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NMR Structural Genomics of Klebsiella Pneumoniae
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Shih-Chi Luo, Yuan-Chao Lou, Sheng-Kuo Chiang, Yun-Ru Pan, Chin-Pan Chen
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Based on the statistical analysis by the Department of Health, pneumonia is one of the top ten cases
causing death every year in Taiwan. Klebsiella pneumoniae (KP) is one of the top five pathogenic
bacteria that cause community and hospital infection of pneumonia in Taiwan. In some immuno-
deficient patients such as diabetic, KP forms opportunistic infection and causes septicemia
combining with Pyogenic liver abscess. It is estimated that ~ 10% of these patients accompany
meningitis and metastatic ophthalmitis. Recently, on the basis of the epidemiological investigations,
the drug-resistant mutant genes of KP have been found due to the misuse of antibiotics, and even
evolve into new strains which make lots of difficulties on therapies. It is therefore that the National
Research Programs for Genomic Medicine (NRPGM) lists KP as one of the major bacterial
researches that should be pursued. Our laboratory, a member of the KP functional and structural
genomics projects of Academia Sinica, has selected several target proteins related to virulence and
drug-resistance factors, as discovered by Dr. Shih-Feng Tsai in NHRI, for structural study. A variety
of biophysical techniques, especially high-resolution NMR experiments, will be carried out on these
target proteins. It is hoped that the 3D solution structures of these target proteins as well as other
biophysical properties could provide valuable information for drug development on therapeutics
related to Klebsiella pneumoniae.
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S (AT RERE (Klebsiella pneumoniae, KP)
J& A R IR G AR R (Enterobacteraceae)
e TR (AR AR [ - SEIR D BRI
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KP ZFARGYE AR — - HZ8H) 57
BERRED Ry 25 EEDTEE AT B TE - TEIER S oY
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BRI R 2 A2 B A 1 S A - R K R % 3% (extended
spectrum b-lactamases, ESBLs)" » &% 28 A PT 21 o
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1. ZEEFERVHR

ZEFERYFERE (capsular polysaccharides, CPS)
TEBEE KP BHIVRINE - B —fEflERE T
J5t > FAH R S & BRI (uronic acid) » CPS |
HIERMEARRC AT CAGE KP BARGMERIN  MESIEEE
RIS R BRI A R - AN - PRFGE & R
FEREEE TR K HUF (K antigen) » £ KP CPS
FIMERI LIS — ~ 8 K HUR (K1~ K2) REB0%
77 BT Z mannose-o-2/3-mannose Y f5TE
AN SRt P el A > R 3 e v (s A B
BHAEPIEW (anti-phagocytosis) [E]HF N AEEPLIILE #%
BRHYIRE

2. 5 HEeE

HEZ4 RS (lipopolysaccharides, LPS) {7 {EAH A
BE B4 CPS HEIEN - fHCEITEFEIRE A - %
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3. #EPfEF (Fimbrial Adhesins)
TR E £ 2R - MR /E RN 21 AT
b ERE - MRS E D B TR ARRIDIRE -
A A A 2ot AN A B AR R 0 R
BB - KP Hi AR — KR =S
Mt EH - B —HHEEZBNREAE mannose
sensitive FJFE - HEEABE2ERE - B
5389 lectin-like protein » {555 & IRALMIK LAY
N-acetyl-D-galactose-like receptor . FH{'E 1M 2 4= 541
[MBREEEEAIFRE © & mannose {7 (ERRFE HIHIBLELIMT
REA G EIE - 55 =1 E 2B mannose
resistant HUFHE » BEAAEEE - B ERLIMERAVEE SR
[ HEANE <2 mannose fA{EELAG 522 © HANEHIE
MRERIFEIT & H > 41 CF29K B KPF28 4 -

4. & #HER (Siderophore)

BN HUFKHY AT (iron acquisition system) © [t
MR A R - AV E ST 5
M iy WY B AT ST > AT LA 43 B enterochelin DL K2
aerobactin Fife + KP A F F ISR AHE il 2 B na 250
77 » BAIA enterochelin i 7 EL 75 AR L R AR 4D
fr o EPFIRIEEEIY ERT - B AR ERIZE
SEEREHE I NE > BEHAE AEHEK
enterochelin HYRE JJAIHH B HY 05 1431 fEAHRER - £H
1A enterochelin > aerobactin ¥ B 207 T H B

Fimbrial adhesins
Type 1 pili

Type 3 pili

KPF-28 fimbriae
CFK29 (nonfimbrial)
Aggregative adhesin

sal Siderophores
(CPS) enterochelin
aerobactin
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HIE B HATERYERE © BT 0 aerobactin HAA#I{ER
AR E AR - R E A SR ITRE
Hoo fLAh o BESR aerobactiny {F{EHIRSCIREE TR
W esterase 7K > TERFRISHEE T Einte E AT
EEHNA - 1 H. > 145 Nassif 1 Sansonetti FJIH5T
ZEIH Y > AT aerobactin FYEEKE Klebsiella
pneumoniae FHY K1 B K2 [M7E T B RRAHEH AR
% HERENESMER KP FE L (siderophore-
negative) > HIlE LB iR AT DAFE/ N B BE R AR i 15
= b 2 3R B B sm By 2o ) o H Bk m] 38 B
aerobactin ¥ffA Klebsiella pneumoniae WEIFREE 117
EHEEAE -

5. ;&I EF (Serum Resistance Factor)
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BERNERFIIE > WHEIZEREREEHE 5110 {E
R HERAIEE 312 [HER - EERERENE
JE Fra B se ik LR R B RS R E TR R 2
Ao TS B A A I R RS A R AR I 4 - B2
Structural Genomics Research Consortium —
http://proteome.bnl.gov/ ; New York Structural
Genomics Consortium — http://www.nysgrc.org/ ;
Northeast Structural Genomics Consortium —
http://www.nesg.org/ ; Berkely Structural Genomics

Center — http://www.strgen.org/ ;5 Structural Biology

Industrial Platform — http://www.sbip.org ; RIKEN
Genomics Sciences Center — http://www.riken.go.jp/ °
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T o SE (8 E B S TR AR R A A R R E B
EAEHEEEEIRS) - =il X St —AiapiE
baz GRESE - B2k EESWEE) - —Hlli
REOEEERE (SEER) - L—HHEMEH
HEE (EREHLER) -

Ry TR KP Ais [ZAHBA PR RO b -
VRS HRRERE R T E R R P E B R
HETTH RRAR S B RE BT 5T - AGTERVEIERE
ERE LI B i = UR E KP BRI E LR
—EZEERGRE o IR EE E RS RE
PAENEFFYfE#E (sequence homology modeling) /5 =,
TR TR 2 D HUR IR S - REREELThRERY
TR 7 AR 4B B AN D RE B s R ) 2 I AH (DR BE Al
GREZI 2 -] A=liNpS TS S =N |
REFTE R WA LR EEDES
(protein space) WHYEE H'E A Al REdTE /=0 » &
TR = H BRI — 55 5 TR = 2 2l A R
HERE o PMTE B T B ROt R E
HE HERYILRE ARG - BEE RrrI iR e 2 At
0 DU RHR IS TR MO a2 B A -

M~ IREEEARYE

MREEED = ST A P A R oo B (0 IR R AR B
FE S EE R RS 22 L M H (http:/kp life nthu.edu.tw) ([&
3) HHHYPTEE M B B S A A — 3Bk
HET 23 RN GR 1) > KR KP ATRETETGFEE
T2 > ERIE S g M B B 7 RE T TAH R B
PRIEED I 15 LAES B RS 5 BR ER M - S5 24
HHHE A EE A ER - HPa =(EER0
PUEEMEEE (KP2657 ~ KP3573 ~ KP3357) » R {
BRYSEER (—E2EREEH KP0633 > 55—
{22 R Te 8 FH KP3393) ©

KP2657 ~ KP3573 ~ KP3357 47 A/ multiple

antibiotic ~ polymyxin LK albicidin resistance &
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ANERF B A B A s s - — RIS - AR
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fEH - BB I AEREREL > #laEE
B-lactamases » [t fg 32 0] LUK fi B 400 cepha-
losporins ~ penicillins 2 aztreonam SFHYPTI4ZE > R
A Kiebsiella ¥ E. coli FEIM - TEPTAERIIZHT
EHEMAERAAEE - HEH 2B E SRS
(plasmid encoded) Tfizk" o 25 —FEMEHIZIRHIHTAE
FE AMEREE S - BIA0FE U vancomycin
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Klebsislla preumanias is & gram-nagative sntaric rod and a wel-known pathogen of nosocomial infactions

and irfactions in compromisad hosts I the past 15 years, however, & new type of invasive K. praumonise

disease has emerged in Taiwan that typically presents as community-acquired primary liver abscess in patients

ot biey rac diseases o otrr rra-abdomina irfections. K- psumoniae s th orly pelhogen cen be

identified. S L,p sis sydrome and bacleremia are common, wilh melastalic meningitis or septic endophthalmilis

complicates the course in 10-12% of Diabetes melitus, which can b 1l

detected in about 50% rest had o apperent undevM

s imvasive K. preumoniae disease s

pnel b
Strepiococeus preurnoniae as the leading pathogen of community-acaired bacterial meningits in acut. Afthough
the fesponsible K. preurnonle strains were Unformly susceptible to all cephalosponns and aminogheosides,
morally a5 high as 10-20% for primany lver abscess and as high as 30 - 40% among those vith meningls has
been reported Invasive K pneumoniae disease in Taivan is a new threat to public heath and deserves futher
atention and siudes
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il (A% RE (#EHERR) | I8
KP2657 72 1
KP3573 81
KP3357 221
KP3486 127
KPP267 151
KPP270 192
KPP271 191
KPP265 194
KPP254 213
KP3007 198
KPP136 228
KP0633 156
KP3393 160
KP2343 74
KP2344 119
KP2345 72
KP1881 83
KP3077 135
KP2622 157
KP2342 222
KP5468 137
KP0088 176
KP5266 70

PIEEMtEH

W W[ W[N] W WIW|IW| W W I~

pentapeptide Y3 —HUAE M= ZHTEEMERI H Y
@ M:@Tﬂ%ﬁ?UELL{*HﬂIE’]T(%L‘@ R ilieli
Y porin EEESMERTTIAETEBA - DURFIH
efflux pump FEHTTAE SR GEHT R AR L O HEHH -



KP0633 2R ENEYR &N » R T Hi4E
FHEASL - IR R S e —HE
HIBE T2 » B 2R mE M - ERE
HRTEME: - DU ID 2L - B sl i & s
SN R

K3393 th2 M ENAE R TEN » BIkwg
B R DUHE R O R B - B IR
e IS 37 R 15 B - R TREA S E T
0 AERE T+ IR E H (CSPs) HIRINE S
w0 > Hrp CspA #EE R RR EEAERN - HK
#E F 2l [ER A A R g B - A AR
HEERFE Ry CspA IR RNA FE6& o H H T # b
BARRE - EAJEERE—1# chaperone HIF
B (HS KT e AR (E B S A R -

5 REEEARE - FEREZREE
PRy RE A R

ORI E A AR SRR S e E
BRI R REE AR DNA HESIGEE - FLEHE
F| pET & HEFIHAH (Novagen) & > UL E. coli
BL21 R E M E A B M - fEERER
C Ui 26 /N B EAYAEIZ % His-6 taq LUP R —
AtEEE - R AERNEE e —2 L - Bk
R R AT ERE D8 - EREE T ARG E
EPRAERAERIN 37 FE & 100 ug/mL Ampicillin 9
LB broth &1 > EE] ODg, {EHEE 0.6 t& - HHER]
LI#% 1 mM IPTG (isopropyl-D-thiogalactoside) #75%%
KB HIFRR =/ N - BB R ETREE O N 2K
% FI#E @B (50 mM Tris-HCI, 1 mM EDTA, pH
8.0) » ARTR S BRI EET T - AN BB WGE
frEAEM L fFeEERZLL SDS-PAGE
Eil ES/MS HGE—4 31 &3 HrEdffesd -

N K UC R EEEEAIIRRERESE |
g/L "NH,CI Fl 1.5 g/ "C-glucose Y M9 KzEELf)
EREEE - HAh > BT RSFEERE
FAHER S5 TR TEE%E (fractional deuteration) ©
7R B R RS B IR R ZKIRRER K - AR IR
JRFIEE LI ELER] 90% DAL > AIFEREsE R
8 3 AR IR A A B R S e < A b - At

— REH T ERE ST ESR FEE i E R
TJRF o R ITRRE R E G E L (gyromagnetic
ratio) FLRIFRTFE/NMRL - B EIEFEREUTR T
Al A S EMEE (‘H—'H dipolar relaxation) &
AEMEE (H—'H scalar couplings) i pf) H fig—
H figitii#% (spin-spin relaxation) RN - 11 H €
— B gt R - A BT - FHRRYAE
MrEEthE s - bR AR E S E R FEE
HERPEE S E G EE) -

N B-'rEttEEaEERER

T mx E IR

RPN GEAMRE=EE T (~ 1 mM) B9
H » REBERLLE T EHEEEREE (circular
dichroism, CD) ZRAEHIE #4518 - #H i1
ERGE T (UIFEER ~ pH (ERIRES) MEAER
W o A DUE Bh R MR R 5 B VAR i B A
PRI M - BT HRE 298 K
(+)-10-camphorsulfonic acid (CSA) f&Z1E » — i E kg
AIEEFT /R | mm SEIRAYLLEERE - NEHIRE AL
20 mM HYE VAR  FlanE 4 F KPP267 {8 F
pH {E THY CD StRtE - fEa%E n] LB HZEHTE
pH 4 Fll pH 6 FYEREE B A TEAVRSE (£F 205 nm
B 220 nm FRAE) - FnE iJREEZRG 1Y
EHEE R > W R E e E RS pH (E

2000

1000

-1000

[6] (deg cm? dmol™")

-2000

T T T
200 220 240 260

Wavelength (nm)

4.7 & KPP267 A& R RIERMR{L T 9 CD # 8 k%

# o
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EENEA LR ERERGER - 50T 8
PN/PC [RIf BAEE I E R - — IR ERE R
EEE 1 mM > BB 250 uL > SEERY 90% LA
b BT ISR A eRE - & BRI R 2
FE A B B T N ([ S B R AT P S R -
ErEBEREH SR ER S TECENER
Y > — RIS TEAR - SR A R T
TR - st 2R R B T B RS
T8 R R r ARG R HaE IR ZE 10+ 2/ iR
25 kDa PATNHYZE FIAEHE o AT 2082 i RS L IR SR
MR » S EA N RYERTT DT AR_EatfsE -
HIRHSME RS - B KRR
REAAAT EE AR AY - BREE S AT HYAS X ([ 5)
HEMAHTERERE ST - A > B IRER
TS BRI sa B RS T ROELL > BEE R AT
{5 FH ARG 90 R G W £ 1R L8R U g mT ARG A
RlRACAIVUES - At —RAE IR E B A - £
mn A HE R B SeI e — o BRI AR
HIERE - EH S FERANEHER MG EHE

B IR S RE S B BREN AR 2 M

@ e@ e@? o|® °0 ofo »° "
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B 5.% @& KPP270 &9 —# 'H— "N HSQC 3% - #|
A —fE 4K EE 0 600 MHz A% a5 IR1K (a) & A
B B AR KR AR 38 69800 MHz 4% 7 3E IRARIK
% (b) > B T A EAH 800 MHz 4% 8%
PRAR IR 04 T AT AT
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HIBha » R —R RS FEEHBETEENSEFEE
B o B RE RS E Y 8 U B SRR AR R R
SEEHE RHIRLE « PRI E TR IR E B
WS SR B a0 B BE A S0 T BEBE AL L ED
53 S FHREE T I A B A B A A B R R Pl P
AR 0 B SR RGBS 2 B AR S
AR I A/ MR AR SR E S
AR A R » SRR SR it
g o T AT R AV KR BEEE (cryogenic
probe) > AU S A BEERRE 25 K > I HA
BRI o R RE R ERIRXUE -
R PRTE B B ] DG B — R BRI TR (FE K
BEAIIRIET) -

HRITAE 5o = Fra RO L dF R B R 17 2 be
B RHEZ B E R SIS TR S R A% D R RZ R
HIRERE RIS (8 6) - LW HE AL a4
ARG - —7% 500 MHz ° =% 600 MHz > F—
75 800 MHz » H.r—% 600 MHz £ 800MHz fit!fi
i EEFE - 5 7 EEEFEIE 800 MHz F%igtH:

6. TEE B KA 2 & 8 9oy s ridy ik etk
R B EIRAER - BOREH LS
MoEE R LR 0 — 4 500 MHz ~ =4 600
MHz > A —4 800 MHz > £+ —% 600 MHz
% 800 MHz Befi A A2 K IK 5 -



% 2. H] Bt AR KR AR 2869 800 MHz sz IR R UK £ & & 4k &t KPP270 (22 kDa) &#% 3D titay 5% e
B AP B > fafede > A8 3D Sbik4at

TN

PALT 12 R X34 o

. AE HEREAE T (ppm) HEANEE (complex points) FRF [

3D B Scans o

F1 F2 F3 F1 F2 F3 F1 F2 F3 (NEF)
HNCO e °N 'H 16 36 16 96 32 1024 8 11
HN(CA)CO “c °N 'H 16 36 16 96 32 1024 16 22
CBCA(CO)NH e "N 'H 66 36 16 120 32 1024 8 14
HNCACB “c "N 'H 66 36 16 120 36 1024 24 48
C(CO)NH e "N 'H 70 36 16 110 36 1024 16 29
HBHACONH 'H "N 'H 7 36 16 110 36 1024 12 22
HCCH-TOCSY 'H “c 'H 85 36 16 110 64 1024 16 49
NOESY-HSQC 'H ®N 'H 15 36 16 256 52 2048 16 96

RRHERE D) —HARETE (~ 03 mM) K
TR (~ 22 kDa) FYEE BT, tHAEEEE e
FVEMRY =AEERE - KRR T ISR E 25
kDa HJ5FERRH] o 32 2 51 H T B i KR HREEr
800 MHz #ZRgHAREIEE & ik KPP270 (22 kDa)
A 3D RS RIS BEE M AT BRI -

N EREREME
A HETEA
TERFHIE EEMREE "C/°N R HEENEH

BRMATET =M HE - EESRENWELES T
H"C N R e ELEErES - FIFE

ZREFFIER—

A

% L%
TH Chemical Shift (ppm)

7.% & KP3573 #) HNCACB = 4 BB AL E -

SR E T SRR SR i (ERE IR SR % E
i+ | EERENERESRT L A RRAEA
%EAQHDJ:XWE’J%%M’E RN LIS AT X

53 Lxlttﬁﬁ %E{ 959 THIMERR TS > (F
REMRIRNE P HE N I C Uiseh T E RS2 R ]
oL trﬁﬁ{j%fﬁﬁ o Lfmﬁ R FTREIIE )
BT R AR SRR R 5 SR A I R
W o EREIAGER - & 7 BlE&EH KP3573 B HNCACB

$13 A14 815 L16 c17 R18 V19 V20 L21 Q22

i
T,

)

—

83 79 82 76 88 87 9.0 84 93
'H Chemical Shift (ppm)

9.2 97

8.%& & KP3573 #) HNCACB #» CBCA(CO)NH
KA R B A R ARKE (strip
plot) © CBCA(CO)NH BB MK E & kT > K&
AR KB C, #1 Cp 09K > Wk
HNCACB B > TTE A2 A Tear— 18
AAE C, (&) ML Cy (4 &) wh3R3E - A
BB RGE MR T R A& G B RNE A
FIE o

ﬂ
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9.%& & KPP270 ~ KP3573 $2 KPP267 & — 4
'H—"N HSQC *3t 3 ={E&&E B a4 &
TR T BRGERFIE -

=REEROLREE - I ER (HNCACB H#
CBCACONH) ATiltEE2IIERSE - B mT LR 278
FFHAEEA S TFATERE BRI LM (B 8) -
REBHECRSER = KP SR E B LA
BAGFHIE (B 9) - B4MEHE "N NOESY-HSQC
(I 10) B N TOCSY-HSQC FI =LA e » Foff
A LGETEHE 5 THHIsE L2 EE (& 1)
IG5 NOE RGN » MUBEREETERIERE - B
HIE Dotk ie 85l B LG P H 2 iR
F2E @l - HI4] AutoAssign"” ~ CONTRAST"” J
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#C Chemical Shift (ppm)

"H Chemical Shift (ppm)

10.% & KP3573 4 = e B LB (°N
NOESY-HSQC) °
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NH Chemical Shift (ppm)

11.KP3573 # "N NOESY-HSQC ¥ TOCSY-
HSQC ek E - 4z &4 % "N TOCSY-
HSQC > TTHRFICHLRGIE TR
Mk 2 &Kk "N NOESY-HSQC » T A
R G T M6 NOE FRAEME - b &4k
HECELE

GARAN"? % « RE BB NMRView"”
KAFHTIEEE » K2R smartnotebook " 1F 18
AERVEEBIIES - NEESTEN—EEE HE)
s T W e T e P MR AT AP R =HERRE > EE
BAERSRIG N - AIERR R E R Rt iy fR



It - TEFHIESERZ % 0 1RIE H, ~ C, > Cs~ CO
K N WEEALRE o A ] ) AL B 72 FE A
(chemical shift index) 2RI L& HE Y #4514
(& 12) > AE—HLL TALOS™ RI5H |8 (IE IE &
T 5 4L EETH 5 (¢, w dihedral angles) FIPRHIERLE

N~ BEEERBEE

(B AR R AR R 0 2 1B = MRS R T R A R
PR 24 NOE ~ S A K s gitE — R
R - BT B S LR E AR R SRR g
ST — R = ARER G (LT 7
ERUEERR EGHE - — R =0 S
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Residue Number
12. =BT BlAR$e & g o CSI —4 & 7anl e -
1& % KPP270 ~ KP3573 ¥ KPP267 » & CSI
0y &5 R T ATAR] KPP270 24 13 18 B-3E4k
12 18 ¥k 454 KP3573 48 K% 7 18
B-¥8 i KPP267 BIA 6 18 o-#E5% -

BERTES)  HEEHEHA/ NG KSR AR
A 25 > AR SRS A N F R
A PRIAR S (R AR - FRAFIBE R RE
EHIHLEE A BRI 0 - SERAITERETH
=2 YT e e 2k A - K VA i R B R 28 R R T
K ZEP R G SR SR T AR R & T — i
MR G T RIS  EESHRH R EAES - B
ATE B TR E B B RS -

DL TR S B R AR B R A S S - EE
MR PR R T i —(E 0 s
T o T A5 B — {8 = R AT 1 = A S 1 T AR
NOE [EHE-HIIS - NOE HISUE R HEIRIR T4
H IR R AR A ERPmER - HA/ IR 1%
EIRRE R ST R EL - k2 R (i €U TR RviE
BB - NOE Ye3E A S I E 28 i 15 e ik it
58 o Nt NOE ZUFEA BERERY LFR - mH e ge
EHEVNA 5 A WIEEBEFTERA) NOE ZUFE - it
TR R —(EREZE 10 (ELL_LAY NOE R
R T RETS B — (I = AR AT P H = AE RS - AU
G ROERE R R R UE 1 E R =AERE R > &1E
E8EAEE D B RS E SR TR
NOE FRAFIEE A o M40 A7 1F fife £ 3R S PRl /Y 52 ik
NOE W€ » BRI E R EEEERE
BEEEE T2 R AT I ER A B A EHERE -

ARERZLE NOSEY HREHHE EFr T AN
W RAETT 2N A B B CYANA"
ROHEAH L - CYANA #%5& 7 HE) NOSEY Y
FEHERFEREET EIYTIRE - 1 NOSEY YREHFIE
Lo BRTIRBCEGROMEBHIESN  RER
HEE A T HIRENL (network-anchoring) HJTR
W& o FrEBRIfaikE g2 © (R& A~ B~ C =&
TR R R Er - B X B/
A BTHY NOE 722 YIighy - TETEIAt AT LIS X
BT B~ C MEE TR NIE > WREHT - B
FHLELE NOE 2 W& B R e E YRR MIMEF > W1
WEHER > AIENFRE X BT/ A B 1 NOE
X IERTAIERE » RS EHER RS E I -
B AR TE A7 Y SRS R ARER A T HE) NOSEY Rt
HIEH RS > thi# CYANA BB H e AR
HIEE) NOSEY S5 HIE fIfE &t BRI -
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bR T L EAf ISR BN Sh - TR ARALI
R B S R th A R 5 T R S I PR SR AT HE R
HAP RS H 8L (residual dipolar coupling,
RDC)"” o] 32 i B E A ELFE R o (HAEALRE S,
IR E = HEAS S AT PR FHAEY NOE ~ B /4 f &
% He/ N EIRIRE e - RS TEBEXK
o HASH AR @SR (domain) i DAH
(loop) FHHEAERTAL » MBI PEER 5 AN B R B A A
LA NOE Hyh&E#d - 5HE A H & B & 5
HIFHE O BN E S EE - 1 RDC A LOHIE R
T B e RGBS G 152 —THEEHE
iz ERIBREI R - WIAF T U NOE Ay
/'ﬂ °

BAFEEAEEEEEET - 8% E
Jié i R R A R A 5 e SR i %1 [ Y L S B
1Y 1) & B RG  RIH AR A A R A+ HBAGR
AT AT © (D) = C(3cos’0 - 1)/2r > (D) 2k
EREEEHE - ¢ 2—HELRIVER > 0 2k
R RZ B Al R B T R S A A r R T
PR o & HEVARRAE — IR EA R - B
FHEENEEELEY - ORI R R R R RS2
MR - SRS HBHRERS -

ANEAE 1997 1 - SEFEEESE A, Bax {58 /i
BT EARIZE - MEREE R MALER [
[E@#fg ] (phosopholipid bilayer) » 35 2L fig 54EE (F
VAT B AEEI [bicells | » 30 HE (VA W iEAgE %,
Wi, (liquid crystal) FYRIRE > (S EfE TR LAY RERY
VB o EEE S TREENEHIR T AR A
M SB/INA T — IR A — BRI 1
EBEE O FILE REEGEEESEE - BT
ABREEIN - BRAERITSE 2R R LR B B e
fEES T thE R A PEST "™ - 5[5 RDC
RHNE -

1£ RDC EHAYEM I > BETtERE T2
A BN [F 45 RDC {8 » Hrp DL IR —
# (‘"H-"N) ) RDC {H : Dy B HEE - B0y
FHEHETT H 2EMLAY HSQC Yt - fekateh
FHEAE X 1 AR S R E A g2
B RZEM R RDC L 'H A °N fE &
o H R UN A E G B A R
VAR E TR R E B E n &1 > AHER—
PLERER M ATHE S 15 225E 'H-"N #4511 RDC %4
1B (& 13) -

RDC HYEERS /A i o] DU 2 & H Y /R

(@)

isotropic solution +5.3mg/ml Pf1
T69 T69
G81 G381
-92.50 Hz -91.71 Hz
-94.57 Hz 95,12 Hz
G20
G20 T71 A
9445 Hz 93.30 Hz -116.83 Hz A21.33 Hz
()

8.0 75 7.0 8.0

'H Chemical Shift (ppm)

104.0

105.0

106.0

107.0

108.0

109.0

5N Chemical Shift (ppm)

13.'H #1®1%1b 6y =4 HSQC K3 »
VA G20 A1)

28
AE
SN

(a) £ A& —fFAKRERY B () &R ZAANT P RS 6K
— R R T LT R 6y 455 -94.45 Hz >

FE s ek By AL ~116.83

Hz » W9 £ 44 © —22.38 Hz %% G20 8 'Dyy RDCHA © [ (b) 45 &3 51X, & 4% A RDC MR&14& 4P B
HRey BT & > Bak &3R5 BE R ME A RDC IRAMEMHTHER -

28  BEHHME_TLEEMNE 95.2




(3 ATREFOLARHEAINEFOTRA LGSR IR MR AR A aTey R -

Yield Backbone | Side-chain
1 *

ID Annotation M.W. | Express (mg/L LB) NMR assignment | assignment
KP3573 polymyxin B resistant protein 10 kDa S 20 ok finished on going
KPP270 | putative phage 1r.1h1b1t1.on, colicin re?smtance 22 kDa S 100 ok finished A

and tellurite resistance protein
KPP267 tative phage inhibiti lici ist
67 | putative phage inhibition, colicin resistance | o\ S 50 ok finished S
and tellurite resistance protein
KP3393 putative cold-shock protein 19 kDa S+1 30 ok
KPP265 | putative phage 1ph1b1t19n, colicin re@stance 22 kDa S 20 ok
and tellurite resistance protein
KP1881 cold shock-like protein, cspD 10 kDa S+1 5 ok
KPP271 | putative phage 11'1h1b1t1.on, colicin r§s1stance 20 kDa S 150 ok
and tellurite resistance protein
KP0088 heat shock protein 19 kDa S+1
KP5266 cold shock protein 8 kDa S 14
KPP136 | probable tw.o-compo.nent-system i I Low
regulator involved in copper resistance
KP2622 putative heat shock protein 18 kDa S+1 150 ok no structure
KP0633 putative heat shock protein 18 kDa S+1 35 ok no structure
KP5468 heat shock protein A 16 kDa S+1 15 ok no structure
KP2657 multiple anitbiotic protein 5kDa no induction
KP2344 page shock protein C 14 kDa no induction

* S : soluble protein, I : inclusion body

(R A ) SIS 5 IR A A A R > SE AR
PERIIR B B ARSI T B E KEE) - —
TR RS RS BRI A S TR SR - FTld
FeEEELgr R HISE R AAHE NOE MY EEfTHIE
BB EANIHER) NOE Py K &I - Fin
A RDC HIFRHMEAETIEE » Fr AR SE—
(E = AT R VB =S - A= R AR
% Pf1 Ff5 3 RDC HYSVE - MR EE TR
{E&EHEN "Dy RDCIH » K EFAZIFERETE E (E
13)*" > DRI BRI F R i 2R . KP i R A

EROWT T 2 B -

+ ~ 1558

FIHATRIE » AFTRETAE—F > HMTER
= BRI EEE R H s I B R EAR E
BHRIAHT (& 3) > K= Ea IR T
T RBES » EREEEEATLUERS MR

fif (well-dispersed) H—AERZREILHRIEE » FKoiELE
EHEAITERIFIHERE > BRCSekAafER
HY#E HSQC JtgklE - HrbH =& Hry%
HERGRE IR L E R (55 2) RS RIEESE S - 7
FIEEe55E - FRAPHIIER]SERGE = (EHE 25
BWEALBABREZEFAE (& 9) » HPEmIE
EHIVHISEE T LN ATTER - BIRE ARERS
SHERIREES (KPP267 B KP3573) » fHEEAEHE
ARSI E G2 T BT LURIRSEHOE R
EEH S TR EBRERHEEE -

TEIL - BRI B R g S R R a2
HUEER > IRBIR ER RS A B IE NI NMR £
J[ERHE (core facility) » i A RERLEHEE 600
MHz Fll 800 MHz NMR {25 » lf 25 {5 #8 (K VA 1
UH - JELEEAR B KP HiGEEREEG T S 7o
B IR IR - A7 S SRR H LA T
% - REMCR KP EFERAZS IR EEYIER AT RuEERE
Al IR B AR ZEY) 2 s b &) -
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