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?_Iﬁ E:. [869) LaRA (Streptococcus equl subsp. zooepidemicus) ¥ 1% B Jil BR £ -89 £ M) &R,

R RFAR KR E LR RAF R BN, WA —ATITR S Z R BRES mAl XA R 69 Rk, [
%1 A )ﬂ é) T/ﬁ’iﬁ pSET4s::sacB fuai;éu AP RN SAE R, Thit B AR 2 R R RAMK
MER , #—FF| A iEHE/NF PCR (Ligation mediated PCR, LM-PCR)7 ixAn4 A F &
A, #’I/ﬁ“ /ﬁﬁ AL B &&ﬂ.i%ﬁnﬂ"‘ﬁ“@ﬂ‘%%‘%wbﬁé)\h .4 RIMET 04 150
WA AR 2 F REMRG RN, AR RN HE G 1 5 REARMDAEA R 02T %,
Hom 2] B AR A S B A E 20 458 960 45,5 £, BIRT S AhIBAEAE -6-BREOMEE 49 lacC A B; &
RFR lacC KRFFE] AlacC, RA AR AacC RN A +bt E R4, #—F2KRAE N
BRI, BT lacC AR EAEIBARE, 206 613 1255 EBKE G oK, FHHDEVRKR
é\ﬁi@@‘éﬁ hasA AR X AR E, HE4h hasd KA E, M1 IRE R ERESREED . (48]
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High throughput screening and cloning of new genes related to
synthesis of hyaluronic acid in Streptococcus zooepidemicus
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Abstract: [Objective] Since hyaluronic acid (HA) biosynthesis pathway and the related genes in
Streptococcus equi subsp. zooepidemicus have been thoroughly studied, it is of great significance of
exploring a kind of strategy to identify new genes related to the synthesis of HA. [Methods] Strains
phenotype defect were screened using the randomly incorporation of the suicide vector pSET4s::sacB
in host genomes and a mutant library was constructed. Integration loci were detected through ligation
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mediated PCR (LM-PCR) and verified by gene deletion and complementation, as well as complete
genomic sequencing. [Results] A mutant library containing 150 mutants strains phenotype defect was
constructed. We detected that the temperature sensitive vector was incorporating at 458 960 loci in
Streptococcus zooepidemicus genomes and disrupting gene /acC which encodes tagatose-6-phosphate
kinase. AlacC was obtained through markerless gene deletion system, and the phenotype analysis
showed that AlacC still displayed the mucoid phenotype that was not the same as M1. The further
complete genomic sequencing showed that base G in the locus of 206 613 in M1 mutant genome was
lost, which was located in hasA gene encoding hyaluronate synthase and leading to frameshift mutation
of hasA. What’s more, when complementation of 4as4 in M1 mutant, interestingly, M1 mutant rescued
the capsule synthesis ability and displayed mucoid phenotype. [Conclusion] The result indicated that
the loss of capsule synthesis ability of M1 mutant was the result of the loss of has4 gene function,
which had nothing to do with the lack of lacC gene function. This study preliminarily established the
strategies to high throughput screening new genes related to synthesis of HA in Streptococcus
zooepidemicus, which laid a foundation for mining new genes in future.
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175 2 (Hyaluronic acid, HA), XFRIZIEMR,
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e, PRI SRR ST 6 A E B T By
Br A% IR 2 5L . (SNP) . 454478 S (SV) A A
R (InDel) 5285 B, MMRAHZ A Wy 15 t5 722
FEE.

ARG — U B B R AR O B BE LA A
G R P R TR S AR AR PR IR ST SR, R FH I
KA LM-PCR 7 5o b TR OB SOy 38 07 4, 3
1t lacC B ICIR RN hasA Je R 7] NS0 46 1F 5k
T RE S RAG A, S TR SEW R A
A BT R 9 7 I RSN , A JR 424 B i [ 24
SE TR
1 MR5TT8%
1.1 #
111 BRRFARRL: T B SR R RR IR 1 P
KIBFFE IM109 £ Luria-Bertani (LB)3% 37 %
37°C. 200 r/min {535, EERERREME THY 150k
R A S [0E TNa B33 (PP O BN 772 d B
A2 (50 mg/L)FIZ R F (100 mg/L); %44
PERERRTE , HULE (100 mg/L) I K (5 mg/L).
1.1.2 TEBS. RFISEMILF: FREEN DI
T4-DNA i&4% 1 . Taq W, W H TaKaRa A H]; PCR
gl AR & . IR RRE I PO & L Bk N
Rgr, WHIE KRN W R N
R A LA TAY TREARAF,
1.2 A&
1.2.1 RETIREERIME: 7837 °C &M, IREH]
JE&H JFokT pSET4s::sacB /N RETE S RE R B P IE H &2
Hl, FEAEPAE ZPihE R ek, Bk RELE A 215 £
JEIR A, i B AR o 0 U 3R R e R R
pSET4s::sacB HUFALEIEREEE BRI ATCC39920 /%
ZAYNMH , 155 S. zooepidemicus/pSET4s::sacB T
B, KRR R T AW Y THY WAARE IR
Ferp, 37 °C, 200 r/min ¥53% 12 h, FiBEEEHK
JERA TR PR THY B L,
37 °C #iEHFR 24 h, Tk SRR RRAIA 2L

AL RR o

1.2.2 HEALLEEN: TGk 2 s, i
YIRS T RIGebride . HEHRSSAERRE M1 SER 400
Atk a5 S Bl BRI N VT (Sal T, Pst 1,
Sph1, EcoR 1, Hind III) 37 °C & M), % H
R -G O sl SO 1) B R 4 R B o R PR
J B SRy BRI N DIl , o0t K wmR A Ab B
() pUC19 ki BE 16 °C 1 iids . 3= WkkAk
KA IM109 BRAZ 4000, i T E A AT ER
PUAEZEM LB B L, 37 °C B55% 12 h, PREGE
G FHBCRE 95149 P1/P3, P1/P4, P2/P3, P2/P4 (P1 .
P2 iR, P3. P4 h pUC19)iE 17 i 7% PCR.,
PCR ¥ 3 2 W {& & (50 uL):ddH,0 41 pL, 10xTag
reaction buffer 5 uL, 1E. K[ 5|4#(10 pmol/L)4%
1 uL, dNTPs (10 mmol/L) 1 pL, Tagq (5 U/uL)
1 pL, BB B, B A o SO 45 : 94 °C 5 min;
94 °C30s, 55°C30s, 72°C3min, 30 MEFF;
72 °C 10 min; 4 °C {47, PCR W 4555, B S uL
P TSR IS L DR A o K 4 s AR S P
— A I BT R R TR, 3% S AR HE R W
¥ o DA A48 SR 5 I R U AR Y T 91 L
Xt RSN AL H A S, JfiEsE BLAST
TS NCBI Fh 358 (19 H- R Bk i S R 417 91
o, FRENH AN

1.2.3  lacC BEFEBIRIRR: 4 lacC IR
HIFEEFN lacC FER B TOIR R . (1) lacC FEDH R
WO lacC O OB B K
pSET4s::sacB::lacCLR 4 38 i S 4 PCR
H AW (Gene splicing by overlap extension PCR,
SOE PCR), VIF-REHEER TR ATCC39920 JE[H 2] DNA
Sk, A lacCLO1/lacCLO2 1 lacCRO1/lacCR02
J51 W, Y lacC R IR HBORN T i A
BL WIS A BGE i R PCR W IR — T K
K/INK 1488 bp 1Y lacCLR FE%, lacCLR ZeBR 7%
WUIBERE IR fS , %455 pSET4s::sacB BRI
Pst VEcoR 1 BEUINLE, HEE lacC HeDH AR a4
pSET4s::sacB::1acCLR ., (2) lacC FEH ) JCIR Rl -
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Table 1 Strains and plasmids used in this study

TR BTAL FRHAIE IR
Strains or plasmids Characteristics Sources
BE#E Strains

E. coli IM109 Host for cloning Gibco BRL
S. zooepidemicus ATCC39920 Wild-type strain ATCC
Ml S. zooepidemicus mutant This work
AlacC lacC-deficient strain This work
M1/pLH200::P,,e::hasA M1 mutant harboring pLH200::P,,g::hasA This work

JFRL Plasmids

pUCI19 Vector for routine cloning This work
pSET4s::sacB pSET4s harboring sacB driven by Pcm promoter, spc” [13]
pLH200::P,,¢::hasA pLH200 harboring hasA driven by P, promoter, spc’ [13]
pSET4s::sacB::lacCLR pSET4s::sacB harboring the 5" and 3’ flanking sequences of lacC, spc’ This work
%2 WRAANIIY
Table 2 Primers used in this study
519 hgdl e
Primers Sequences (5'—3’) Underlined

JHTFHM pSET4s::sacB JFRiE AL &S

Primers used for detection of insertion site

P1 AAGGCGATTAAGTTGGGTAA
P3 ATACCGCACAGATGCGTAAG
P4 CGTTGGCCGATTCATTAATG
FAFHEE lacC HeH mgbRBURL
Primers used for construction of the vectors for /acC gene deletion
lacCLO1 AACTGCAGGTGGCCACAATAATGCTCGT Pst 1
lacCL02 TGTTTCTTGTTAATGTCATCATGCTCTCCTAATCCTGGTA Fusion overlap
lacCRO1 TACCAGGATTAGGAGAGCATGATGACATTAACAAGAAACA Fusion overlap
lacCR02 CGGAATTCAACCAAGGTCTCTTGAAACA EcoR 1
FATFRAIE lacC FEFH R
Primers used for examining double crossover events of /acC gene
lacC-P1 GCTTTGATGTGACAGACGTG
lacC-P4 TCGCTCAAGCACCTGATTGA
FAF I hasA FEH [BIRFURL
Primers used for construction of vectors of has4 gene complementation
Ppgk01 ACATGCATGCATTTGCGTGATGTCATGACT Sph 1
Ppgk02 AGGTTTTTTAATGTTCTCATAGTCAATTTAGCCATTTCAT Fusion overlap
hasA01 ATGAAATGGCTAAATTGACTATGAGAACATTAAAAAACCT Fusion overlap
hasA02 ACGCGTCGACTTATAATAATTTTTTACGTGTTC Sal 1
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Bt lacC R R RZAK pSET4s::sacB::lacCLR B4 1k
P HREEEER I ATCC39920 B A4y, Wi T
TATHIEEER (100 mg/L)HY THY 355 1, 30 °C
B BR TR R R 77 THY
WG S 3Em 30 °C. 200 r/min B335 12 h, REH#
HFEE 37 °C K557 4 ho B RiE YRR R IR A T8
A 5% (T AR E)REREY THY AR FR5E L,
37 °C 155 24 ho G REREDUIE FUH UL 2 BUm)
TElE, FH51H 1lacC-P1/1acC-P4 BiiF lacC R E%:
124 2ERASFNF: FEER M1 RAREER 4%
AR I A RS R T S R A Y, Sy
SERUE DBUR IR EE(Raw reads), ZidlEFi54L,
3k, SRIG S NCBI AR R RE BERR B 2 [ 4 7
IR, EBRF PCR ¥ B £ SHEWEKL
Paired-end Reads. H34f /551 X} 25 5845 H ARG
T2 H N OB 55 B A P R . Ak RAR S
() FRAZ 1Y TR 22 A5 1 467 55 (SNP) , J A /85 2K A3
(Insertion/Deletion, InDels)%,

1.2.5  hasA ZEEEI%M: FI55 hasA HEE K BORLT
Fad K hasA FEPARIEN . (1) hasA FEDH RN SORL RS
. DU BRI ATCC39920 KK 4H DNA Jyfsifi
DL Ppgk01/Ppgk02 R5 |4y, ¥ Y415 pgk 3L )G 3l
TSR EE; DL hasA01/hasA02 514, 416
T hasA FERTFRCREHER) B B o WA R Bl ad 5

Ml M2

B PCR M 7 ik 27— BIE K /N R 1469 bp
() Ppgi-hasA F B, SRR UIRGREDI RIS, %
155 pSET1 FORLAY Sph 1/Sal TRV &5, ¥4 8 hasA
L INBRE pSET1::Ppgii:hasA . (2) hasA F:H1A]
#b: A pSET1::PyghasA BRI HL AL E] M1 5878 bk
o, WA TS A &R (S mg/L) THY AR I, i
e AR R YU R — 251 HT
2 GREM
2.1 FARTHERTIRE

PERERERR TR B AR B AR TR IR SO . i HL
St R TR BRI & B e A R TR ]
b, A AR B BRI G PR 2 T 88
BREERRG , RIHEEIEA/N . T H B LA
). B R, A0 150 PR5 HREREEk A
AR B R 22 57 I B 1 S A R B 1) 28 AR AR
RAMEII G50 MI-M150, XL bR 2%
SR A AR AR IR A LA Y, R
—PARSE . FATE SIS iR Bk 1) 1 5
RAFKRMDVE N IEREF ST 5, 45505 [ M ak
PR AE R B AR IEE A I RE F AR R R, TR Y
— i LR 1 SR
2.2 pSET4s::sacB RAIENGL S 27
2.2.1 HEALLS PCR ¥ IBHEMEE R : M1 AR

B 1 REEEFIER M1 REGRSFEREKRRE DR
Figure 1 Selection of mutant strains and assay of the phenotypes between M1 and wild type strains
E: A, B: RBKRIGHLIE, A Ko M1 ZZEA; B Koy M2 72K, C: M1 RS RUGRMRER R MAT IR, WT: BfA:
RIGRR; MIL: 1 SR7BH.
Note: A, B: Screening mutants on THY plate, A: o indicate M1 mutant; B: o indicate M2 Mutant. C: Assay of the phenotypes between
M1 and wild type strains, WT: Wild type strains; M1: No.l mutant.
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KA 2 Sph 1Y, 5 pUC19 k& 544k,
LI P1/P3, P1/P4, P2/P4 5|14 PCR AP 1
25, H P2/P3 S 1S B — B R SR SRl
25 K/IME 250-500 bp (9 2), FEHYLZ Sal 1,
Pst 1, EcoR 1. Hind 111 V145 H 5 PCR ¥4
P 1 R S R
222 mEMFFFIEX: ¥ 2210 ¥R 0
I ORI T , BT 45 5K 5 pSET4s::sacB ik
Feol e X, Z5R R Hd 226 bp AT A
pSET4s::sacB FRiAIFS, 238 bp NAKFH (A
3), BHZARMIFES] S NCBI R i 255 5 Bk
ATCC35246 FFEMFEF AL Xt G & B, TR i)k
HWFES 5 MR E ATCC35246 N AH
458 723-458 960 Z [A] 75— PEH 100%, SA7
ML T B AE BE-6-BERRIMIE Y lacC BEFINHEE,
I A R T EE A R, EEAREIR T lacC 3EIA
) 2 HRE .
23 lacC ERE MR REAXRTRE S
BTESA SY%RElE THY BASEHr 4 Y
WK T THY WA 53R 12h 5, $REUE

A

Genome

pUC19
2 686 bp

Amp* { pUC19::Genome DNA 3

ColE1 ori

4, A lacC-P1/lacC-P4 A5 ¥ it4T PCR 44 ,
WAL lacC BB @R, WIREY 3 LG X R 2 /N
933 bp M55 HF (K] 4), G5 RH, THBERIN 4 BRIEYY
RE 3 ) FEBFAE /N 900 bp ZEAT 454, ATBES
lacC @R A o HE—25 38 b0 3945 20 i 4 1 T4l
AR T, 43 H & PR 8 45 21 (4 3 X 91) 5
AT Z [P 5 — 20 100%. S5 5R% W, 715
4 tE lacC FEH BRHEME o

W R BEBR TR A R TR AR ML ZEZE RN AlacC
RASRELFN T THY WAREFR 3, 37 °C 200 r/min
355 8 h (ODggo 2949 0.6), #4 3 HREXIZ T THB
RFAR I, 37 °C e KGR 24 h )5, MERRT(E 5),
Z5RFM, AlacC FRASKE 5P A BRI RF R — 2L,
PR B S G AE ST, M1 RASRR AN SR B EE A
JEH lacC SR TIREMERC SRR, AT R A A=A
W AT REA HARAT AR, BT A E— XA bR T
T
24 Ml ZTixEEFEFENF

PPERE PR JE A K/IMICh 2.17 Mb, X M1
HEAT AR EN Y, 8129 11 G & EdE

B

M 1 2 3 4

bp

2 pSET4s::sacB BRIt N s 45
Figure 2 Detection of the insertion position of pSET4S::sacB plasmid
TE: A: pSET4susacB FURAR AR %R K B: pSET4s:sacB FURLR AL PCR 43 4],
Note: A: Detection method of the insertion position of pSET4s::sacB; B: PCR amplification of the insertion position of pSET4s::sacB.
M: 1 kb DNA marker, 1-4: PCR amplication using the primers P1/P3, P1/P4, P2/P3, P2/P4, respectively.
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1 GCCGTTTGCTAACTCAGCCGTIGCGITITITATCGCTTTIGCAGAAGTITITITIGACTTICTIIG 60
2 GCCGTTTGCTAACTCAGCCGTIGCGTITTTTTATCGCTTITGCAGAAGTITITIGACTTITICTTIG 60

1 ACGGAAGAATGATGIGCTTITIGCCATAGTATGCTITGTITAAATAAAGATTICITCGCCTTG 120
2 ACGGAAGAATGATGTIGCTITTITIGCCATAGTATGCTTIGTTAAATAAAGATICTTICGCCTIG 120

1 GTAGCCATCTITCAGTITCCAGIGITIGCTTCARATACTAAGTATTTIGTIGGCCITTATCTTIC 180
2 GTAGCCATCTTICAGITCCAGIGITIGCTTCAAATACTAAGTATTITGIGGCCTTITATCTIC 180

1 TACGTAGTGAGGATCTICTICAGCGTATGGTTGTCGCCTGAGCTGTAGTTGCCTTCAAGAAC 240
2 TACGTAGTGAGGATCTICTICAGCGTATGGTTIGICGCCTIGAGCTGTAG. t c e v e e v e eens 226
1 TGCCCTTAAGGGGGCCCCCGAACAGTCCAAGACAGTCAGACACCCGTAGGCTTTAGCATT 300

D ceececsescsscsssescss sttt et csssssssscsssssssscsssssssscsnses 206

1 TGCAATCAGCCTTTGATAGTAATCAGGCTCTAGGCCTICTTGGCAGACTTCCAGARAGCGT 360
D ceesssescsescssesssessseassessseasseasseassesssesssessseasaes 226

1 CATAACAGCACATGACTCAGCCAGCATACTTAAGTGTGCCATAAGGCCTGCTGCCTCCTC 420

1 AGAAGCAATCAAAGGACCTGCCTCCAAAAGCTCAGTCTGCATGC ;gz
2 it e e e e e e e e ee e e e e e e e s e s e s e e eseseese

B3 MEFFIISBEFRRRFTIEXER
Figure 3 Result of sequencing sequence and pSET4s::sacB plasmid sequence BLAST
F: 1 AEENARTIELTRINTIFS]; 2: pSET4s::sacB JTRLF41.

Note: 1: Sequencing sequence of the recombinant plasmid containing the genome; 2: Sequence of the vector pSET4s::sacB.

(SPC } {__sacB }
I DRI
PL X
— Y2 I ——
lacCL  lacC 1acCR  py

l Plasmid integration

lacCL  lacC lacCR |
L_wk_;_—wwwm ......... —

T>5—OR <X
—H IR
lacCL lacCR
Plasmid excision l
I
I KHICO00000 S
lacCL lacCR lacCL  lacC lacCR
B da S— i SO0 /A e— 0 U500 e
lacCL lacC lacCR lacCL  lacCR
Abortive allelic exchange Successful allelic exchange

B4 lacC ERAMPRE PCR 1IE
Figure 4 PCR validation of the AlacC strains
T A lacC BEFIRIFHR R B: lacC B RRIIER.
Note: A: Principle of lacC gene deletion; B: Verification of /acC gene deletion. M: 1 kb DNA marker; P: PCR amplication using wild type
genome as templates and lacC-P1/lacC-P4 as primers; 1-4: PCR amplication using different transformants genomes as templates and
lacC-P1/lacC-P4 as primers.
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Bl 5 lacC EREBMRERRES
Figure 5 Assay of the phenotypes of AlacC mutants

W WT. BRERERE ML: 1 SR8k AlacC: lacC FEHG
W B
Note: WT: Wild type strain; M1: No.l mutant; AlacC: lacC gene
deletion strain.
i, AT Reads Kb 12 138 824, A HEXT
L ZH I AW Reads FLH A 11 650 709, FbX} I
SZILHA F TR R 527, S35 A
B Reads Hxf B 36 FE A 99.99% . iff —20 5 s
FERR DR AE R 2780 X, RBIBR T O s e
BERT lacC FERIN SAFTEIR AR AE , J54 206 612 i/
SRS G Bk, 75 S B g hiE B IR A R Y
hasA FE R ARG, SUH I ResUL A4 s As
(&l 6).
2.5 M1 EREI*N hasAd BEE S

AR S B =AW hasA [ fb TR

pWVO1::P,g::hasA FEALE] M1 58248 bR B AZ 25 40 i
Hr, F55] M1/pLH200::P, g hasd , F4 HA5 bk
PHEFAE UG AR M1 SRR T THY WAL
H1, 37°C. 200 r/min 3535 8 h (ODggo 24 0.6), ¥4
3MREXIZ T THB BEMARFA [, 37 °C #i B K%
24h 5, WMEERAE 7). Z5RKH, M1 RAEKTE
[Ikh has4 R DIRESE KR A R RE ST, B M1
GEAFRRFRVERFE I hasAd FERFERS R AR,

T 6T ML 4 5 PR 2 S0 3 R hasA F5E PR [
NIRRT, M1 AR BEAIL [ & S AR AN A
ARG M1 SRR PR SERR A e ) r e
M hasA SEFIIRERVRTIRE, 5 lacC LR TIRESRK
JK

L TR T B A AR A SR R,
K 1Ay H TR B A A 2 SE PR 4 ELX B Bk B
B TR & B — 2 52, DT AT 5 A8 IR 2 R R
FHT GBI RIR A BAHDCH LA . WA (1945
SR AN R o ) A Y 5 AR R PR v S AR AR SR AR I 22
SR RAEL R, PR R A A=Ak
. Ak, BARAT KRR A & 578 B4 JE ]
FURARARAY, TR 150 BRSAAN TR 51k
HF SR A WA BT S R A AR X, HLARH
LRI ) HR W g ik — 20 NGB AR P R Y 5 35 W
J R A B o PR B T ARG 14 J i

1 3?8 469 1254
i i }
ATGAGA...... GTCATTGTTCACC...... TTTTGA...... TTATAA ATCC 39920
A68 V239
} }
Transmembrane -
1 468
} ' )
ATGAGA...... GTCATT_TTCACC...... TTTTGA...... M1
A68 K137

.
Transmembrane

B6 ITFHBEKS M1 REMK hasd EEFFIRINGEE S

Figure 6 Assay of the sequences of #asA gene and domain of wide type strain and M1mutant
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7 E% hasA BEE ) M1 RERTKE S

Figure 7 Assay of the phenotypes of M1 mutant rescuing
hasA

. WT: BPAERIGMR; ML: 1 S%780k; Rescue: [I%h hasd
FEA M1 2875 B

Note: WT: Wild type strain; M1: No.l mutant; Rescue: hasA
complementation in M1 mutant.

3 &

W& LG B TR R L, 1)
B HA A RHLER, 7850 /K Pk Hpe B sk 315
HA B Wbk A B L AR ST T—fiz
P55 EREBERR T HA A R G L R AT 52 SR s
R [ AR ORI BE LR AL 4IRS HA A
SEHEMH, JfTE I BRGS0 O e i) i PP B BR
PR 2 AR IR, 38 3 ok S8 42 PCR HER i [ R~
JER B A AN pe, S L R SR A A B 51 3
DR LR SZ G, 00 UE 3 R AN R T RE AR SEE . AR sk
Kr3m s [ A BRI A B B A 150 Rk AR
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