D 260
781 AGGTGCTTGACCAACTATGCAACTGATTTAGGAAAGACTGTTTATCAATCCACTGCTAAA 840
261 R ¢ L T N Y A T D L 6 K T ¥V ¥ Q 5 T A K 289
B41 TGTATTACAGATGTTCCTGACAAGATGTCTACTTACTTGAAGCAGCAAAACCGCTGGAAL 909
281 ¢ 1 T D V P D K M S T Y L K Q Q N R W N 300
991 AAGTCCTTCTTTAGAGAGTCCATTATTTCTGTTAAGAAAATCATGAACAATCCTTTIGTA e
31 K S F F R E § I I S V K X I M N N P F ¥ 320
961 GCCCTATGGACCATACTTGAGGTGTCTATGTTTATGATGCTTGTTTATTCTGTGGTGGAT 1820
32t A L w T I L+ E ¥ S M F WM M L Vv ¥Y S ¥V Vv D 342
1821 TTCTTTGTAGGCAATGTCAGAGAATTTGATTGGCTCAGGGTTTTGGCCTTTCTGGTGATT 1930
341 F F ¥ G N ¥V R E F D W L R V¥ L & F L ¥V I 360
1981 ATCTTCATTGTIGCTCTTTGTCGTAATATTCACTATATGCTTAAGCACCCGCTGTCCTTC 1142
361 1 F I Vv A L C R N I H Y M L K H P L § F 3se
1141 TTGTTATCTCCGTTTTATGGGGTACTGCATTTGTTTGTCCTACAGCCCTTGAAATTGTAT 1200
381 L L S P F Y & V L H L F V L @ P L K L Y 400
12@1 TCTCTTTTTACTATTAGAAATGCTGACTGGGGAACACGTAAAAAATTATTATAA 1254
421 S L F T I R N A D W G T R K K L L * 418

Fig. 1. Nucleotide and deduced amino acid sequences of the S. zooepidemicus
HAS ORF. The DNA sequence (top row) of the ORF encoding szHAS was cloned

from genomic DNA of S. zooepidemicus. The encoded amino acid sequence is
shown on the bottom row.
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Fig. 2. Alignment of the deduced amino acid sequence of HAS from §.
zooepidemicus with S. equisimilis and S. pyogenes. The alignment was adjusted to
the degree of overall sequence similarity with S. zooepidemicus using the DNASIS
software (Hitachi Software, Yokohama, Japan). Identical amino acids are shown
on a black background. Residues in szZHAS that are identical in all other HAS
family members (including human HAS1, HAS2 and HAS3, which are not shown)

are denoted by asterisks.

The amino acids indicated by dots are conserved in all

members of the larger S-glycosyltransferase family (Nagahashi et.al.,1995). The
approximate midpoints of predicted membrane domains (MD) 1 though 5 are

indicated.
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