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[Abstract] Objective Using molecular methods to study the relationship between genotypes and
serum resistance of Neisseria gonorrhoeae in Wuhan area. Methods NG-mast and serum bactericidal assays
at the molecular level were used to differentiate the 46 strains which were isolated from the outpatients of
sexually transmitted disease clinics and the relationship between different genotypes while phenotypes was
also studied. Results 80.43% of the 46 strains contained the island and we were able to define three
different combinations of genes in the isolates. Results from serum bactericidal assays showed that .all 9
sac-4" strains did not provide any serum resistance. Conclusion Different isolates carried different
gonococcal genetic islands (pathogenicity island) and certain phenotypes. There were no sobious relationship
between sac-4 gene and serum resistance of Neisseria gonorrhoeae .
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S B, B 4 B FERI8~54 5 36 BIBER
HERER(STD)E. BUEAREARBERELOHN3I~
4 omflt IHERBEREETFONL~2 cmit, W
MEMTRBEEEREL, T 36CHER24-36 hf5
AL EEEEREEMI-2 K, IAEKESEX
Yefn, EALBEFIN EAEBIRE KRB RAERKIE
B EEABIRET, RETF - 70CHKHHFH.
2ERE RREEFEEFEWE NHFEEY
HEARCGEM) B RFELF (H#5:008719),

3. ¥ E A F: Tag DNA E S8 .dINTPs W H
Promega /A 7] ;PCR 5| ¥ i LA LAY TREAR
MEERAFAMELERTBERBEARAERLA AR
Blo H AL KN A E= 244, DNA 4+ FHRE
(DL2000) bR MM B R4 Y (KE) TRAERNH

4. M EHH KRB NI ERE B R
B 5% CO, HHREHRE A miEHELAKKRENE,
BOSFEREL00 pI KK F, B & EHEH R 10" /ml
MEZW, 100CEH20mn FAHEZER,
12 000 r/min® 0> 10 min, FH R HE T - 20C K5
B2 plF= 4T PCR.

5.PCR #"3% B 8 DNA R # B J & E 75 LA X
LI BRI A RS Y traG LW 5-CTG CAG
ACC GAG CAG AAA CAT C-3' # F ##: 5'-ACG
TCT TTC ATT GCA TTA TCG-3', sac-4 L #f:5'-
TAT CTG CAG CAT CTC CTT TCC AAC C-3' i
F¥: 5-TAG GAA TTC CTC TGA AGG TTA
CCG3HIEWETHEYTIBERRMSERAREF
B;atlA F#:5-TTC AAC TGC TCA TAA TCA
AGC3'#MFI:5-AAA TCC TCT CTG CCT AAA
GA-3",GGIR F ##:5-AGC CAT CAG GGA GGC
GGA TA-3' M F##:5-CAG GCA AAC AGC TAT
TTG AG-3'PA K Por Mast |17 :5-CAA GAA GAC
CTC GGC AA-3 #F #:5-CCG ACA ACC ACT
TGG T-3'.tbpB Mast E##:5'-CGT TGT CGG CAG
CGC GAA AAC-3'#IF##:5-TTC ATC GGT GCG
CTC GCC TTG3 ¥ L EREREREAFRA
A M. B2 pl 4% E AR MASO ul PCR &
Ptk RY# {& R P4 ANTPs 0.25 mmol/L, 5| #1%
0.25 pmol/L, MgCl, 2.0 mmol/L, Taq B 1 U,
altA .traG P S EBE XN 94C 5 min: B 5 #
17 30 MEHF 94T 60 s, 52T 60 s, 72T 60 s, |5
—NMEREK &R 72C 6 min. sac-4 KB KR

&5 55T , & {4 Bf 8] A1 min, PCR =¥ & B &
i BREMBE LB RGL, ¥ altA . traG
Fllsac-4 LR R¥ GGI #4748, Por 1 tbpB =4
EE A TAY TERERARSERARAMT.

6.NG-mast 3 AR GGI B HIEHRER SR . B
M SCER (415 B, ¥ por B H pre-loop2 Fl pre-loop8
KPR E 5 A PorMastl #l PorMast2 [RI Bt 473 por
IA #it IB; Fi tbpBMastl fi thpBMast2 ¥ 4 r6pB %
W, P8 kB R 58C, FEMES 8 A1 min, 7=
Yo E % EBAE TAEY ITRERRSFERA M
5, por ZERBIMFLE RS GenBank F # M21289
FP5|—i2 A ClustalX 84 HoXt 4047, B M21289 )%
5 fy e ER B 455 N BREE FF 4R 9490 bp K/ANK A
B RIEHEA hitp://www. ng-mast. net B EUHE E
BRGNS ERBG]; FE opB EHEK
Mp gt R 5 GenBank B U65222 —i& A ClustalX
A H X AT, B U65222 5 BB BN 1118
MBETF #9390 bp - BL; thpB M por A B G| &
HENZEARSEFHEMERE(ST),

7. REIE AR X NHS 5Tt e BGRE B 10 £ %
A WRERTE R S AR R R E A LB AR A . BB 7E L
HAFM R R E R E LA RS REEMN B3 mliy
GCBL W& 38 24 K3 h,15 000 r/minB030 /5 &
B FEEagle’ sHE F M (4 K F2000 CFURISTHUE K
B, 43180 1 mIE A0, 1 mlf 10% .25% F1 50%
5 NHS i & 37C 5% CO, %% 5% 30 min, 7£ 0 min fil
30 minff 43 HIBL2S pl X3 #EFHFE TG 58 /1 3 P AR b
3824 h, i E & M E KK CFU/ml, NHS 56 i #
30 minfE X HR, HES £ 0 minft B ¥k CFU B0 AR
RAEEENS R, £F %= 30 minkf CFU &/
0 minff CFU {4 X 100% ,30 minff CFU i #320 min
B CFU BRI FFZ AR 100% .

8. G240 bt . R SPSS 10. 0% 4, X+ A [ 8
WAt NHS Wi T BB RS RHEE N ERE S
ENTERE,
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1. GGI #EH B W %5 : GGl altA EHM PCR
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B BR 14.23.28.32.33.,34 .35 .36 # 46 ZFAM:; H
B 1.3.8.12.26.41.43.,44 .45 Wy sac- 45 2 B,
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LA SR NHS HitE,2 A A S NEHIRS
o b e PR e IR FE AR SRS, oA 9 R sac-4 R
HRWBREEF AR R EE M BTk, 44 SHEHE
FHE0 minft A 14. 7% K EET:, WA 3,

3. NG-mast 55 5R 65 46 BREAEKRPHE
Z A ERHEERHAT NG-mast EH R, A5IY
PorMastl Fll PorMast2 3" 3 4,737 bp K /NEI 45 R
A B, i tbpBMastl # tbpBMast2 M 3~ 3%
589 bpk /NI RE R MR B, W F K405 #A
NG-mast ¥ $0H & o # R 15 2 M por-thpB %41

R AE R FS 4B (ST) B RILE 1,
1195r  [I0%NHS  D25%NHS  EISO%NHS
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B3 sac-4MHMEE X NHS WAERFX
R HREFHHEFNBARSMERERXER

gf ;ﬁmm‘g& altA traG sac4 GGI  ST(por-tbpB)
1 ® S + + + + 421(206-156)

2 & R + + -+ N(217-86% R 178)
3 B s + + + + 436(90-21)

8 H s + + + + N(217-86% &) ¥R 178)
11 & R + + - + 436(90-21)

2 B s + + + o+ N(217-86% [ 178)
14 5B S - - - -~ 369(256-137)

17 B s - + - + 809(543-33)

19 B s - + - + N(94% R ¥ 217-107)
20 B S + + - + 436(90-21)

2 & S - + - + 809(543-33)

23 H s - - - - 94(81-33)

26 B S + + + +  421(206-156)

28 B s - - - - 195(90-49)

2 B s - - - - 641(90-186)

33 B S - - - -~ N(580-33)

34 B s - - - - 1217(85-137)

35 B s - - - - 369(256-137)

36 B S - - - - 641(90-186)

38 B S - + - +  809(543-33)

39 & S - + - + 33(5-44)

0 B s - + - + 33(5-44)

41 B s + + + +  421(206-156)

43 B s + + + + 735(242-4)

4 B s + + + +  N(9%4% R ¥R 217-107)
45 & S + + + + 568(90-33)

46 5 S - - - - 641(90-186)

w

T S: % NHS 808 ; R: % NHS A HitE; N.RH&H

AR T R R ARG 46 WREF4
B, GGI P i & 4 80.43%, H v 80% 4 &
traG,67% B altA,19.56% B sac-4, #H—F L
¥ GGILERA A =MEH . E—-RENEEH traG
MaltA; B KRB & F W sac- 4F N EEK traG
FlaltA, B=KEH traG — BRI EFFH, BH
sac-4R altA, HXFFRREEHE IS YEMX
EEHE PR, RIVELAHFERPERT 24
WIRE NG-mast 0 & PR B K FF N(217-86%
R 178) F1 N(94% Rl 217-107) , EHHEEN
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2 5HRIN(217-86% [FIIR 178) I HE H B 4%
BTHE %, MHHERSTEHEEK S S/ 11 SHEHK
BAOSAAHBTE R, 9M4M4 SHEKERAN
XA ERMHRAERANEESE IR EREET
BEHEH, KERE GGl — A — 123 bpEHEER
B3], MH. influenzae RE . coli B dif 1 S B RE K
IR , dif PTHE0L 2 4% 545 49 B 488 XerCD iR 51,
i GGI Al BE 3k R BHX 4 XerCD A B R Ak h 5
i , T EL 50 B i 5 R MO I B Bk R AR KRB 4B
HEEEFASPN - SFHEFGEZ XA T#H,
M T A58 LR PR,

FF 7 55 oA B 48 B9 sac- 4R altA BN DGI ¥ 2
PR R E , FEWRER B 3 7 3 5R B BUE UM R
RMEEEBTFHEEFEERH. AR RIAMEK
B GGl i altA RRESWMEEEREBAEREMN
[EIWRYE , & 7 B 4R 75 IR BR B 240 M V8 iR 2L A PR R M
PR, KBRS M E R PGCTY, T
traG Resac-4aME N EE , 7T S BOKBRE X NHS 1
# ., McShan % # 1 \IKERE DGI # JC1 L K75
B — 2.2 kb A/ sac-4 3 H # 75 [E BE 6 F62 #k M
NHS BB 5 LR NHS #i# , Nowicki %' 7 I 2 if
b — X sac-4F F 5 B RN U F 3 R BB AL
FETHREEKRD, MATHINR sac- 47EWIRE NHS
RS TR P EEELBER., W sac-4%
MEAEK traG MRBHEFHE FHF W TraT FRE
AEEAPEBRMEL,EE. coli P RARBERE
B TraT EAA BB R BH MERE" AN A
Bl sac- 4 raGBEHEBEEEBY . I1H5E
BB H sac-4 5 M B HEFEE R XK,

5 Nowicki ' 9450 M K, A BF 55 49 1 1 41
ML W, W EAR CFU 8IS R —5,9 #%
sac-4FHEE MR IRBE A RN BB METH ,4 5
BMEEEOmn W E14.7% WEEL T, M
sac-4BHER 2 SR 11 BEERH £ TR MER
BTG, ERERITFEN(P<0.01), A
FREBERSN, B sac- 4 5MBHUHTHE
XM, AT Nowicki ML RERTREES
Fsac-4 DNA BRI S o 4k | — S M R E 4,
BASMRA TH F62 HAkZ N EA ME T,
MEWSHMEES F62 BE GGl #l traG #A,

NHS SEZER SN RO 0 5 MR BR B 05 o, X F I
HREKEEHHMRBREIE S M FLERMAMER
ZRBERE, WREEZHEHE LBRBEAR, 8t

SEE OHURE, AR NS EER (LOS), HF &
P RRAE H A KSR EE B i A CAM-NANA 15 Rk Bk
B LOS mE R BR 1L, BV BRIL W LOS BB E B4 &
#MEEF H N3RS NHS sitk, BXfii &
FMABENERSLKEY, Ram EV BIAMEXR
BL,DGI ¥k EESMEE 3 PorlA ZIKM S A FHE
SEMEREF HAm RS MEERHERER,
i Shafer 2" A4 Ram % B3R 8 X F L H 2 & &
FEAMERRE R & R BB, Por 5AMER 4
RIGR RS E LOS %5 B4 & 7] fE & H NHS $i
FHEMFER. NERSHTLE S NHS itk & —
MEEEEHERE RINE6FAREAHE LRSS
RBEMRRR)INAN, BEMN NHS itk B X
LOS £+ BB M IE por KK, 5 sac-43F B
BHEXE, sac-dXHREFHINIER(EFEEY#
Wsac-4 HF M T HRE R A BRE AR &M #H
UL & R B AR ERE— SRR,
$ = X ®

[1] Hamilton HL, Dillard JP. Natural transformation of Neisseria
gonorrhoeae : from DNA donation to homologous recombination.
Mol Microbiol, 2006,59(2) :376-385.

{2] Hamilton HL, Dominguez NM, Schwartz KJ, et al. Neisseria

gonorrhoeae secretes chromosomal DNA via a novel type IV

secretion system. Mol Microbiol, 2005,55(6):1704-1721.

Dillard JP, Seifert HS. A variable genetic island specific for

Neisseria gonorrhoeae is involved in providing DNA for natural

[3

it

transformation and is found more often in disseminated infection
isolates. Mol Microbiol, 2001,41(1):263-277.

[4] Martin IM, Ison CA, Aanensen DM, et al. Rapid sequence-

" based identification of gonococcal transmission clusters in a large
metropolitan area. J Infect Dis,2004,189(8):1497-1505.

[5] McShan WM, Williams RP, Hull RA. A recombinant molecule
from a disseminating strain of Neisseria gonorrhoeae that confers
serum bactericidal resistance. Infect Immun, 1987, 55 (12):
3017-3022.

[6] Nowicki S, Ram P, Pham T, et al. Pelvic inflammatory disease
isolates of Neisseria gonorrhoeae are distinguished by Clg-
dependent virulence for newborn rats and by the sac-4 region.
Infect Immun, 1997,65(6) :2094-2099.

[7] Sukupolvi S, O’ Connor CD. TraT lipoprotein, a plasmid-
specified mediator of interactions between gram-negative bacteria
and their environment. Microbiol Rev, 1990,54 (4):331-341.

(8] Gulati S,Cox A, Lewis LA, et al. Enhanced factor H binding to
sialylated gonococci is restricted to the sialylated lacto-N-neotetraose
lipooligosaccharide species: implications for serum resistance and
evidence for a bifunctional lipooligosaccharide sialyltransferase in
gonococci. Infect Immun,2005,73(11) :7390-7397.

{91 Ram S, Sharma AK, Simpson SD, et al. A novel sialic acid
binding site on factor H mediates serum resistance of sialylated
Neisseria gonorrhoeae. ] Exp Med,1998,187(5) :743-752.

[10] Shafer WM, Datta A, Kolli VS, et al. Phase variable changes in
genes [gtA and IgtC within the IgtABCDE operon of Neisseria
gonorrhoeae can modulate gonococcal susceptibility to normal
human serum. J Endotoxin Res, 2002,8(1):47-58.

[11] Gretton S, Patrizio C, Young H. The sac-4 gene of Neisseria
gonorrhoeae correlates with gonococcal subtype not co-existing
chlamydial infection. Int ] STD AIDS,2002,13(3):174-177.

[12] Chillips DJ, Patrizio C, Moyes A, et al. The sac-4 gene of
Neisseria gonorrhoeae and co-existing chlamydial infection. Sex
Transm Infect, 2000,76(5) :400-402.

(7% A 3 :2007-10-25)
(AmE TFHE)



