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RGEYIIREN =FREF-_SBREHGIHOTIR
# E K

(PR XE4EME, GFE 050016)

b FE Ay B B S T FE ISR T T = B R F - E & 0E (TMP) M MEBIR, ERE
0, 50 BRELEGRYTT RN TMP MR 2R Y 76%, Kb 7 BhEX TMP BAMZ. 7 B
EhE 4 A A FRGFEE, TMP 25T R FERS, W H 8% i SDS afid
BRI R FR . R TMP 2B I B — % BT 8 (DHFR) & SR FRE
B, BGREWITRE TMP RZ50H%: THEREY TMP W2 RS TRAKEHE DHFR
SRAEFR, TMP MERM L RR SN SREERGT R ANAED7E( Ts B
TMP ) DHFR f1 R iR @B E T 5B —MER e TMP i) DHFR, EHEAMTHE. 1
MR R RS MR RSN ERE R A BRI G HERY TR KE.

XWiE  EGREIIEE SEER R MR

BASEY TR E (Salmonella typhimurium) LA R & M vb [T IR ARERE HEER
HERE, 494 23—78%01 | SR AR R BRERIT, EENSIAHREHBR, M
4k KRR e, % 2B EWZ >V, B A =B EF Z SR (trimethoprim
TMP) {37 R e R, U8 TRENITR. TMP e R Fe il h A HERE R
8§ (dihydrofolate reductase DHFR) Ry &k, S#EZ& M Al A A B AR, 5
HERGHEYITHEAE.

W% TMP gy S A, ERAEGHNES, BaREakf DEQHAE, (ERGE: 3
WX TMP MR 253 % 35—88% 1 60% L b [+°1 . JRT, X$FMZHLH1HI5F 52
EN N ERE, FTRENSHER S TMP REGM#EA. EAEXITEEMR T R
g5, WHIAVHERN TMP B2 FERREDFAAFE: 1 REAMGH DHFR bug” Ol
4. 2 AT R6ESBAT TMP 8 DHFR; 3. P24 T d BN E%E TREN T TMP
4 DHFR , MR, FRMKKIEHEY TMP ORENFEARER ., #RMRRGE
5. A CIRE B ED TR EM TMP RZGHE LR AR 6T RER.

OB & o &

(—) EHERIRER
BRI TS (Salmonella typhmurium) 50 Bk 7 B WL B b2 58 — RBR R IR Y &,
HEERAEEEE. :

& F 1992 4F 3 A 26 HUH.
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KB 8 (Escherichia coli) A MIlGIKSH &, *f TMP /&, M@&BEWY. KEiFE
K12 J6-2 & Fibr R483, ZF R %% DHFR Ia B8, L FF X TE R RSN E
ZREf Y & Mair Powll L4,

(Z) 1k

1. HinkssHE (NB)(%): K& 1.0, EEHK 1.0, NaCl 0.5, pH 7.2—7.6 , B HBE
(NA): NB 100ml, 2% 3§,

2. DST 254t % Oxoid 435|724

(Z) BhOHRERNT ‘

KHEBIE B U flE TMP | B, WKXE, SBE. A8E. KB
i 50 PRBLOHR I IT KB B R /MM EIREE (MIC) . TMP 24 Sigma A7 %4, HAHAWH
Hi=fh . 57 NB §137 CH 3% 5 /MITH I Z 100 1EHE, ML SBERESEREMT
& LRFIRZTYE DST TR L. EHEAYAEERFENY 0.25—265ug/ml . 37 CIE
# 18 /hitf, s MIC .

(00) K DNA fy#m

TR DNA MRS 2 2% 308k [8) MR,

(&) B*%

B SCHR [9] 897736 1 & 0.8% BEABHENY TBE(89mmol/L, Tris HCI, 8.9mmol/L #HES,
2.5 mmol/L EDTA, pH8.0) WEERK ik, K TAREKEFHEE, BERLZE (0.58g/ml)
e fh 40 Speh, EIMT T HAM.

(75 RALHBR

&% SDS(+ “H EWM ) MR HEs (Y . B TMP 48 A4H4RE. 43 B A 0.1ml
A NB 37 CIREEFHR 12 MIYFEE S HH. BfF 10ml & 8% f1 10%SDS 4 NB o,
37 CHRGITT, WM 24 DB, ZEURESRAT DST BHEEFRLE, 37 CEH
24 /hef, FRENLS A EERTF & TMP25ug/ml # DST TR . fE5HFR - BEE
WEE MR, R BN

(£) ANEBLR (AEE4XR)

WaEA RS R GELIREEVHAE, EI% TMP /%, mMyESEEER. 1+
AREEHAH E. coli A —HIEKS B BHGRYITEE -3, XFEETHEERZ,
X TMP U, SRR #0242 R NB h, 37 C3E3% 6 /N, HtEMmSik
HEEENT 10 mI NB H1, 37 CHREBHEDF 24 /M. BEMK 1079 f1 107° 5, 1 0.1ml
HEREB AT EH TMP(25ug/ml) FiEE B X (25ug/ml) F25HIEEE (DST) F45 -
WERHRE (25ug/ml) 8 DST F E, 37 CHF 24 /i, iIFLERNEE YES
T (MR H), FELMNER Y ZHRE. THEZTES FENSHEYR.

6 TH GREHk
# = BOTH RIWK)

oz x 100%
& BHEYK ¢

() ZEHBIE RS 4 A BB
F T de Groot A M FE ]
() EaRRENE
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FRAEDH2EARKEMEE

(+) WEHM R ESERE

#§ ' DHFR 75 /89 ® 551/ Osborn, M. J. RS XE R e (9, IR
B, BETEMY Iml, HHE 50umol/L KBERE K, pHT.S5, 10umol/L MHEL
B, 0.1pmol/L fi§ NADPH, 0.1umol/L B ~E & (NADPH f1— 2 8 Sigma NG|
) . KX EYRIRSE, T 30 CKBHM 3 48, MA S0ul BRI R, B
UV-265 44 F6 ¥ B it 340nm 4bMIE OD {&, FFiTst 15 4 #haRies &4k OD TR
fhse. DHFR fEEE N SN SERLESRTHME AR, A wmg RARR. & LE
WERUT, S04SR EEE FRE0.001 —NREE RN (u) .

fE8F7c TMP »f DHFR {EHEf MR 46 IR, RN S LRMAE. L2 TMP 55
BB ENENIES. ¥E TMP WBREMM S NADPH MIBHURG S, 30 CKE
BRI 3 4MeE, EMA MR, TMP R&KE Y 1072 —10"mmol/L , i
DHFR 50% £ /1% TMP mol/L ¥ EERR R 50% &I B, A TMP ID50 &R,

DHFR # 2 e HRBDWEENER L, B SRRENERS. 7 45 CKBEFHHR
10 4peh, REB KB PR, WA TEHERM NADPH, W8S /. BAEE, BN
DHFR 50% & hFfi e et (8 Fl 45 °C ID50 R

o ES

(—) M PHREHPE

MK ER 4T B 6 50 SRR G R TR B TMP ) MIC # 8ug/ml LI E#F 38 &, TMP
253 76% . H A 7 #E TMP & MIC 7E 32pg/ml LA b, 33X 7 BREHRGHFIT &
1,

F1 7T ERGESTRENRGHE

Table 1 Drug-resistance of seven strains of §. typhimurium

WA TKHE MIC {pg/ml}
S. typhimurium TMP SM Cm Tec Gm Sm
36 128 64 256 64 <0.12 <0.25
29 64 32 128 <1 <0.12 <0.25
a7 64 32 128 <1 <0.12 <0.25
8 64 32 128 <1 <0.12 <0.25
19 32 <1 <0.25 <0.25 <0.12 <0.25
44 32 <1 <0.25 <0.25 <0.12 <0.25
5 32 <1 <0.25 <0.25 <0.12 <0.25

t#: Sm: BB EMER Sulfamerazine.
Cm: ¥ ¥ %X Chloramphenicol.
Te: X Tetracycline,
Gm: EARE Gentamicin.
Sm: B ¥ Streptomycin.

#£1EREW, 7HMGEX TMP RN SERZ. 36, 20, THEHKET
ZERZEE. 19, 4. 5 HHOT TMP W7, Fif 7 KR K ABRKNESRAE.
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(=) BRI ERNEAER _
7 bk TMP W55 MR DNA kRS, NERTOEHRGEDITREESN
SHMER. WEE 29 . 47 M8 AR A/ MEGIBRL, BB TREE/. #vk 36 A%
R, HTRBER FE@HKI19, 4, 5 PREAFRRELE.
(Z) RNEBRR
%2 RGEIENZEARSARBABES DLW

Table 2 Freguency of conjugation of S. typhimurium and that of

S. typhimurium with the strain of E, coli

Wik BieH Box T L I EOR
Donor strain Recipient strain Frequency Recipient strain Frequency
BRI KR of “RiE S 01ER: of
5. typhimurium E. coli conjugation 5. typhimurium conjugation
36 A 2.2x10°° 3 5.4x10"%
29 A 4.0%x10~% 3 4.2x1071
47 A 2.5x1078 3 3.0x10~*
B A 2.3x10~% 3 1.Bx10~%
19 A 0 3 o
44 A 0 3 0
5 A 0 3 0

WE2TLLAN, B 19, 44, 5 FaEW TMP BRI SEE. EilhAs
Bkl SHEKGEERAWS. Hib 4 SREHTLLETES, 3 H TMP R&5#, B KR
FEMOESERN 107°, SFAEKRMESRN 107, BGEDTTRE TMP 25 fsER
WNIEERMPLRB AR FRANE. &3 pEEER. SEERANAZEKY TMP LRt
B

%3 BRHEHEN. ABFEORAIWEGHEE (MIC ug/ml)

Table 3 Drug-resistance of S. typhtmurium, E. coli and their

transconjugant strains -
[
Strains T™MP sSM Cm Te Sm
36 128 64 256 64 <0.25
kit Al 29 64 32 128 <1 <0.25
5. typhimurium 47 64 3z 128 <1 <0.25
8 64 az 128 <1 <0.25
KBt <0.12 <0.12 <0.12 <0.12 128
E. coli
A 36-A 128 64 256 64 128
The trans- 29-A 64 <0.12 <0,12 <0.12 128
conjugant 47-A 64 <0.12 <0.12 <0.12 128
strains 8-A 64 <0.12 <0.12 <0.12 128
RUEDIIREA 3 <0.12 <0.12 <0.12 <0.12 128
S. typhimurium
e EH B 36-3 128 64 256 64 128
The trans- 29-3 64 <0.12 <0,12 <0.12 128
conjugant 47-3 64 <0.12 <0.12 <0.12 128
strains 8-3 64 <0.12 <0.12 <0.12 128

R 3R, P TMP SUREZEE, Sk 6 HEE, #TERTIUKET &k
HE) TMP W54k, M HDHRS T Heiledn:., S8R, WREHR . X GEN
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FletssH, MT—-PESHERYGEN L, B2, 4T 8 SFEEES, ATEHMRER
T TMP #9257k, XS W e TMP W EE g T4 FR¥/ P mR . [ Ro T
BAMBN S Z RN A EFEET A,

(M) RAHEREE

£ SDS #hEIR, KM 4 HEHBN TMP m25s F4 TMP BUXEHER. mH 8%
K9 SDS, 48 /B HBR B R Y, WEHBEEIAWE, Bk 36 H4T% BHE 29, 47,
18 A RYE 31% . 35% H1 33% . 5 T HERBRHBRAE NP, B TMP R %
WAl RER 1 [F — R FUR HE8 . BPLIEH 10 HRACRLHER B4 3847 TMP & MIC Mgz, MIC
I ES T 0.125 pg/ml

(F) EHENX TMP RSN

¥ 7 Bk TMP W58 E 4—64 pg/ml 7 TMP Z5RE R g8 3. REME TMP
1 MIC (2 4) .

F 4 TMP EHERGESIEE TMP HEGENELE
Table 4 Changes u{ TMP resistance of S. typhimurium after incubation with TMP

Wk TMP IEHN TMP 1 MIC (ug/ml) TMP 2L TMP 8 MIC{pg/ml)
Strains MIC of TMP before MIC of TMP after
incubatjon with TMP incubation with TMP
s | s 28
29 64 64
47 64 64
8 64 64
14 32 128
44 32 128
5 32 128

M4 0. i TMP f9ES RS, 43BN EN TMP BA%RZER, MAS
ER AR 19 . 44, 5% TMP ) MIC f 32 pg/ml 4 E 128 pg/ml , HEAIR, TMP
MEEBGOBRGELITREN TMP RS ERBNRSER.

(77) — R T RRIE LR

M7 B TMP W2Z5H 5 Bk TMP /R RIGEDITRE R E coli K12 J6-2 rRIEH
DHFR #E§#, iz H DHFR i 5 (B 1) . 5 ¥ TMP SUE et DHFR [ h251% 06
0.59 . 0.62, 061 . 0.6u/mg B, RETHERKREAKSGEN DHFR 1§,

B RS, 7tk TMP 258 DEFR @5 R ES T 60k DHFR &8 . "Lk
AR=M: EEE 19 . 44 F1 5 i DHFR & F1 2 Yefa (R fy 9.7 % sk 29, 47 f1 8 & 26.38
ff: Btk 36 ) DHFR Z3:f{kpg 41.67 £, RHEREMNIE S . 5 Ia B DHFR & HHE,
Wi 20, 47 I8 MREIE HIRET, WE Bk 36 WM AR,

W EB TR, 2THHBEES TMP BS® LR ARk DHFR &5
REL, &8 36(E 14 36a) k% R MG, DHFR BE 0.73u/mg HH. S§aKE
DHFR % 1A, HPEZEH TMP ARG R EN. HTHE I EBTHEK IS M
TMP W25k, Ze3Ciik 36-3 BRI IR hn. & TMP iF 2008 19, 44 f5 8y
DHFR 371, HALESHBNT H 2 6.
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16 T sF L(B) I8 HRE R E
- L 1.TMP % DHFR g9 : £ 5 &%
g; = *uH, MEEE 7 . 19 & 44 ) DHFR50%
2% W% HH) TMP B &5 0 S £ 4 ity DHFR
” ]5.—
2 BRI, % 10” *mol/L, M MHITH 29 |
§E IOT 44 1 8 i) DHFR50% i 1y TMP ¥k E 5
= I 1a B ER], ¥ 10 *mol/L . MH
5r i 36DHFRS50% & HEEFT A TMP
.
IQMS[Q;?;—R?Q&T 336-3(;)}:;;536_3 2. #‘E%Eﬁ. Et‘lﬁ 5 E'Ijln.n % 45 ocit
BE, B# 19 . 44 # 58y DHFR % H#W
W1 RN A #l 50% B % y0F 6] &5 R f5 4k DHFR B8
13-R . 44-R . 5-R: TMP ¥#15 DHFR &)
36-a: HRLBTR SR FE 36 (9 DHTR 55/ M5, A 11 44, X DHFR B0, @i
I {k DHFR & /1. 90 . 47 #1 8 iy DHFR W Kias, OF

Fig. 1 Comparison of DHFR activities

19-R, 44-R, 5-R: DHFR activity after TMP 1— 1.5 43rRb EPImE) T —2 09885 h, Bk
incubation; 36-a: DHFR activity of strain No. 36 36 #J DHFR x_-hﬂgimﬁﬂ‘ 50% ﬁﬁ

after plasmid-curing; Chromosomal DHFR

activity. j]ﬁm%‘m{]ﬂﬂ‘ﬁ]aﬁ 0.7 &}@o

®s A ERR

Table 5 Characteristics of DHFR of 5. typhimurium and £, coli

Bt DHFR §& 71 {u/mg EH] TMP % ID50{mal/L) 45 T
Strains DHFR activity ID50 of TMP ID50{min)

R EH 3 0.6 3.0x10™ % 13
alss. 7 0.58 2.0x10-% 13

19 5.79 3.0x10”8 11

S. typhimurium 44 5.86 2.ax10~ 8 11

5 6.0 3.0%10~2 11

29 15.78 2.0x10°* 1.0

a7 15.81 2.0xi0”* 1.2

8 ) 15.89 2.4%10™4 1.5

38 25 3.0x102 0.7

E. coli K12 J6-2 18.6 3.4x10* 1.0

it i

HEEMMAY. BEEPITREN TFREZDHESEHLTADTTREFSR. X
168 B9 50 Bk MG R 53 B 1 LA B P TT IR B X TMP (iR 25384 76%, T LW 25t

AR PSR RE R RS R AR H RN EFES. A LREREY BY
I TREN TMP 25 BB o] LAE R AR a5 38, AAESTZHNEE, TMP WA+
ARME—FRE— R RERN. FAR8ELS DHFR HENGT AR R BaL,
XfEH TMP REGZEFAELWHBH 2, B RRGREDPTRER TMP w2 E
HEFHTEASEE L, AT ERGEEMAMMARE @M EHE 2 BT YR,
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REEWAGRB LA FENE, Fik, #55 R Fob o0 5L (45 51065 0 50 ENoW g )]
8% B9 SDS A LU HERRLERSY R HORL, EHIVERIKE YEURE, W EAE AR, |-
RFBR TOREBR R, AR T4 R RSB RIH5ER R R,

#14E Pentti Huovinen §#}i# ©, FIH AT H I, EL2KERT 9 fri R aids) DHFR,
ENESH ERF TRk %54 DHFR, $E LB ES TMP MG EEET YR, M
MREAR T 5 TMP 38 G 8 TR % TMP Stk Hob iy 0 MR8k 28 1 A DHFR
F{L s BURI g E & 11 % DHFR 2SI E £ 5ay TMP iR, ENMELDETHeR
DHFR, 4 TMP SEHitE. Msh, RO &%DE DHFR #ad # 4 5 TMP (o)
BWZ—. mEXF DHFR £ i Bk ot 8950 2 50 6 (A RS i e 2, i Z W% &L DHFR
W TMP f8UR B DHFR g3 eV EEKE, 1 8 DHFR KM ABARBE. H
50% 7 11 MK TMP %2 10 *mol/L; IT BB E ARG AEEH, WS 50% BIE
5 TMP % 10~ ?mol/L; #efs ik DHFR B§i5 1%,  50% vk & % 10 %mol/L, %t
BfagE

ABFEF 7 B TMP #9 R {5201 TR & # DHFR HEhBEMES TEREE P REK
DHFR 9. 3t 3 Bk BUR B 09 DHFRS0% 169 TMP 3% & 5 S G KBSRI A, TMP &f
A B A DHFR 454, fo7R ARSI A2 M7= A b R, R T BB . X Sk
HESH TMP IS REPEEERZE, TMP () MIC BIE8, TMP %% 7T DHFR
MR . EHFRGREY, X T B TA A TMP #2585 F ik f4 4489 DHFR TR
. B4 BRBAHY S E TR, H TMP B 254G LI$6#, SDS &b P 15 BR BB
TMP W #5¥ER 2 9. E 189 DHFR Bi5¥R S, M55 FEF ek DUHFR , ©
g TMP W 252 R WORLS 69, X 4 BRETHY R DHFR J& F 9 RiOR R0 $0 466,
e 3 B ey DHFR (35 %555 1 % DHFR #fl, ©{1U&F I ® DHFR . #Hbk 36
i) DHFR R4 RFEHIEEIE S, FE 10 2mol/L # TMP A G 50% 6915 11, 3 & %4
TIRIRG, (HRERME O BUREE & T 1 A8, ©RRYT I BEEM 1T AL —#
FT DHFR . &8R4 REW, BOIEDTREXN TMP MEWNE EEEEY: 1. 20
fE%a DHFR 2 i/ 4; 2. i R R4 Ia & DHFR; 3. & R R Al 4
T—##H&s DHFR .

£ ¥ X W
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STUDIES ON THE MECHANISMS OF RESISTANCE TO
TRIMETHOPRIM IN SALMONELLATYPHIMURIUM

Hu Yanmin

(Biology Department, Hebei Teachers University, Shijfiazhuang 050016)

The mechanisms of resistance to trimethoprim (TMP) in the clinical isolates of Salmonella
typhimurium were studied. The experimental results indicated that the frequency of TMP
resistance of 50 strains of Salmonella typhimurium was 76%. Seven of the resistant strains
were highly resistant to TMP and four of them contained different plasmids which could
transfer in the same species and between different ones, and could be eliminated with 8% of
SDS. The results of comparing the activities and characteristics of dihydrofolate reductase
(DHFR) in crude extracts from seven resistamt sirains and those from controls suggested
that overproduction of the chromosomal DHFR was the resistance mechanisms in three
plasmid-free strains and the levels of DHFR activity of the strains was increased durmg
prolonged exposure to TMP in vitro. However resistance to TMP of the plasmid-containing
strains resulted from production of plasmid-mediated TMP resistant type Ia DHFR and a
new type DHFR which has not been reported up to now. The present work provided the
theoretical basis for clinical use of TMP and attempts to suppress development and spread
of duge resistance of pathogenic bacteria.

Key words Salmonrelle typhimurivm; Trimethoprim; Mechanism of resistance
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