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-SK SP" -NON-CPS SEMRIFAIRA PEER , MEREZ RMERELUR
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KBEE 2 RESEEE ( CPS ) EARE
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Bk Y B EERIEGE RN , IEE-
2,3,6,26, 27TKk28 6, 2R
HEEHARERM: , IR HEZNON-CPS
B, BETEE R Nutrient broth (Dif-
co ), B SPZMICRE 12.5—25.0u g /m/ ,

CPS SRk it 79 . LIABERK
KiEGE 18 /J\B%ZHgart-infusion (HI; Difco)
W 3 k% , BshnTris buffer ( PH 6.3 )
¥HZ NTG ( N. B . Co ) 50 ug/m¢
( HE R IREE %R MacFarland Ne-
pherolometer Standards No.2 ) R
30 48 , BUAREAKREE SKRERS
SP 100 pg/m/ BSHIF RIS REER
48 /)\HE , $2FF proteose - peptone No-3
glycerine salt ( PGS ) IZEAELKTE
%2 SP itk WRELk (SP'- CPS#R
%) L, ¥RET HI FEBSEL, BT
K I MR A HME NON-CPS  Z rev-
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#IT,

MR A ERIE Y, miEER
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#% , 3B SPT - NON-C P S 8 Bk K2 5 FEik
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HEEHARERREDZHE C7: L4
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pherolometer Standards No .3 ) A 5ml
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icin (GM, %% . 80 pg/m/¢ ) , cefazolin
( CEF, #&; 100¢g/m/ ) , kanamy-
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cin-C (MMC , HB#F®§E% ; 50pug/mé ) ,
streptomycin ( SM,B8¥5 ; 250ug/mé ) ,
oxytetracycline ( OTC ,¥#Hg; 1000¢g/m/
) , tetracycline ( TC; Y75& . 1000g/m/

) , K carbenicillin ( CARB, ¥ ; 1000
pg/mé ) , ERER—ALER 10 m¢ HI
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¥ RIS MBI R YR L IR B R
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W EEERKRT 5ml SEEARREZ
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Table 1. Mutation rates of the CPS mutants among
the spectinomycin-resistant strains after
treatment with NTG of wild type strains

Strains Isolated No. Mucoid mutants (%) Backmutation (%)

E-2 196 29 (14.8) 2(6.9)

E-3 244 4(1.6) 2 (50.0)

E-6 487 6(1.2) 4 (66.7)

E-26 217 2(0.9) 1 (50.0)

E-27 179 3(1.7) 2 (66.7)

E-28 277 3(1.1) 3 (100.0)

Table 2 Susceptibility to various antibiotics of
Escherichia coli mutants
Geometric mean MIC (ug/ml)**

Drug* SPr-CPS-R SPr-CPS-S SP"-NON-CPS Parent”
CM 466.6 336.5 353.6 250.0
SP 500.0 234.6 281.2 12.5
EM 500.0 18.6 29.7 25.0
GAB 500.0 10.3 7.4 6.3
AP 500.0 3.5 3.7 6.3
CARB 500.0 3,8 5.3 3.2
NA 500.0 4.6 3.7 3.2
KA# 500.0 3.2 3.2 3.2
NEO 420.5 3.2 3.2 3.2
SM 271.3 3.2 3.2 3.2
MIM 190.0 3.2 3.2 3.2
RIF 26.8 37.2 29.7 12.5
MMC 6.9 6.9 5.3 3.2
CEF 20.3 3.2 3.2 3.2
COL 5.4 3.2 3.2 3.2
GM 3.2 3.2 3.2 3.2
Sum 185.4 6.5 6.5 5.1

Tested strains: SP'-CPS-R: 20 strains, SP'-CPS-S: 7 strains, and SP™-NON-
CPS: 4 strains (included 2 strains of CPS revertants).
*Chloramphenicol (CM), spectinomycin (SP), erythromycin (EM), amino-
sidine (GAB), ampicillin (AP), carbenicillin (CARB), nalidixic acid (NA),
kanamycin (KA), neomycin (NEO), streptomycin (SM), minocycline
(MIM), rifampicin (RIF), mitomycin-C (MMC), cefazolin (CEF), colistin-M
(COL), and gentamicin (GM).
**For calculation of the geometric mean MIC, a value of 3.2 and 500.0
ug/ml was used in all cases where the MIC was 3.2 > and >250.0 pg/ml.

+ Strains which developed mucoid (CPS) or nonmucoid (NON-CPS) colonies
on proteose-peptone No. 3 glycerine salt agar. (1)

# The results for oxytetracycline, methacycline, dememe methylchlorte-
tracycline, chlortetracycline, tetracy cline and doxycycline were the
same as that kanamycin.




BeEE

Table 3. Comparison of geometric mean MICs of parent strain
to spectinomycin resistance mutants
MIC ratio of parent strain with
Drug* - - -
SP -CPS-R SP'-CPS-S SP"-NON-CPS

NEO 131.4 1.0 1.0
SM 84.8 1.0 1.0
CARB 79.4 1.2 1.7
GAB 79.4 1.6 1.2
NA 79.4 1.4 : 1.2
KA# 79.4 1.0 1.0
AP 79.4 -1.8 -1.7
MIM 59.4 1.0 1.0
SP 40.0 18.8 22.5
EM 20.0 -1.3 1.2
CEF 6.3 1.0 1.0
MMC 2.2 2.2 1.7
RIF 2.1 3.0 2.4
CM 1.9 1.3 1.4
CcoL 1.7 1.0 1.0
GM 1.0 1.0 1.0
Average 36.4 1.3 1.3

* See table 2 for definition of antibiotics abbreviation.
#The results for oxytetracycline, methacycline, deme methylchlortetracy-
cline chlortetracycline, tetracycline and doxycycline were the same as that

kanamycin.

MIC (% 2) ,B&GM, rifampicin (RIF
) MMC X colistin-M ( COL ) %+, SP"-
CPS-RBREBH LR ZMIC HAERAM
BiRE, BH 22 fEHi4 £ 2T geometric
mean MIC ( 185.4 pg/m¢ ) AMEEIR Rk
( 5.1 pg/m¢) HREMHER , MAR
SP-CPS-S& SP* -NON-CPS #REKIH
KRB (6.5¢8/ml),SPT-CPS-R
4 Rk 22 fiHi4: % 2 geometric mean
MIC BRI RAEZ 36-4 f% , BCSP"-CPS-
S SP*-NON- CPS SR kHE 28.5(% (&
3RE4L) . APHKA , OTC , methacy-
cline ( MC ) , demethylchlortetracyc-
line ( DMCT ) ,
CT ) , TC, doxcycline ( DOX ) , nal-
idixic acid ( NA) , NEO , CARB ,
AP, SM, GAB , minocycline ( MIM)

chlortetracycline (

K erythromycin ( EM ) %2 geometric
mean MIC i 16. 8 {23 156.3 {ZLA L2 £ER
o(2) LA 8847 i ¥4 B A2 Rt n LA ST (3%
5), 20 SP*-CPS-R #RHEAIHHE
EE R TR  Hh 158k ( 75.0 %
) ¥ 22 MEHTAEESZ 196, 48k ( 20.0 %)
¥ 2078 (12.9% ) K18k ( 5.0%) %21
A S LM , 7 kSPT -CPS-S
% 4 ¥k SP™ -NON- CPS SRR Z I
4 it REIEFHE .

8 Rk A (Lt - (1)SPT -CPS-R g
B ML A Y 2RI RN 6 TR , o suc-
rose , rhamnose , ducitol % xylose J&
gain mutation , 3 {88 Eik A IR RERE

sucrose , dulcitol , xylose } adonit-

ol ZFIFEENRIE AR BRUBIHME

L YRR RSB . Adonitol FIM
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Table 4. Comparison of geometric mean MICs of SP'-CPS-R
' mutants to others

Drug* MIC ratio of SP"-CPS-R with
_Parent SP'-NON-CPS SP"-CPS-S

KA# 156.3 156.3 . 1563
NA 156.3 135.1 108.7
NEO 131.4 131.4 1314
CARB 156.3 943 131.6
AP 79.4 135.1 142.9
SM 84.8 84.8 84.8
GAB 79.4 67.6 48.5
MIM 59.4 59.4 59.4
EM 20.0 16.8 26.9
SP 40.0 1.8 2.1
CEF 6.3 6.3 6.3
COL 1.7 Yl 1.7
CM 1.9 1.3 1.4
MMC 2.2 1.3 1.0
GM 1.0 1.0 1.0
RIF 21 —0.7 0.9
Average 36.4 28.5 28.5

* See table 2 for definition of antibiotics abbreviation.

#The results for oxytetracycline, methacycline, deme methylchlortetracy-
cline, chlortetracycline, tetracycline and doxycycline were the same as
that kanamycin. :

Table 5. Multiple drug resistance of Escherichia coli mutants

Drug combinations* No. of positive strains
SPT-CPS-R | SP'-CPS-S |SP'-NON-CPS | Parent
(20) (7) (4) (M

CM,SP,EM,RIF,GAB,AP,CARB,NEO,NA,SM,KA, | 1(5.0)# 0 0 0
OT,MC,DCT,CTC,TC,DOX,MIM,CEF,COL,&MMC ;

CM,SP,EM,RIF,GAB,AP,CARB,NEO,NA,SM,KA,
OT,MC,DCT,CTC,TC,DOX,MIM,CEF & COL

CM,SP,EM,RIF,GAB,AP,CARB,NEO,NA,SM,KA, .
OT,MC,DCT,CTC,TC,DOX,MIM,CEF & MMC 3(15.0) 0 0

CM,SP,EM,RIF,GAB,AP,CARB,NEO,NA,SM,KA,

1(5.0) 0 0 0

OT,MC,DCT, CTC,TC,DOX,MIM & CEF 15(75.0) 0 0 0
CM,SP,EM,RIF & MMC o . ’ .
CM,SP,EM,RIF & GAB 0 A » 5
CM,SP,EM,& RIF 0 . ) X

* See table 2 for definition of antibiotics abbreviation.
#Percentage.




Table 6. Carbohydrates ultilization of CPS mutants of Escherichia coli induced by NTG

Strains No. of positive Ultilization of Antibiotics
(tested strains (%) [ MAN# GLU LAC ARA SUC SOR TRE RHA DUL RAF SAL XYL INO ADO | susceptibi-
number) i lity**
SP'-CPS-R 6 (30.0) AG* AG AG AG AG AG AG A AG - - AG - - R
(20) ©2(10.0) AG AG AG AG AG AG AG AG A - - AG e
12(60.0) AG AG AG AG AG AG AG A A - - AG - -
[ sP'.cPs-s 2 AG AG AG AG - AG AG - - S - A
‘4 (7) 3 AG AG AG AG - A A S = = - A s
I 2 AG AG A A - AG A - - = - A
SP-NON-CPS | 1 AG AG AG A - AG A - - - - - A
(4 1 AG A A A = A A - - - - - A s
1 A A A A - A A A - - - - =SA
1 A A A A - A A S e - A
‘ Parent 1 AG A A AG - AG A - - - - - - A s
{ )

# Mannitol (MAN), glucose (GLU), lactose (LAC), arabinose (ARA), sucrose (SUC), sorbitol SOR), trehalose (TRE), rhamnose (RHA), dulcitol
(DUL), raffinose (RAF), salicin (SAL), xylose (XYL), inositol (INO) and adonitol (ADO).

;: [ § * A:acid, G: gas, —: no reaction; R: drug resistance, S: drug sensitive.

i **The drugs tested were ampecillin, carbenicillin, streptomycin, neomycin, kanamycin, nalidixic acid, cefazolin, oxytetracycline, methacycline,
demethychlortetracycline, chlortetracycline, tetracycline, doxycyline and minocycline.

|
5‘ Table 7. Enteroserological types of CPS mutants
| of Escherichia coli induced by NTG
{ ‘ Strains Sero-group No. of strains
K (Tested No.) (Difco)
d ' “
! SP"-CPS-R (20) D 20
| C 5
i SP"-CPS-S (7) D 1
untypable 1
A 1
SP"-NON-CPS (4) B 2
& 1
Parent (E—2) B (086a:K61)

BE DI e 2 98 LR A0 R BOOR S B R 4 , (2)
LADifco B i AY5 Y i i hn LABIGE , HAER
m# 7HiR, SPT-CPS-R SEREUF Ak
( 086a ; K61 ) ZHUR a4 RARIBML ,
20 SP*-CPS-REKBT DR, 7 SP™ -
CPS-SHEMKBCRE( 5kk) , DEE( 1K
) RIEB MR ( 1#k) , 2 revertants &
BAKLBEE, SP"-NON-CPS #E¥KS BT
BEECEE,(3)20 SPT-CPS-R R
K 5 AL IMFR ZE 4 it E R E (heamagg lutina-
tion), T fib 38 SRk B SR AR Rl 2BR PR HE

8

SP'-CPS-R #EKZHERME (K8 ),
SP it 4 SR BRI FERR BRI E R,
¢ SP* -CPS-R&# Rk HtER® , HKE
SPT-CPS-S SRk,
SP* -CPS- S B E-YI Hil I BREIE
5 #2 SPT - NON- CP'S S SHKR IRk LA
HEE(F9) , HBEBRMMCH |, Bifbiid
F 2 HitEER# SPT - NON-CP S B R kK R}
HREAERBEGZER , BRSPT-CPS-S #
RAEH I HIRFSUSREH A RZMI CH
I SP* -NON-CPS SR #S [FAF#k , (EHR
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Table 8. Toxigenicity of CPS mutants of Escherichia
coli induced by NTG

Strai Mortality
e < 4hr 8hr  12hr  24hr Total
Parent (E—2) - - - - 0/8 (0)#
SP'-CPS-R 100.0 - = = — 8/8 (100.0)
e SP'-CPS-S 37.5 50.0 125 — 8/8 (100.0)
SP"-NON-CPS* 37.5 = = — 8/8 (37.5)
SP"-NON-CPS** 12.5 25.0 375 - 6/8 (75.0)

# The denominator indicates the number of mice inoculated and the numerator is
the number of mice died, figures in parenthesis show the percentage. Each of 8 mice
was injected intraperitoneally with 0.5 ml of. 12 hr stationary culture supernatants.

* Spectinomycin-resistant CPS revertant.
**Spectinomycin-resistant NON-CPS mutant.

Table 9. Resistance of wild type and NTG induced CPS mutants of Escherichia coli to antibiotics

Antibiotics MIC of tested strains Time of resistance (min)
(ug/ml) (ug/ml) Wild type | SP-CPS-5* [ SP'-NON-CPS** [SP"-NON-CPS*
Gentamicin v A
(80.0) <3.2 30 >300 <5 <5

Cefazolin

(100.0) <3.2 30 >300 40 120
Kanamycin

(500.0) <3.2 , 40 >300 <45 <5
Mitomycin-C

(50.0) <3.2 25 30 <5 : 120
Susplamycl <32 60 | >300 =5 10

(250.0) ’
Oxytetracycline

(1000.0) <3.2 <5 >300 <5 <5
Tetracycline

(1000.0) <3.2 40 >300 <5 40
Carbenicillin .

(1000.0) <3.2 120 >300 <5 120

* This CPS mutant is drug sensitive to almost antibiotics.
** Spectinomycin-resistant CPS revertant was obtained from CPS mutants.

# Spectinomycin-resistant non-CPS mutant.

RIS S ittt , SRR KIS B
7E A NE R B2 IR VLT B & L R B
g RIE , a4 R mtEeE L
B2fE ( Barrier ) FRBIHIARZHEAMKEA
TREEMIC SREHMEAE R

¥ RS AR R ( #F10) SPT -

CPS-R#EHY CTMAB 2R HEIL %
BESMEME AR TSLS , R cell envelope
FrAERAMRY .

L120 pg/mf# SLS K 10 pg /ml 83
CTMAB EH SPT -CPS-R BEKE , CM -
CPS SE#S OTCT -CPSMRERREK Y, Wl

9



Table 10. Susceptibility of SP"-CPS-R mutants of Escherichia coli to Sodium
lauryl sulfate, Cetyltrimethyammonium bromide and Sodium
desoxycholate on heart-infusion agar

i Strains Geometric mean MIC (ug/ml)

| (No. of tested) CTMAB* SLS SDOC
SP™-CPS-R (20) 0.2 12.5 > 1,000
| SP"-CPS-S (7) 6.3 > 1,000 > 1,000
| SP"-NON-CPS (4) 1.9 > 1,000 >1,000
1 Origin (1) 6.3 > 1,000 > 1,000

* CTMAB: Cetyltrimethylammonium bromide, SLS: Sodium lauryl sulfate,
and SDOC: Sodium desoxycholate.

Table 11. Susceptibility to antibiotics of Escherichia coli mutants after
surfactants treatment

. MIC (ug/ml)
Antibiotics  |Treated with*
SP'-CPS-R |CM'-CPS** | OTC'-CPS**

Control 500 | >1000 > 1000
Ampicillin CTMAB _3.2 —50 | >1000 500

SLS =>1000 > 1000 = 1000

Control 50 50— 100 500—>1000
Kanamycin CTMAB 32-25 | <1.8-63 100

SLS 100 — 500 500 500

Control > 1000 > 1000 > 1000
Carbenicillin CTMAB 100 — 500{ > 1000 > 1000

SLS >1000 > 1000 >1000
CFU after Control 6.1x10° | 3.3x10 | 6.1x10°
surfactants CTMAB 3.8x107 | 3.0x 107 43 x10°
treatment SLS 58x10% | 1.1x 10 | 4.3x10°

* 10 min after 20 pg/ml of Sodium laury! sulfate(SLS) and 10 ug/ml of
Cetyltrimethylammonium bromide(CTMAB). treatment, the treated cell
suspension was washed three times with normal saline. 0.1 ml of these
preparations was inoculation into certain concentration of various anti-
biotics contained heart-infusion broth. Results was observed for 48 hrs.

** Those mutants was obtained from chloramphenicol and oxytetracycline.(4)

EEEEGEE AP , KA CARBEMIC > R BRMEE LSL @RHEM% , HMIC &AREER]
L (F11) |, EREELUERERREKZ &, GRS S EmE T 2 S8
M v S IS B AT e , (B AE AWM . MAERAEEREEZ CM” -CPS
TGRS SPT -CPS-R SR fid R K OTCT -CPS B REHHIAERMIC JRELSE
ZMIC #a4ml , £ R CTMAB EEK 1L,

, BN EEREATEEAM , (ESPT -CPS-
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£ EEE 2 chloramphericol & oxyte-
tracycline fFET , HEEMRRML IEHIR
£ NON-CPS BK IH it @R ssg 4: CPS 8
Rk, TSR AR ESH % EHERS
MIC RIEmEAZRMmER , B A
PR o T E TR VEER IR R RO L e R 22 B
(O [ NTG R FHEKRER spectivomycin
SRR AW CPS MR fkeh | 20 SPT -
CPS-R#BEKYE erythromycin 215 &
A R BB RN SPT - CPS - S B Rk,
S P* -NON-CPS 8RR FAFKkEL geom-
etric mean MIC &% , EfEFHHE
#£§928.553) 36.4 1% , M AY 22 f& iR
iz 21 fE, 20fE R 19 @ EAELY MM, &
it R 52 10-0 % , 15.0 %K% 75-0%
fii SP*~CPS-S & SP"-NON-CPS ##5 ik
BURAILUSRbER o SPT - CPS - R SR HRE B4
F 2R ~ A it ROR R S n LA B B
CM"-ROTC* -CPS SSREFABALUY |
"LL SP*-CPS-R#EH , CM" -CPSH
OTC™ -CPS #MEKRERE , KIFIEEHE PGS
1 A KPR 2 fE R L s RS
A UIBES , th BB Ek A
FUR R RE M, MASAELZHER Y, 6
NTG FE SR FRHHE%EZ SPT -CPS
- SEERE , CMEARZRRME: |, kb
&2 F B R UR S 2 RBHELISPT -
NON- CPS. SEKRKIFfRHE, HEXRZE
B & KGR B el > e 4 B
A 2 FER R T G T B s M B R
[ L ZNGEZNS ke { E T s N~} -2
5 M RS 2 28 ( configuration B F
BEt o T | RREET| S R
## (random mutation ) AIfSRBARK, ME
1 SRE MR HMRGESE — W R R
CPS SR pRE M~ AR 2 5
iR T 2 Bl SR in #f envelopes it
W B e R (3-4:8-15: 23720\ jy o6
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B 190 28 93 K B FR B Z sucrose-dependent -
spectinomycin- resistant SEE | HiT
43 > btk detergent IR AIER REH
RS M ( hypersensitivity ) HERIEHZ
WHREIEE | #8 gel electrophoresis & poly-
acrylamide gel 47#7H cytoplasmic mem-
brane Z BB , 7£28 {f protein band
FEE Su?!-SPCT BREKFEHA1-19,
1-13% 1 -24% protein band ‘*%°
MG bk K2t teat A S @A, 2

enzymatic inactivation H &R ER ‘¥ 2
, InShigella dysenteriae Fiff#i 2 RTF &
R TR EEE B OO (BLIMIER-factor s{&
WRATE | Rt E , HfEg i AR/ M8
( exchromosomal genetics ) FT## 2 %%
it A F7E In vivo ¥ AMEALE In vitro Bk
ATLVRASEMBEMIARER , SERE2 R
RS RFTA A 2 SR 7R85 K B B
4> selective pressure BIREFECH
AREZRER , PRSI F AR RS
MTRGIAERSHE , TLUBRBEPGS &
A RREE% 2 CPS SR, R itz
BRI 2N . CPS R MR
HRMEMRE ( 0.9 %— 14.8 % ) T BIFE
REM IR T 5  SE B S e
I e R 5 SR T i P 2 AR PT RE R R HE
TR . :
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Studies on Pathogenic Escherichia coli (V). Preliminary
Characterization of Spectinomycin-Resistant, Capsular
Polysaccharide-Synthesizing Escherichia coli

Cheng-Chuang Tseng, Mei-Yung Tseng and Mei-Yi Chen

According to their colony types on the proteose-peptone No. 3 glycerine salt (PGS) medium
and their susceptibility to antibiotics, the spectinomycin-resistant mutants were classified into
the following three groups: Group 1: SP'-CPS-R mutants. They grew mucoid colonies on the
PGS medium and developed resistance to various antibiotics. Group 2:" SP"-CPS-S mutants.
They grew mucoid colonies on the PGS medium but were sensitive to various antibiotics. Group
3: SP"-NON-CPS mutants. They grew non-mucoid colonies on the PGS medium and were sen-
sitive to various antibiotics.

The SP'-CPS-R mutants showed significant different MIC resistance threshold and cross-
resistance to various antibiotics as compared with SP'-CPS-S mutants, SP-NON-CPS mutnats
or the original parent strain. The SP'-CPS-S mutants and SP"-NON-CPS mutants reacted to
antibiotics rather similarly as the original parent strain. However, the SP'-CPS-S mutants showed
longer survival time than SP'-NON-CPS mutants and original parent strain against certain con-
centration of various antibiotics. Thé SP'-CPS-R mutants were more susceptible to surfactants,
their growth was inhibited much more than the other mutants, and their drug resistance was
also affected by the surfactants.

The SP"-CPS-R mutants gained ability of utilizing various carbohydrates, but could not
utilize adonitol, and ability the guinea pig RBC heamagglutination. The spectinomycin-resistant
mutants showed rather strong toxinogenicity, especially the SP"-CPS-R mutants showed the

strongest.
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