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Fig. 1. Binding of ampicillin to the PBPs of Escherichia coli. PBPs were
detected by the post—addition of [*Hlbenzylpenicillin to membrane
fractions of E. coli pretreated with two—fold diluted ampicillin.
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Fig. 2. Saturation curve of ampicillin to PBP 1B of Escherichia coli. The
density of the PBP band, which is shown in Fig. 1, was determined using a
densitometer. The inhibitory ratio (Ir) of binding of [°H]benzylpenicillin
to PBP 1 B by ampicillin was represented by the rate of decrease in the
PBP density compared to a control which was no addition of the drug. A
red line represents the result of linear regression analysis.
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Fig. 3-1. Affinities of 16 f—lactams to the PBPs of Escherichia coli. The inhibitory ratio (Ir) of binding of ['H]
benzylpenicillin to each PBP by /j —lactam antibiotics, which was obtained by linear regression analysis, is shown.
The marks on each curve represent the position of the MIC of each ff —lactam. (C: penicillins; £ cephems; [ I:

carbapenems;

© penem)
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Fig. 3-2. Affinities of 16 f—lactams to the PBPs of Escherichia coli. The inhibitory ratio (Ir) of binding of [*H]

benzylpenicillin to each PBP by ff —lactam antibiotics, which was obtained by linear regression analysis, is shown.
The marks on each curve represent the position of the MIC of each f—lactam. (O: penicillins; £: cephems; [ |

carbapenems; <>: penem)
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+4] OfREFEHR% 0.0301 # F L, [HkIZ PBP3 & PBP
212xt3 5 I, 88.4 &£ 92.4 (Tablel) (ZZFNZFNDRE
EJZEFR%L, 0.0381 & 0.0173 (Table2) #FELT, THh
5O, 5 HE 6.6675 3 1L, 2.9373 L) H
HREASRKD SN D, ZOBRO MIC 13 2" TH#ENT %47 T
WBEDTHAHNS, HimxENEE IZITRBRE 1A
DHNOELE L TERTAIENTELI LR DL, D
FERE IS EA RS E LT 0.9380, HHEBIEFEAEH
MAREE L T09218 L) bDThHo7e 72, Th
SOHMEROHR. [1B+4] & [3] 3HFTEMICHE
BEhbDThoT2,

Table 2 D FTERICAEZHHEKE 0.9 L EOHEER
BAERTEOMODERERL Lz SHEDOEKZRHWT

Table 2. Multivariable analysis for the relationship between the inhibitory ratio (Ir) of binding of [*H]benzylpenicillin to the PBPs of

Escherichia coli by p-lactams at their MICs

Multiple regression analysis Criterion variable: MIC N=16
Explanatory Partial regression Standard partial Partial correlation Correlation
X i . . F-value F-test X X
variable coefficient regression coefficient coefficient coefficient
[1B+4]° 0.0301 0.5764 20.1057 0.0007 0.7913 0. 8404
(3]~ 0.0381 0. 4959 17.3388 0.0013 0.7688 0.5946
(2]¥ 0.0173 0.2603 4.1553 0.0642 0.5072 0.3863
Constant term —6.6675

Determination coefficient: 0.8798

Probability: 0.0000

Coefficient of determination adjusted for the degree of freedom: 0. 8498

Multiple correlation coefficient: 0. 9380

Multiple correlation coefficient adjusted for the degree of freedom: 0.9218

a) . It means the inhibitory ratio (Ir) of [*H]benzylpenicillin in PBPs by B-lactams. Explanatory variable and other variables with

correlation coefficient greater than 0. 9.
[1B+4): [1A+4](0.9618), [4+6](0.9223),
[3]: [1B+3](0.9652), [1A+3](0.9175),

[3+4](0.9178)
[3+6](0.9096)
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Table 3. Decrease (%) in the number of viable cells of Escherichia coli after 2 h cultivation with p-lactam antibiotic at 4x MIC levels

Inoculum size: 855.000 = 3, 500

Experimantal times

B-lactam antibiotic Mean SD t—test®
1st 2nd 3rd

Amoxicillin 0.23 0.12 0.12 0.16 0.07
Benzylpenicillin 3.63 2.22 2.34 2.73 0.78 0.0133
Ampicillin 6.43 7.60 7.02 7.02 0.58 0.0016
Cefmetazole 23.39 16.37 17.54 19.10 3.76 0.0053
Imipenem 24.56 18.13 23.39 22.03 3.43 0.3758
Panipenem 28.07 23.39 31.58 27.68 4.11 0.1412
Cefaclor 31.58 26.90 37.43 31.97 5.27 0. 3288
Faropenem 32.75 29.24 38.60 33.53 4.73 0.7223
Biapenem 35.09 32.75 40.94 36.26 4.22 0.4970
Cefotaxime 49.12 53.80 56. 14 53.02 3.57 0.0063
Cefotiam 53.80 51.46 54.97 53.41 1.79 0.8740
Cefozopran 52.63 52.63 58.48 54.58 3.38 0.6240
Cefditoren 53. 80 58.48 54.97 55.75 2.43 0. 6520
Piperacillin 52.63 61.99 53.80 56.14 5.10 0.9106
Cefdinir 58.48 58.48 60. 82 59.26 1.35 0.3636
Ceftizoxime 58.48 70.18 73.68 67.45 7.96 0.1539

a) . At-test was performed for values in the upper rows.

Table 4. Inhibitory ratio (Ir) of binding of [*H]benzylpenicillin to each PBPs of Escherichia coli by f-lactam antibiotics at 4 X MIC levels
MIC (%) Ir of binding of [*H]benzylpenicillin to each PBP (%)
Antibiotics

ug/ml Log 2 PBP1A PBP 1B PBP 2 PBP 3 PBP 4 PBP 5 PBP 6
Benzylpenicillin 32 5 100 100 100 100 100 99.7 100
Ampicillin 4 2 96.0 65.5 100 100 90.6 0.0 33.0
Amoxicillin 8 3 99.4 87.9 100 99.9 95.9 0.0 63.5
Piperacillin 2 1 68.2 71.7 98.0 91.0 32.2 11.8 6.6
Cefmetazol 1 0 100 84.2 0.0 88.0 89.7 91.2 69.6
Cefotiam 0.125 -3 84.1 49.5 9.0 85.2 10.0 0.0 0.0
Cefotaxime 0.125 -3 62.7 50.0 0.0 73.8 0.0 0.0 0.0
Ceftizoxime 0.0625 -4 79.0 68.5 23.9 82.8 11.4 6.0 0.0
Cefozopran 0. 0625 -4 10.8 25.2 16.2 64.6 0.0 1.9 2.5
Cefaclor 4 2 99.0 82.3 32.2 98.6 95.7 0.0 0.0
Cefdinir 0.5 -1 95.5 78.7 62.4 91.7 73.3 0.0 0.0
Cefditoren 0.5 -1 82.4 91.6 17.2 84.8 8.4 0.0 0.0
Imipenem 0.125 -3 73.6 30.0 91.6 0.0 76.6 53.5 4.1
Panipenem 0.125 -3 78.0 58.4 94.6 10.1 82.3 52.9 11.8
Biapenem 0.0625 -4 4.7 0.0 85.9 0.0 73.8 0.0 0.0
Faropenem 0.5 -1 80.4 38.9 100 0.3 97.1 53.5 2.1

LEHPRZ KDDL ENTE LD, ZOIEEIL Table
2WRL-BELVEBHERTH -7z £72, Table
RS h o 7295, 1/2xMIC I 25T O EEIF 547 T
12, A SNHBZHIC MIC A TOZN & HED
%, FBENRRRELEVIERETH o7,

3. EIRIMEEO A BB ONE

B B—5 2 57 LERM2EEMEDOERBOEILIZO
TiE, MIC DERRMTIZVTROEFIIBTHE
BOBRVEI G AELRAERRHTILIETE LD o722
xMIC O AR M TI1Z AMPC & PCG £ ORMIZAHE A D
ENR SN, FOMOEFBIITAELLEZ ALY
ZERTERDPoT,

4 xMIC ORI TiZ Table 3 12779 & 912, B
OEAEABLEAENRONTZ. LT, ZORIFEE

FHETHET L L, AR UTORIED 1/10 LT
2R A B #H (AMPC, PCG 8 £ WWABPC) &, 1/5
LUF~1/10 kiifi T& % E#) (CMZ, IPM, PAPM, CCL,
FRPM & & 0" BIPM) $ & U8 1/5 *iii T % EH#l (CTX,
CTM, CZOP, CDTR, PIPC, CFDN X ' CZX) O
ST ONGE, CO3BEENEN T T -3,
2BLU1 ELTHANSH 1T - 72

72720, COBORMERREILZ4XMIC THSHD
T, Table4 IZ/RF X HIZ4xMIC S IZ BT 5% -
55 % LHED PBPs 124 5 Ir # MIC By & & RIBRIZ L
Tk, ZOBRIIEOSNDHALEKREH O TRITZIT-
720 ¥7:, Table IZIZR LTV RWAS, ZD7=HIZ MIC
BEBICBIT A Ir 2DV T BT % 1T - 720

WX Table5 IR, # 7T —1: 2%HBT5
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HELRMEHE LTS, PBPA KT 2 (D AR %f-57 % 24 % KIBHIZIRN L7z 2 W51 o> 108

HaEnhTwb, RWTPBP2 & PBP3IZT45Ir®
fM2+3]) BB EIN TV 5B, h7TY—1:3 %43
TAHEELRHAPEHE LTIE, PBP6 AT % Ir([6])
L PBP4 L PBP5IZ/T A Ir DE([4-5]) A SN
Twbe A7T)—2: 3%HNT2EELHALKE
LTl [(2+3] A S h, £0fhiZ PBP1B & PBP

612095 Ir ®%([1B-6]) AR ) EiFb5hTvb, £
NENOHFNK A S £ S N/ H AR SO KGR & 73 Bl
B (hitting ratio), BRHIFIOMEFE (error probabili
ty), BLUHMEL =128 X2
THho7,

T, ChOOFHBALEBEMBEOSWERIZELE
N Table D FEI/R L7z, [4] 2B &, ZOfodH
AT 0.9 U EOMHBREE RT ZOMO LKA R Y
b Z EANEH S,

MIC B U2 315 5 ] 5 5347 D 4% 5 13 Table |
VRV, FRHSNCHERHPAERERETE, AT T
V—=1:2A773Y—1:3Tlk [4) Oa»HEEL
THHEINTEBY, 2: 3Tk [2+3] 28k b EiFoh
TW5b, HEAKRMIZIE 4 xMIC RO H 5 54T & KEIFR
DHLNLD o7z,

4. FERIRMEFICE LN 2 HOTEE

(correlation ratio) (23kiZ

IRLT

At

ZAL% Fig. 512733, SO OMBEoRFELGNL 72
R, EELILIITELT, a) IKx 2T 5 iﬁ'] (IPM,
PAPM, BIPM £ X O'FRPP: # 73 —1), b) %
FEVWEREIKZ 29 5 %4 (PCG, ABPC, AMPC, CCL
BILUOCMZ: #73)—2), BLXUFce) KWT7 15X
v b EEKT 5 %A (PIPC, CTM, CTX, CCL, CZX,
CZOP, CFDN B X O'CDTR: #7317 —3) IS
iz, 7z, ThOORRELIZmA, MR DR
HRESND LAESNLEEOHRRIIZD) BEHIZH
23X 5 3#A (PCG, ABPC, AMPC, CMZ, CCL,
CFDN, PIPM 36 LUFRPM: #7 3 — 2) &, e)bulge
R ABIEE Sz < WS (PIPC, CTM, CTX, CZX,
CZOP, CDTR, IPMB L UOBAPM: # 73 —1) &
ZagEIn,

74T A Y MEBIZMT 5P 54T O % Table 6

RS o COBOHBIGH S 4 xMIC OEFEMEED Ir
f)‘bfﬁbﬂf_aﬁﬁﬁxﬁ’i’ﬁ?b\t#, D722 MIC D

ERIRMEE ORI 3H b 1T o T b
ATa)—1: 2% 0T HHMALKRE LTIE, (3]
L2 PAEETHo e #T7T)—1:3%HHT 5

BFELHWPZEHRE L TIE, PBP3 & PBP6 KT A Ir
D#([3-6]) &, PBP3 & PBP4Zxf$ 5 Ir ® % ([3-

Table 5. Discriminant analysis of hactericidal action based on the inhibitory ratio (Ir) of binding ["H]benzylpenicillin to each PBP

by B-lactam antibiotics at 4 X MIC levels.

Criterion variable:

Bactericidal action (based on the decrease (%) in viable cells after 2 h addition of B-lactams.)

Category 1. Decrease of the viable cells at start point to <1/2.
Category 2. Decrease of the viable cells at start point to =1/2- <1/10.
Category 3. Decrease of the viable cells at start point to =1/10. N=16
Category Expla-natory Discrim‘inant Mahala'nobis square Fvalue Probability
variable coefficient distance
1:2 (4] -0.3778 0.1853 76.7787 0.0000
[2+3]" 0.1844 10. 6407 12.1807 0.0058
Constant term 0.0753
Hitting ratio” :100% Error probability" :0. 42% Correlation ratio:0. 8907
1:3 (6] —0.4903 1.6999 49.0983 0.0002
(4-5])" -0.1935 14.4196 9. 9546 0.0160
Constant term 23.9993
Hitting ratio" : 100% Error probability* :0.07% Correlation ratio:0.9137
2:3 [2+3] -3.3611 0. 3584 561.7481 0.0000
[1B-6]" 1.6973 50.4010 34.6413 0.0011
Constant term 459.1942
Hitting ratio” :100% Error probability” :0.00% Correlation ratio:0. 9904

a). It means the inhibitory ratio (Ir) of binding ("H]benzylpenicillin to PBPs by B-lactams. Explanatory variable and other variables

with correlation coefficient greater than 0. 9.
(4] : [2+4](0.9036), [4+6](0.9034)

(2+3] :None
(6] :None
[4-5] :None
(1B-6] :None
b) . Hitting ratio is the value obtained by deducting the apparent error rate from 1.

¢) . The Z-value was obtained from the Mahalanobis square distance, and the probability corresponding to the Z-value was calculated

by using the standard normal distribution.
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Fig. 5. Morphological changes of Escherichia coli after 2 hour cultivation at 37C in the Mueller Hinton broth contained
with f —lactams at 4x MIC levels.
a): ovoid cells, b): slightly elongated cells, ¢): filamentous cells, d): bulge formed cells at cell division site, e): no
bulge formaton cells.

Table 6. Discriminant analysis of the morphological changes based on the inhibitory ratio (Ir) of binding of [’H]benzylpenicillin
to each PBP of Escherichia coli by P-lactam antibiotics at 4 x MIC levels (1)

Criterion variable: Morphological changes (based on the phase-contrast MICroscopic findings obtained after 2-h cultivation with the
B-lactams)

Category 1: Ovoid cells

Category 2: A little elongated cells

Category 3: Elongated, filament-shape cells N=16
Expl. iscrimi Mahal i
Category Xp. a.natory Dlscnm}nant aha. §nobls square Fvalue Probability
variable coefficient distance
1:2 (3] —8.0438 0.2561 1,192. 8045 0.0000
(2] 0.9814 293. 8593 8.1380 0.0357
constant term 318.0064
Hitting ratio" :100% Error probability* :0. 00% Correlation ratio:0. 9966
1:3 [3-6]" —2.2227 30. 1593 68. 6424 0. 0000
[3-4]* —0.7425 84.2814 20.9075 0.0013
constant term 80. 8986
Hitting ratio” :100% Error probability” :0.00% Correlation ratio:0. 9872
2:3 [3-6] -0.5569 2.3194 45.0112 0.0003
(3]~ —0.4563 28.1351 2.9004 0.1323
[5-6]" -0.2149 27.4625 3.1137 0.1210
[1A-1BJ* 0.2948 29. 3530 2.5361 0.1553
constant term —14.9311
Hitting ratio® :100% Error probability” :0. 07% Correlation ratio:0.9168

a): It means the inhibitory ratio (Ir) of binding [*H] benzylpenicillin to PBPs by B-lactams. Explanatory variable and other variables
with correlation coefficient greater than 0. 9.
(3] : [1B+3](0.9588), [1A+3](0.9065)

[2]  : [2+47(0.9125)
[3-4] : [1B-4](0.9264)
[3-6] : None

b) : Hitting ratio is the value obtained by deducting the apparent error rate from 1.
¢): The Z-value was obtained from the Mahalanobis square distance, and the probability corresponding to the Z-value was calculated

by using the standard normal distribution.
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PRMEIN T2, #157)—2: 3OFELBHN
EBE LT [3-6] ARASA TS, ZOHFRD
BEZRTHB SR, BuokEs L CHBELE
WD TH o7z, £72, ThoDHBAEKREHBENE
WEHIZ Table 6 D FEHIZR L7

—%, MICRHIZBF 2 HBISHTIE, 77T —
1:2°T [4], [2-3], (2+4] B LV [3-5] LEHDE
EAHBEEHE L TR EFSoRTEBY, #7T)—1
23Tk [2-3], A7 T)—2:3Tid [4+45] DA
HREHE L TR EFohTwiz, COBDOHEBELEH
i1 4xMIC TOENE DR ) Rip o Tn2h, FhEh
nHF3TY—IZPBP2, PBP3 XU PBP4 7% <
ELTwaZ ligdlL T,

Bulge BB $ % H| 5547 % Table 7 \27<$. H&E
RHABAEKE LT (4] MREEH, Zoftic [(1B] b
EELRHBERE LTRY LIFohTwb, ZoBES
RYHBIR PR, RAGOERSL X UHBE L2 2D E
WD THo72h, B2 EDH SOOI LT
HRRENDDTHole INLDHBEKEHEHD
BUEHII Table 7T D FEIZRLTH B, 72, Table
KIER & 2o 72h%, MIC B TOHBI ST I BT
ik 4] DAPEELFEHEKTH -7,

Im. # E3
MEDOMALRE SR ICB S 3 5 PBPs OBREICD W T
i3, Spratt"iZ & 5 PBPs D#H &AL L TR, PBP
DRIBHSCIFED PBPICBMMA2RT -5 7 ¥ 1 ¥
FrHVTORBEELRESITODRTE L, Thb
DEBDE L BRI L LTHASR TS, BEK
EDOBEIZBWTHRE SN GR LI D 2\,

MiaEE AW I 54 5 PBPs O#fEId k& 1k 2o
CHFoNnd, 12@RTFFIT)H L OFEHEBRNT

v» { transglycosilase (TGase) & transpeptidase (TPase)
THH™, ) 123 FEB/BENXTF FRFIZEHR
3 % D-alanine—carboxypeptidase (CPase) & DD-en-
dopeptidase (EPase) T# %", PBP1A, PBP1B
B LU PBP 3 1iTGase & TPase® 2 #E%#H L7,
PBP 2 (i TPase DA DL AT H L I LTV BHY,
SHIE, B-F7 7 9 EOELLZERETTFROKE
WPBP1A, PBP1B, PBP235 X U*PBP3 (HMW
PBPs) @ TPase *[HE$ 52 ,ilhb L EINhTWn5,
ZEIWPBP1BAMET A EAMBICEGHLEE
5z, BRAICESC LD LEH IR T A2,
ZORMM HDNVNAXRLKTLREOFIZIEPBP1IAD
TGase ZHETH LV IHIRED L H D05, FOBFIRNE
BIZOWTIRHELET AI2E> T,

TFED/NS 7% PBPs (LMW PBPs) ®9 %, PBP4
i3 CPase & EPase ® 2 ¥ "% %F L, PBP5 B L U
PBP 6 | CPase DHERE“ " 2 FdhL 3N Twb, L
2L, TN5H5O LMW PBPs i, #hoMARIBLTA
BHRICBVWCOAFRERZZ L2 S, ERICEEL MDD
DO BN ZEEZ LTwh LS p_
775 LEOELLERENE LTEHEI T2,

I/, BEL-T 7 5 LELIEH S E/BRD PBPs 2
WY HRRRM BN E REECORH A2 S, PBP1A
BLU1BIdMRaRE ORI S %, PBP3 iZMikan 5
HREFICLE2TREDOEGH %Z, PBP2 IR OFIKE
ROBEICHS L TR EEZ LN TVEY 2,

—Hh, B-77 % LEDE]H1EHHIIPBP1 B2
ThbE3hiehbd, 3t 7~ 4%EIZPBP
BITERMIZRCBAMEZ/RL, MIC Z# BAfIZLTw
BHUBE T2 L, FOBROEHIIFRELXARNT T4 T
A bEEKL, RETRLTLIBEN - EREZ RS,

Table 7. Discriminant analysis of the morphological changes based on the inhibitory ratio (Ir) ofbinding of [*H]benzylpenicillin
to each PBP of Escherichia coli by B-lactam antibiotics at 4 X MIC levels. (2)

Criterion variable: Bulge formation (based on the phase-contrast MICroscopic findings obtained after 2-h cultivation with the p-

lactams)
Category 1: No bulge formation in the equatorial region

Category 2: Bulge formation in the equatorial region N=16
Explanatory Discriminant Mahalanobis square .
F-val P
Category variable coefficient distance vaiue robability
1:2 (4] -0.1682 1.1103 35.3126 0.0000
(1B]” -0.1093 7.5897 7.0848 0.0196
constant term 16. 55899

Hitting ratio” :100%

Error probability” :3. 24%

Correlation ratio:0. 7957

a): It means the inhibitory ratio (Ir) ofbinding ("H]benzylpenicillin to PBPs by B-lactams. Explanatory variable and other variables

with correlation coefficient greater than 0. 9.
(4] : [2+4)(0.9036), [4+6](0.9034)
[1B] : [1A+3](0.9038)

b) : Hitting ratio is the value obtained by deducting the apparent error rate from 1.
¢): The Z-value was obtained from the Mahalanobis square distance, and the probability corresponding to the Z-value was calculated

by using the standard normal distribution.
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HEEHZR-L0THE, LIALEDVSL, KEIRL
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Y LEDBREIKFELTE Y, bhubhdRr L7 Fig. 2
LRk HMBERL TS, LAL, HESIEENL LI
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BREN S E LT b TE S, BB, 2
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MICBSIZBIT A ZFNEDRMIZKE L HLEZ R $IC
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-H, GERDS B-T 7 ¥ LHD F 7 AVER HIE PBP
1B s bl uhbiTwbIEHNS, FHE-F
75 LHENEKEPBPIZH L T/RTIr10 205 Ir90 12E 5
IRINEA R & MIC & Ok #X7:. ORI
3#EAIZPBP 1BIZB W T iz 59 L O D (Fig. 4),
Ir50 28V TLo b EVWHERTLDOTII R H o
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LA, BHEELERZTH-F 75 LEDINTRT MIC K
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Effects of affinities of the ff —lactam antibiotics for the penicillin-binding proteins of
Escherichia coli to their MICs, bactericidal action, and morphological changes

Masatoshi Konno', Yasuko Asahi" and Kimiko Ubukata®
"The working group for penichillin—resistmt Streptococcus pneumoniae, 1-19-10
Sugamo, Toshima-ku, Tokyo, Japan
“Institute of MICrobial Chemistry

Although the relationship between f-lactam antibiotics and penicillin-binding proteins (PBPs) has
been frequently investigated, their clinical benefits have not yet been elucidated. In the present study, the
affinities of several f-lactam antibiotics, having different fundamental structures, to PBPs of Escherichia
coli were determined in order to investigate the effects of these antibiotics on MIC, bactericidal action, and
morphological changes. The affinity of ff—lactam antibiotics to PBPs was represented by the inhibitory
ratio (Ir: %) of binding of [*H]benzylpenicillin to the PBPs of E. coli, using the method described previ-
ously by Spratt. Two—fold diluted B —lactam antibiotics from 1/32 MIC to 32 MIC were added to membrane
fractions of E. coli. The correlation between the concentrations of the antibiotics pre—added and Ir was the
highest for PBP 1 B. The correlation coefficient was 0.4661 at an Ir of 10% and 0.7569 at an Ir of 90%,
showing a concave linear pattern. The MIC seems difficult to explain in terms of the affinity of f—lactams
to PBP 1 B alone. Thus, Ir of each f-lactam to each PBP at their MIC points was obtained in order to
determine the correlation between Ir and MIC. The correlation coefficient was the highest with 0.8257 for
PBP 1B, and with 0.5 or higher for other PBPs, suggesting that MICs of f—lactams can be explained by
the Irs for all PBPs at their MIC point. Multiple regression analysis was conducted using MIC as a criterion
variable and Ir as an explanatory variable. The results indicated that MIC was significantly correlated
with Irs to PBP 1B plus PBP 4, Ir to PBP 3, and PBP 2. Similarly, discriminant analysis of bactericidal
action and morphological changes was conducted by categorizing the results obtained after 2 hour
cultivation with each 4 MIC of f -lactams. Whereas bactericidal action increased as Ir to PBP 4 increased,
it significantly decreased as Irs to PBP 2 plus PBP 3 increased. Significant filamentous formation and ovoid
formation of the cells occurred in proportion to increases in Ir to PBP 3 and to PBP 2, respectively. On the
other hand, significant bulge formation was seen with increases in both Ir to PBP 4 and to PBP 1 B. These
results suggest that awareness of low—molecular weight PBP, which has not been evaluate as a target of §—
lactams at this time, is required for the development of § —lactams.



