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X E

MEALZHE M HhEFREMEEAZA-B-C-F-G#HRYE
4 423K B4R double disks H i T M E MBI B = EART: 61%RH K
2% FEA;IT%RMA - AHEUHER T > ABKEA —#% > AlS>
BASE M ERENE (MIC>256 ug/ml) - #| 8 AlS ZH 8 (pAlS)iE4745M
A ERLWEBAETHLEZACRHERE > MBLTHEEB-CF
Fo G ZR483KH - B8 > pAlS > Rl efF B4t d ~ FIahfE » wiiE ~ Ak
ZHEM - £348 %k A-B-C-FRG#HKE T » i pAIS R AE B Wi
BBt R 40T 113 4 A B4k P 4 304 (26.5% ) 177 # B #4s
B PH 124 (67% ) 12 ¥ CRIKE A 5S4k (41.6% ) 11 # F 2E4e3k B
FH 24k (18.1% ) 35+ G 243K A ¥ & 1 4 (2.8% ) - ## PCR 34 7T 40 pAlS
P a2 ermB A BB F AILeh L B4 > ™ A - B 243K F B st bl oh
e F 55 % 57T B 6%t BIRERMEHER pALS 44 FRbeyFisctbe EH
PR BARMNEBE HindlIl K322 1093bp £ - b BEARBES
R E ABRIRGRBI 2o THRASZHAAKTFRCAMERDE
HBEMARAR - PRtz sh » A A Soodisatie £ A B ey PCR 4B 35304 R
W Z KK ALERERERNE > RERETERMUARTTIREAL
¥EAREFRGIMEMRS -

Bigese): &t ~ L8M - 483K B



A%
A total of 144 erythromycin-resistance strains of group A~B~C~F ~ G and
viridans Streptococci were characterized using the double disk method to classify of

three different phenotypes. Among these strains, 61% was constitutive, 2% inducible,
and 37% novel. One of the constitutive resistance strains, A-15 from group A

streptococcus, showed a high level erythromycin-resistance (MIC >256 pg/ml).
Novobiocin curing of plasmid isolated from A-15 showed that the gene of
erythromycin-resistance was in plasmid. In addition, azithromycin, tetracycline,
chloramphenicol, and clindamycin markers were also present in the plasmid.
Furthermore, the plasmid was successfully reintroduced into an erythromycin
sensitive strain and different serogroups of streptococci by the electroporation. The
same antimicrobial resistant profiles as plasmid pA1S5 were detected in 30 of 113
(26.5% ) of GAS, 12 of 177 (6.7% ) of GBS, 5 of 12 (41.6% ) of GCS, 2 of 11 (18.1% )

of GFS, 1 of 35 (2.8% ) of GGS. ErmB gene was amplified from plasmid pA15 which

is known as responsible for methylation mechanism. The prevalence of ermB gene in
group A and B streptococci were 57 and 6% , respectively. Moreover, the
erythromycin-resistance gene was located in 1093 bp Hindlll fragment of the plasmid
pAlS. However, there were not all detected the resistant gene in current screening

method. The results suggest that there has a novel mechanism involving in this area.

Key word: erythromycin, resistance, streptococci
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SRR —HEMRGHRE 5 R ARNR0E FEBEX X -
FREBSAAEERFEFER c ABSKE (LRMARA)ERI | tRE
R R R 0 BIEAEKEAMRR - ¥ F X (Otitis media) ~ /% (Erysipelas) ~ *8
X-FHehg X (Pharyngitis tonsillitis) o — bR A7 (Impetigo) ¥ » REFEZ &
5| A2 I8 4z 3 (Scarlet fever) & & ;& # (Rheumatic fever) - —fx 2 R L 3| EFmd
SRUBRABESGCKE  EHNAREBEBIERGRA > MIREALKEAH
REVEREY - ik (B 1) 5 4-ERPRAE T EXANERER
KEMHEAORE  TASIRERETANRLEFTTRREOEDZ — - 4R FEHH
RREZRLeRmiieg S0S BMHERES » LHEZ 23S 4 RNA (RNA) - @&
i 4% peptide a9 A 134 » MIPHEZ A TSR - —~RHLBFRACER
R4 FEA LAE B 8% b & # lincosamides & streptogramin type B
WA EBEAFHLEM » BPATIE 69 MLS (macrolide-lincosamide-streptogramin B) 47 #
M o MLS 8 1 6944 %] 3042 © 404 = 4§ © target site modification - inactivation #v
active efflux 2 = (I) Target site modification & MLS i ¥ M v HE R £ &84
238 rRNA & adenine &A% 4 N°-F F AR & » e E R 23SIRNA L4
HIRE S AR BB M E A o (1) Inactivation 77 B fm i & 4 X A& 8 & o AR IL
A% BmERAEFEEREMA o (1) Activeefflux Bl Rt B & B iTein L £ 3
HERS  FRERRAEFEN AN - WALATH R A B3R E MLS L §
M B - 3L target site modification 4] 6915 &k % © & i active efflux #$]d B3k
BR 2 2245 B LA E & RBIRA inactivation #H e - LFR 0 &
WERERORGEHNEDART  HARH A &N R FR T F
BWER  GENTARAFOREER OB EREHOLLE RBRI - AR
FREMMENLMERBHNG ABFSRARR > KHE S6% - LATARE
h12 o AR MLS A B M AR S A HHA o Bk HBRAR:

1. sbbE ATl E B b F 4k Bk SRt
2. BELSEREMEFHKARTFANEHA.
3. BRI BRATITEOERNBEMERL CR 4K A%

5



4 DATIAEE B LB A
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AL O ok
Bacterial strains

MEBRARERMAMEZBERAk 64 348% A-B-C-F-G
BRE K ESRIKE » AR A R1E A electroporation 3% £ A K47 HE (DHSa) s
EREHHKH -

Determination of minimum inhibitory concentration (MIC)
LMFRADWARBEA DR LR Etest) RAE > ATt fe
BOMMAREERRERMSEL P QAL - AR M ER N IPHREM LS
® & (0.5 McFarland 4% #)% #%# Mueller-Hinton (MH) 2% % (4 5% 4%
fn) o B b 4R F ey E-test L BN 37C A 18he M kM EZ NI ABEMA
HEIRA 32 64 B 128 pg/ml 9 R E A KRB R 2 - RMFAR DB REME
BRE 4R 32 ug/ml g3 AR RAR 2 - mBMERPMTABREAS SRR
3.75~7.5~15~30~40~50 & 60 pg/ml ¢y R F3s kA RA R Z -

Classification of resistance’>

A EREMTHOME G E 78 pg) 2L EME (RHE 25
pg) Z double-disk test R 4538 - #% 37°C F32 4 18h Z @& ¥ £ 0.5 McFarland #&
FoENE S ¥z MH3sERRA L > HfER4ZMIES 15-20mm > E# 35
CTix% 18-42h -

Isolation of plasmid DNA
[ 1] Isolation of streptococci plasmid DNA?!- ©

Btk & 4 30 ml TSBY (Tryptic soy broth » Yeast extract) ¥ 37Cit %
¥R - Bk BAP E check » B 1k KUBOTA & if & # 3,500 rpm & 10
4% o B3 LB BR 0 UM BA 1 ml 25% sucrose #&iEZ o 43 oA 100 ul
lysozyme (20 mg/ml) A& 20 pl mutanolysin (50 pg/ml) » ;&4-34 4 1% # 37°Cshaker
YR 1he HhoA 800 pul 10% SDS (45 &R B % m 4% SDS) » ssiziR A% BN
4°C P B 23K o #R1& so 1.5 ml solution III ( 5M Potassium acetate * Glacial acetic
acid) » E# KL 10 4% o 2 Beckman #8 %% & -0 # £ 4°CF 12,000 rpm oo



20 4815 3 &4 SDS/NaCl 724 7L# ° L& & e A RNase 100 pg/ml > % 37°CF
16 M 30 5-4% - 4% 3 1L 0.6 4 isopropanol ;241 ## & 1-2h R 5% DNA » 4 4°C
T 22 12,000 rpm . 30 4048 - 2 70 % BAE 1 ml iRk 0 48 12,000 rpm ~ 4°C 8

& 20 4E o fE A4 A DNA # 1x TE 300 pl «

[2] Isolation of Staphylcoccus aureus plasmid DNA32

H#h&4 15mlLB (Yeast Extract » NaCl » Tryptone) ¥ 37°C 4 %
B HRIA3,500rpm B 10 48 - )42 LR Bk > R 1ml & B ARBEEKE
1.5 ml eppendorf ¥ ° # A microcentrifuge &« 12,000 rpm 1 4-4% - 5Tk 4% 24 100 pl
50 mM Tris HCI-10 mM EDTA (pH 8.0) # ;%4 Ao 50 pl Iytic enzyme mixture
(lysozyme 50 mg/ml » mutanolysin 200 U/ml » lysostaphin 0.3 mg/ml) » 37°C F# %
Y8R 2 he #R4% Ao A 200 pl 50 mM Tris HCI-10 mM EDTA (pH 8.0) & 300 ul 0.2 N
NaOH-1% SDS » LBy E FEA#EIRA > ENEB/ER 10 248  AuA 300 pl3 M
potassium acetate 3 Bp & F AA45)32 4- 14 7K EAER 15 548 - &5 12,000 rpm 15
o884 B b F & 0 4 %] & 650 pl phenol/chloroform (1:1 » vol/vol) & chloroform
3B o b % LA isopropanol itk DNA » 8. 12,000 rpm 15 448 © XA 70% 5
# 500 pl 3% 48 12,000 rpm #s - A R4 AR DNA N 30l B H AP

[ 3] Isolation of E. coli plasmid DNA33
#% Ish-Horowicz #v Burke 2 FH/iwg fofsel - IR S ml R R A2 B R B
WESE T 0 B 12,000 rpm 30 £ 0 48] E & 0 Ao solution I ( 25 mM Tris-
HCl pH 8.0 » 10 mM EDTA pH 8.0 50 mM glucose ) 100 ul » REZ R E L > &
Ao solution IT ( 0.2 N NaOH » 1% SDS ) 200 pl » L+ F BE4F| 388238 51 > H oA
solution Il 150 pl » ETF AR 4 » EWMAK LS 548 - 3.0 12,000 rpm 5 48R
REFREANGBESE T > KLU E M phenol:chloroform (1:1) X% E— %
(12,000 rpm 5 548 ) > B LB o A4S B84k 95% SE#% t#k DNA » B 70% 5
A ki® 0 EEIIE 0 M4 A RNase A (20 ug/ml) # TE buffer -
Restriction endonuclease digestion
# 2% DNA ~ + 52 — 8% &) buffer & lunit &8 % # eppendorf ;8
& ABEBE TR 1-2h e Hind T4 A% 37°CKis 1-1.5h -
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Curing experiments’
Btk Al5S £ 4 Sml TSBY +» X E) TSBY W43 4K 0:0.12-0.24 ~

0.48 ~ 0.96 & 1.92 pg/ml & novobiocin # 37°C T2 4% 18 h o & X 4§ 500 ul &4 &
RAFERTH 5 ml TSBY 3 4%3% » 324 ¥ 774 R Fl B K &9 novobiocin » # 37°C
T3& 18h - dopbif 4 = Rk - 214 ¥4 0.24 pg/ml novobiocin & & &9 &
& 100 pl > A & B AKMHFEZE 5000 4% o 3R 700 pl E# 4 30 pg/ml 4xfic £ 49 Todd-
Hewitt (TH) 32% %4 (4 1.6% agar) & blood agar plate (K 4~ 4rf¥ %) L 858 >
EEHITCTFRAEZ -

Agarose gel electrophoresis
# agarose #y K Fv 0.5X TBE buffer ( Tris Base » Boric Acid » Na, EDTA -

2H,0) 4% » IR F K1E 2582 - #% agarose gel BB H K > 22 &
ABmy ®AER 1% 89 gel o M4k b4 BIEAL LA F » 2L 0.5X TBE buffer &
% gel 3t £ 80 voltage T 324 he ji§ gel L 24+ 42— ethidium-bromide (10 mg/ml)
HEBAKY R e X UV BB E K 2 -Marker 4 A MHind 111 (50 ng/pl)

o

Electroporation

[ 1] Electroporation of streptococci’- 7- ®

BLALS B9 H A8 (PALS) S RIEANToEAKEFRESLE (1) &%
BAF ey ABE433K 1 No.20 ; Q) A 483k 8 No.15 & & novobiocin curing £
WERR[EZ A AL48] Q) SR HMAF AN BAMKA NS (4) AEMAFAY
C 2423k No.7» - BidkA AL SmITSBY 0 37°Cie 4% » B % %k 400 pl
FEHMH20ml TSBY ;A 37C32% 3h- 2 X ZHREEN 560 nm Fé&y O.D.4&
2 0.25(# 4 x 10°cfwml) - B 54 % ik B A4 3,500 rpm~4°C F R 15 4048 -
F3e LB ARBEZ TS A AKREIEAE - Bk B 1 mlkey 0.5 M sucrose #7%
Z % % eppendorf ¥ <4°C F 12,000 rpm %3 2 448 0 45]38 E kg AL 1 ml K
& 0.5 M sucrose JZ k@R ° oA 100 ul k&g 0.5 M sucrose 543 4 BN KL -
#% 40 pl 7 & BAo 4 pl B 2 DNA (pAl5) R4 #% £k 89 1 mm Gene Pulser cuvette
M - & A ELECTROCELL MANIPULATOR ECM® 600 Z# 1k electroporation °



A 136KV ) ERE 3-6ms - #FE R WA 1 ml TSBY & A 37°Cshaker ¥ 3
% 2h e 24T 500 pl Bk EHN A4 MOE 30 ng/ml 89 TH 3 %4 » 36 B2 37
CHEARMBIEZ

[2] Electroporation of E. coli &

DHSod 487> 15ml LB + » 37°C F3:2 4% £ # & E E» 600 nm & O.D.
5% 0.5-1.0 (#) 10%cell/ml B &) » 4°CF 4,000 rpm & 15 5548 » 45)35 1 & &
IR 2 BRE A K 3R AE < A5k An % 0.5 42 8ok & B KM 5% 2 > #8.8 4,000 rppm
ACTFIS 48 e BBER—R - HBRBFN 002 KB EAY » 8.0 4,000
rpm 4°CF 15 588 o K& Ao 0.002-0.003 4k & K PR Y 4 40 ul #
# W0 4 pl K 28 DNA (pAl5) 324 > # £k % 2 mm Gene Pulser cuvette i ° 4%
Al ELECTROCELL MANIPULATOR ECM® 600 % 4% electroporation » # 34 1.25
kV a9 R4 5-6 ms o 485 & M Ao A 960 ul SOC (2.5 mM KCl, 10 mM MgCl, 10
mM MgSO, -7H,0 , 20 mM glucose , LB) # A 37°Cshaker ¥ 3% 1 h (3% i& R &7
225 rpm) ° 242 B 100 pl BREH NS M E 30 pg/ml ¢4 LB 324 £ > 3t E# 37
CAkRGEZ -

Polymerase Chain Reaction>©

A A1S K 2 DNA 4 28 8% » soA 10 pmol/ pl 3] F ~ 2.5 mM dNTP -
10X Taq buffer 1 unit Taq polymerase (Perkin-Elmer Corporration , Norwalk , CT)
YER? 94CL 248 ,37C1 oé8 ,72°C2 24k > 4 1B4E3E » #K7% 94°C1 548 , 60
Cl %48 ,72°C2 548 » 35184538 » HILR454£ 4T -

Southern blotting hybridization
[1) Féteh E 6
4k 3% Taylor & random oligonucleotides primers & & 32 & #53F 4} » {24%
1 5 BRRU4K B2 Amersham #3545 F M .47 - B LB 4k4% T 69 DNA (pAl5 & erm B
51 FH A2 PCR £4)) ##ZE 25 ng/ml #49:8 B » B 10 pl &5 DNA E# 95-100
CHEM 10 248 18 H 41 - B4R A Ao 10 pl Labeling buffer (0.25 M Tris-HCI , pH
8.1;10mM DTT, 25 mM MgCl,, 0.2 MKCl) » 5 ul 31 F (20 ng/ml) > 5 pl o-*P
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dCTP (3000 Ci/mmol ; 50 nCi) & 2 ul klenow fragment (5 units) » i E# 37C K
1Btk 2E7 20CHA -

[2] Southern blotting and hybridization
2-1. & Ep
st 25 B% & 4% PosiBlot Pressure Blotter & Pressure Control Station
(Stratagene) PRt Z S BRREAT - MEBEAXZHEEBRTENEBET - BIA
0.25 N HCI /% 30 4-4% » 1# DNA #&) purine base %% (depurination) » i {# DNA
AAtO-BHES— 2 FiZ# 0.5NNaOH/1.5 M NaCl ;&4-i& 45 448 3 DNA
AR o8k B 14 #54 0.1 M Tris pH 7.5/1.5 M NaCl ;&4 & 45 448 24 % Fo NaOH
% 9N F — 3R #2888 F) X 2 nylon membrane (Amersham)& Whatman 3 MM &
& 0 Z¥ 10X SSC (NaCl, Sodium Citrate , dd H,O , pH 7.0) % & 15 5-4% - HiH5 B
A2 € & membrane R B R RIFETF MM EBASEITHBAY A1 1o
DNA g B ## # £ membrane t - 5 24 Spectrolinker XL-1000 UV crosslinker
(Spectronics Corporation) #47 cross linking » #§ DNA E] £ 4£ membrane }+ # 47
BXEA -

2-2. AT X4 A (Prehybridization)
& S4B B 20 ml &) prehybridization buffer (5X Denhart’s solution » 5X
SSPE » 0.1% SDS » 200 pg/ml herring sperm DNA) » &% Bl & 4F &) membrane ~
prehybridization solution #& A hybrid tube #> 68°C i# 4T prehybridization #) 2 /] &F o

2-3. # %1k A (Hybridization )

A B B XA IR ST E AN 95-100°C10 448 » R oA 5 ul DNA 4%
hybrid tube i# 47 hybridization R f& (68°C ,6-12 /) \85) - X T84 » KRR AR
FlRE 893 % % © @ 50 ml #) solution I (2X SSC » 0.05% SDS) #+ % & s i#k 2-
3k Bk 15 948 - © 50 ml & solution IT (0.1X SSC » 0.1% SDS) # 50°C ik
30 4% - 2 1% - % membrane B Y 0 E X SRRy 0 MIRMEREE 0 ENS
intensifying screen &9 & B & ¥ » A X-ray film # -70°C & % 2% -
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R
I. Curing experiments
AR ABSKEMLS BB ARSHANER - A TR AMBK%
AR FEI B R A/ 8 > sAdp#]4% 8 4 A &9 novobiocin 2k curing H 2% -
RERFATH M ALS > HaaMEFR NP E B EMAARN 256 ng/ml - & &
novobiocin curing H 81& 9 A4k Al48 » R E R D IWHA B E/E A 0.032
peg/ml - BAART A, > 4 novobiocin curing RIZH# » B Atk HamF AILE
(D IR A > 256 ng/ml) MBSkt (o R =0.032
pg/ml) - Bt ddk AlS YW AR BEARARAMN TR E -

II. Plasmid isolation and electroporetic transfer of a streptococcal erythromycin

resistance plasmid

Bt F LB A By 88 pAlS A electrotransformation #5 &, 23
AT R 433K A148 - A20-B83~C7Tw# ¥ (k1) &4 30 ug/ml 4ot %
M TH3 R A RGEZ - FER AWM AR BB HEZ B AI48E2 -
A20E7 ~ B83E2 ~ C7E4 - # % i #b electroporation £ & B #& T A4 4ot & (30
pg/ml) w9384 K o Lo E L Bdkdh B H 8 5 %) X Hind 11 2 #2144 R
HHBE—LE -  SRERAVER By (B2) - BB E S EHREK
4589 pAlS T HE4& i transformation 89 F X M 2 A Bk B R R C sk
RE > 4o B R C B4R H -

HERMTREURELORRARERFT ) BA SR MBI EH
P o DAL R R BIRBLE > 128 pg/mlo 4 113 #h A B3k B + A 31 % (274
%) 177 #k B ##4&3RE T % 30 #k (16.9% ) 12 4%k C 4¢3k &+ 4 2 4 (16.6
%) 11 AR F 2483k P4 34k (2739% ) 35 CHKETH 1 4% (2.8% )~
BEAZERCBMEOMKARTCRAAER  nFE—FHR - £6%
BRNAEFBRGERAR AR TSP AABARE > B rEE 30§ 4 H# pAlS
WA BN (RoF P Arit) # & electroporation 2 # X, iE A ¥ 4% & 483K & ~
ERERERABRMRERE > REFHRIBMZL E coli (DHS0) F - BB X
BB EARETHABBEN - WX AHR A H M T AR R ERZASE
ARk A EBZHIETRIBH T RYERFANRMEANZ pALS © A7

12



BT RFEANNHEERE > M RFENGE B Z A5 2GE(E 3) -

III. Drug resistance

BTRTHRPAISREEARLCENNIERRE » B MAABERS
BEARAAARDINEREML > £B 18- 2h ey X B BRRFRAIS LB
novobiocin curing H R4 Héa M E - FIL A M EREMEN R IR RERAAFT
B JREPSLE AR i - ML AR ERARMEGRBAR (£2) - @ d
A20 #o A20E7 (9 ik R B » $APALS 4 > mBREASNR I WHAREMAHERR
Bk A20 &Y/ 3.25 pg/ml 327 4 40 pg/ml » B LTA % pAlS LR EE wiE
MAGHBERAR - L AIS R A48 Btk T » curing B #1469 Al48 SR R &Y
AlS 2B MrRREEMERS > WERETEA TRAE AIS e &8 L E) B
BEAWBMEORBARGLE LB B8~ CT FT4E# AlS AR SER > R
BrEERAFEREMBEAORMEORERR - KAOULERHE - THESB
ERR A% pALS BE ok ~ ML A ME - AR FRwBREARELR -
AARFIFENRT BpAS IR A A A ORI Gt E T 113 AR
S8R T A 308k (26.5% ) 177 4k BBF4dsR B A 124k (6.7% ) 124 C##
$EIKE P A SHk (41.6% )5 11 4k FRf48sk A ¥ & 24k (18.1% ) 35 #k G Bpédsk
Bd A 14k (2.8% ) HuiA2 #4544k 1998 4 NCCLS #9488 s %> 1 pg/ml ;
T3 B E>2 pg/ml; S E>16 pg/ml; wB#E>8 ug/ml RAEBEEHLEMN -

IV. Classification of resistance

HMEREBEMT UL =48 ¢ FH %A (Inducible Resistance * IR) ~ #
#% %! (Constitutive Resistance * CR) & # % (Novel Resistance * NR) - IR £
WELMEFEGFELT » 22 ERE LS E R RILE M I 4 double disks
Fez AEMA B IR "D, A 43R o CR R B WM& Fo %) 2 M F 4R
FHEM  2AEMFEREIR R aMEOFLEMA "Dy Bipd Rt R - NR
B HEMEARBMY  EHHSERFHERMN - LTBRATER S ALS B
CR P E RN L ERFMEAREN - ARAMNTRELEZI B LME
WEN (RN RIREZ ] pg/ml]) A BSERARRILT LB 5 R & 3 -
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V. Restriction enzyme analysis

Strain A15 &9 B 8 (pAlS) &M% &4 Hind 11 45-A24% » TH# 0.8% (& 1
%)gel LEZISEAAK ol 2) £ hBEKRD%H A 8190 ~3417 ~2153 ~1860
& 1093bp - Bk > pA1S 89 H R K/ N?THEA 16.7kb ©

VI. Physical mapping* ©

# M doubledigest Z F X » KE BB FREFZETAALZRERRE S
sSbH A (PALS) X restricionmap » 3K T $ M E ML H Hn £ F T LM
RERZTHBRERM  BHHARLEEALRELZHERN > BEELZERORER
FEMTREBMN»MIEZ R K - Bk mapping %45 ¥ 138 Az bbb iktk
BiE—HR -

VII. Polymerase Chain Reaction

BHTHEBPAL LM ERBRIR T AATHRMKBMEZ
HMERELR (erm) 48F) 0 R AIS W HZ HR AR + #] A Joyce etal A&
k& ermB 3 53]F (k5 #4TPCRRME > & RHRAIS REL T2 -
BAFEHREAHMEE ermBARZ B (B 4) - BibiFio AlS 2o @E B
MEISF B erm B A - dbob 0 423K B B AT OB A F AL A& active efflux 2 i1 &
Wi 2L A TREA A CHRERSY - AET AR UHHA-BRCH#
SIRE X Btk » Lherm B R mef (active efflux M #lpF B2 AR F35)) 3] F -
BPCRERXRBEZLAKRT AR BGBAIENLE (£4) BT FHIER active
efflux 25t » RAERBRERBEE > RARABTLARZ LM ERBERLEFRES
B BEHRAEK A A R e ERBZTRM -

VIII. Southern blotting hybridization

HBpAIS AT AL B RtBEdhd 2 AMmE— 5%
g R M AR ERRMN G BFATR - 88 pAIS 9 E R Hindll R3B#% 3T
o BARMAEF R P RITRSRRIAER » S pAlS & F A/K BH K
Bz EMBIFES KRBT AIS AF AL ERXA RN E 5 1093 bp A H(L&
Hind Il REBH) - B TRITHAABEFHL—RFBET HERBERE—FF
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UM BEARZRS BERRBRIPFLBEE LM EL B ARz EME R -

IX. Conclusion

— MM EREAR (erm)TH % B A% (Table. 6 2) » T tm iy 4o
Table. 7 - HNE WA T E erm £ B » Bp 4| % 5 % target site modification &5
Tt fE erm A B £ 4 69 R conserved regions % 3] F4& polymerase chain
reaction PCR)A 9 & RRAH 11 - FAHRLH L > FHEIAR) RFHA(CR)
Bk TH e PCR GG XARE erm AR > SpREFFANFENR) Btk 2 - &
WA A F RIF R A Bk A target site modification & ##§ > #7 2 B #k 2] & JF target
site modification &) R4 EMBATIES 7 - R REA W ALS > B A A
BAUFRME > B~ 5 A PCRRGH BARRN ST HELZLB N erm B > ok
& target site modification ##] - BB » 4 dk £ 2 B4k ey PCR & RN 430, » Kl
WA RIS R mef KB » B active efflux # 4] - Y ML RIREYREE
WRRZ EMY TR REMGER  EREG Y BRABRHLER  &T—F
BEREARZ A7) AL AKGEOEARE - R OERYERA DRI
BAE4 (Table. 8)R A » B ARE R4 pAlS ARAERHRAEE wBEKERLA
MEREARBA RGO T RMEER BLEF TR —BEFEHHEH
T 24 K restriction maps R 3 B 5 5|84 F RN E o Rk S 0 RIISHH =4
MBI B =483 T ey PCRER KA » R1EH 4oty target site
modification (erm B 2 B) 2, active efflux (mef (B4 » BT HBRAEB N T
MBE  BATRAKESA L CRERMNGE Ol LCB ¥ ATAER
Ho4E3K B 89 inactivation B ] 0 B BLTH B4R A SR F R R LT a0y Bk
BARRKB—RROGERT G - AT ERRATREMRFMRGHEKEYE
B (pA1S) #“E R KM E coli (3o DH50) ¥ » KB4k BiEAG TR
BALTHEE  RARNG T ML koo AR H S pALS AR ; FTRE
A pALS E E M4 A AR NR Bk > BE pALS 9 AAEFH| NR Hikeyzl
LEMFEMBREE RN AN BLERRFERAFHY - E B F erm &
B &) H 2 AE A 5 3 B A A5 EAE 49 replicons » RN A BB B LAY
Ao il - EETHAMEA B Z MO TRLBRFBR - Ao ER L3k
HERA S AN MR BRI HFE -
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BHREHE

MEEBLZHHE M KEFREMEEANZA-BC-F-GHRYE
& &.483K B4R double disks Hik TR M ERB S A HEARL: 61%RFH S
B 2%RFEA, 3T%RME - AHFAG AR T ABSKESF % AlS
BESEaMEFENE MIC>256 ug/ml) - #| A AlS ZE 5 (pAlS)iEsT4HMH
S BRI RAETREZACEHEKE AL TE#XLEB-CF
Fo G BH4RIRE - R > pAlS > BloFRafied ~ FIL FME ~ WMk - fE
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B 1 Structure of erythromycin.
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Bl 2 Agarose gel electrophoresis of plasmids isolated from streptococci strains and
erythromycin resistance plasmids digest with Hind II1. Lanes A-K : A: maker A/Hind
III; B: pA1S from GAS No.15:; C: pAlS digest with Hind 111; D: pA148E2 from strain
Al48E2 E: pA148E2 digest with Hind III;F: pA20E7 from strain A20E7; G:
PA20E7 digest with Hind I : H: pB83E2 from strain B§3E2 ; I: pB83E2 digest with
Hind 111 ; J: pC7E4 from strain C7E4 ; k: pC7E4 digest with Hind I11.

22



B 3 Agarose gel electrophoresis of plasmids isolated from DH5a and erythromycin

resistance plasmids digest with Hind I11. Lanes 1-9: plasmid isolate from different
electroporation colony and digest with Hind III ; M: maker A/Hind 111 ;
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B 4 Agarose gel (2%) electrophoresis of PCR products with erm B primer. Lane M :
100 bp marker ; P15: template DNA is A15 plasmid ; C15: template DNA is A15

chromosome.
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# 1 Bacteria strains.

properties

Erythromycin
strain MIC (pg/ml)
AlS >256
A20 0.047
A20E7
Al48 0.032
A148E2
B83 0.023
B83E2
C7 0.125
C7EA4
DH5a

Staphylcoccus aureus <30

Viridans <30

streptococcus

group A streptococci No.15
group A streptococci No.20

4 ALS ey HBEAN A20 ¥
A15 #& novobiocin curing & #%
4§ ALS ) ABEAN AL48 ¥
group B streptococci No.83

# ALS 89 H B8 % A B83 F
group C streptococci No.7

W AIS Y ERBHENCT F

79 & 5 2% 9 competent cell

*

* %k

* chloramphenicol MIC & /s # 25 pg/ml » tetracycline MIC {& X#* 15 pg/ml
** chloramphenicol MIC 4& /[»# 25 pg/ml » tetracycline MIC & /[»#* 15 pg/ml
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# 2. MICs of several antibiotics for erythromycin resistance and susceptible

streptococci strains.

strain MIC (pg/ml) of antimicrobial agents

Erythromycin  Azithromycin Tetracycline  Chloramphenicol

AlS >256 >128 60 32
Al48 0.032 32 60 4
Al48E2 >256 >128 60 32
A20 0.047 32 3.25 4
A20E7 >256 >128 60 32
B83 0.023 32 40 4
B83E2 >256 >128 40 32
C7 0.125 32 >60 4
C7E4 >125 >128 >60 32

X —
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% 3 Erythromycin-resistance phenotypes for 57 erythromycin resistance S. pyogenes
isolates.

L .

Number ( % ) of phenotype

NR IR CR Total
16 (28% ) 1(2% ) 40 (70% ) 57 (100% )
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% 4 Distribution of erm B and mef genes among streptococci.

group of number of strain number ( % ) of positive by PCR
streptococci erm B mef
GAS 56 32(57% ) 17 (30% )
GBS* 54 3(6% ) 2(4% )
GCS 10 0 5(50% )

* 1 GBS No.30 both erm B& mef genes positive.
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# 5 Detection of erythromycin-resistance determinants by PCR.

Primer sequences size
erm B 5' GAAAAGGTACTCAACCAAATA 3' 639 bp
5' AGTAACGGTACTTAAATTGTTTAC 3'
msrA/msrB 5' GCAAATGGTGTAGGTAAGACAACT 3' 399 bp

( mef) 5' ATCATGTGATGTAAACAAAAT 3'

e ]
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# 6 Classes of erm genes.

Gene Bacterial species Localization
erm A Staphylococcus aureus Tn554

erm AM Streptococcus sanguis pAM77

erm C Staphylococcus aureus pE194

erm D Bacillus licheniformis Chromosome
ermE Streptomyces erythreus Chromosome
erm A’ Arthrobacter sp. Chromosome
ermF Bacteroides fragilis pBF4

erm G Bacillus sphaericus Chromosome
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% 7 Distribution of erm genes in clinically important bacterial species.

Gene Bacterial species Reference
erm A Staphylococcus aureus 10
Coagulase-negative staphylococci 9
erm AM Streptococcus sanguis 10
Streptococcus pyogenes 9
Streptococcus agalactiae 9
Streptococcus pneumoniae 9
erm B Staphylococcus aureus 10
Bacillus subtilis 9
Lactobacillus spp. 9
erm BC E. coli 10
Lactobacillus reuteri 9
erm B-like  Streptococcus faecalis 9
erm C Staphylococcus aureus 9
Coagulase-negative staphylococci 9
E. coli (BM694) 11
erm CD Corynebacterium diphtheriae 9
ermD Bacillus licheniformis 9
ermE Streptococcus erythraeus 9
Saccharopolyspora erythraea 12
ermF Bacteroides fragilis 9
Bacteroides ovatus 9
erm FS Bacteroides fragilis 9
erm FU Bacteroides fragilis 9
erm G Bacillus sphaericus 9
Bacillus subtilis (BD1146) 11
erm GT Lactobacillus reuteri 9
erm IM Bacillus subtilis 9
erm] Bacillus anthracis 9
erm K Bacillus licheniformis 9
erm M Staphylococcus epidermidis 9
— —————————————————————————
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g &7

Gene

Bacterial species

Reference

erm Q
erm R
(erm A’ » erm AR)
erm SF
ermP

ermZ

Clostridium perfringens
Arthrobacter luteus
Arthrobacter sp.

Streptomyces fradiae
Clostridium perfringens

Clostridium difficile
Enterococcus Faecalis

I©©©@©©©
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% 8 Plasmids and their drug resistance.

Plasmid size Drug resistance Bacterial species Reference
25.5Kb (17 MD)  erythromycin Streptococcus pyogenes 1
17 MD MLS Streptococcus pyogenes (pAC-1) 5
4.5MD MLS Streptococcus sanguis (pAMT77) 5
6 Kb erythromycin Lactococcus lactis (pIL252) 7
26.5 Kb (erp A) erythromycin Staphylococcus epidermidis 2
3.7Kb (29 MD) erythromycin Staphylococcus aureus 12
24Kb~25Kb
33Kb~42Kb erythromycin Staphylococcus aureus 15
(erm C)
20 MD MLS GAS (pEL1) 16
15 MD lincomycin GAS (pSM10419) 16
5.0MD erythromycin Streptococcus sanguis 17
9.0MD ~ 9.5MD
» 9.8 MD tetracycline Streptococcus sanguis 17
2.3 Kb (erm M) MLS Staphylococcus epidermidis 9
41 Kb MLS Bacteroides fragilis 9
82 Kb MLS Bacteroides ovatus 9
15 Kb MLS Bacteroides fragilis 14
18.7 Kb erythromycin E. coli (BM2573) 18
31.5 Kb (msr A) MS Staphylococcus epidermidis 19
9.8 Kb MLS Lactobacillus reuteri 20
8 Kb erythromycin S. citri M4+ 21
12.3 Kb erythromycin S. citri M4 Er-1 21
25 Kb erythromycin Enterococcus Faecalis 23
gentamycin
46 Kb MLS Pediococcus acidilactici 25
34 Kb (erm AM) erythromycin Enterococcus Faecalis (pIP819) 25
vancomycin
teicomycin
25.5 Kb (erm AM) MLS Enterococcus Faecalis (pAMB1) 25
41 Kb erythromycin Bacteroides fragilis (Tn4351) 26
clindamycin
9.6 MD (erm CD) erythromycin Corynebacterium diphtheriae 27

5
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Plasmid size Drug resistance Bacterial species

Reference

clindamycin
S0 Kb erythromycin Corynebacterium rerosis 28
kanamycin (M828)
tetracycline
chloramphenicol
30 Kb (erm B) erythromycin Enterococcus Faecalis 24
chloramphenicol
fusidiccacid
rifampin
6 Kb~ 150 Kb  erythromycin E. coli (BM2570) 18
chloramphenicol
tetracycline
ampicillin
streptomycin
sulfonamide
trimenthoprim
61 Kb ampicillin E. coli (BM2195) 22
erythromycin
tetracycline
chloramphenicol
streptomycin
gentamycin

sulfonamide
trimenthoprim

o m— e ]
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