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Abstract

Bacterial tyrosine kinases have been recently unified in a new enzyme family
because of the similar structural and functional features with their eukaryotic
counterparts. Via an in vitro phosphorylation assay, the protein-tyrosine kinase Wzc
of Klebsiella pneumoniae CG43 was shown capable of phosphorylating the capsular
polysaccharide biosynthesis operon cps gene products 6-phosphogluconate
dehydrogenase (Gnd), GDP-mannose phosphorylase (ManC) and
phosphomannomutase (ManB) and the phosphorylation leading to increase of the
enzymatic activities. In this study, we generate CG43S3Agnd, CG43S3AmanC and
CG43S3AmanB mutants and the phenotypes analyzed and compared. The analysis
revealed that deletion of manC or manB decreased the glucuronic acid production but
increased the biofilm formation. Several of the ManB tyrosine residues were then
selected for site directed mutagensis in order to determine which is the one that
subjected to Wzc phosphorylation and-if the phosphorylation influences the enzymztic
activity. The subsequent complementation analysis.revealed that the manB deleting
effect could be complemented by introducing into the mutant with the ManB
expression plasmid pRK415-manB or the plasmid pRK415-manBY 26F and
pRK415-manBY341F which carrying a point mutation of ManB.Whereas the bacteria
CG43S3AmanB carrying pRK415-manBY 10F exhibited a partially restored
phenotype implying the phosphorylation on tyrosine residue 10 of ManB was critical
for the enzymatic activity. In addition, the ManB activity was decreased in the
bacteria CG43S3AmanB [pETQ33-manBY 10F] or CG43S3AmanB
[PETQ33-manBY341F] by comparing to that in CG43S3AmanB [pETQ33-manB ] or
CG43S3AmanB [pETQ33- manBY26F]. These recombinant plasmids were then
overexpressed in E. coli BL21[DE3] and the recombinant proteins purified. The

circular dichroism spectra analysis of the purified proteins revealed that the site
i



directed mutation had no effect on the secondary structure. Finally, the in virto
phosphorylation assay showed that the monoclonal antibody and Pro-Q® Diamond
were able to detect the ManB phosphorylation form and ManB phosphorylation
slightly enhanced the enzymatic activity. In addition, the S98 was found to be a
critical phosphorylation residue which is required for the enzyme activity. However,

the serine phosphorylation was not afftected by the deletion of wzc or stk.
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ATP
BCIP

CFU
CIAP
CPS
DNA
DTT
EDTA
Gnd
IPTG
kb
kDa
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ManC
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mM
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NBT
PAGE
PCR
PTK
PTP
PVDF
SDS

5B 4
adenosine triphosphate
5- bromo-4-chloro-3-indolyl phosphate
Base pair
colony forming unit(s)
calf intestine alkaline phosphatase
capsular polysaccharide
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6-phosphogluconate dehydrogenase
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kiloDalton(s)
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Mannose-1-phosphate guanylyltransferase
micromolar
millimolar
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(reduced form)
nitro blue tetrazolium chloride
polyacrylamide gel electrophoresis
polymerase chain reaction
protein-tyrosine kinase
protein-tyrosine phosphatase
polyvinylidene difluoride
sodium dodecyl sulfate



Klebsiella pneumoniae

Klebsiella pneumonia &% p F# > 8- PSR L ehfs kE F AL E A
AT A RBRRY R E 2 R LR RN AR S
AEPREE s eEE R E H 3 R B E 3R R LT ShEiE o KL pneumoniae
VAR 2 A b o R s R R e R R 2
Wl 0 L S HRE AR R B A F Lo A (Podschun et al., 1998; Brisse et
al., 2009) -

1989 # » % - txF 7 § £ L% |2 extended-spectrum-beta-lactamase(ESLB)

A 70K pneumoniae 2 FBE P AP R "FHE B EA2EED B4 - X B K
- %5 Feihdf £ 4 1 0 L1991 # 3 1993 # B 4% dr ceftazidime 7 K. pneumoniae +*
FjE 3.6%= £ 1 20%-1999 & a3 N Fla® £ 5 ESBL # ¥4 K. pneumoniae
o B iE 34% - Carbapenems & % = * K5 *sc/r-)ﬁ] % & 7% |+ K. pneumoniae

7
~

e

N Poofe et 1990 4~ Hp » 13RS B 5 carbapenems i B o
M odET kent B4 RS S T carbapenems £ 7 b K
pneumoniae > % 2004 & = F & sAken- W E B L ¢ EFIEHRICCE - Ry
# enfis K. pneumoniae ® 3~ %)= 4 2 — $87 § -k fi# carbapenems shdruf ZL F]
(Patel et al., 2008) -

K. pneumoniae % & 2. & {4p i ¥]3 & 3= % pF % %% (capsule polysaccharide,
CPS) ~ 5 % pE(lipopolysaccharide) ~ A4 #-v (siderophores):z 4 =< (fimbriae) ; %
P N2 4 BE R 47 3 K. pneumoniae fiE » A 2 (5 EEiE LB & BB 4e $ A

% 3f .2k (polymorphonuclear granulocytes) ~ 4 §8 & S5 s ¥ 5 A48 F-v

=1

enterochelin £ aerobactin 43+ & 5 8 Afrd > @ 2 &2 3

[l

b g oRe d ERER
&AL G T ag B+ > 7 orrFet Kopneumoniae #&B~ 4 5 2 Jf Uil

FOERE T Ik - MR AR A doG b kS B e BAR A A



+ % dc K. pneumoniae *h £ 8¢ G pER R B FEAI G R - ki
T EG BRI P AR Raha e A Z 03 77 (Panetal., 2008) .
Flpand Al S G A - fRend o KL 2 K26 F 34 253 o« 2 495kp
Boi & o Al o § AL MRS A KL 3313 & @ S R 20 9kp (primary
liver abscess) » @ K2 s i3] B £ % 3% = % 14 3k 5 (secondary liver abscess) 74
F](Liao et al., 2011) - K. pneumonia CG43 & - "k & 3 K2 tk » # Balb/c -]

K& 2{%8 > LDso ¥ 37 10 CFU (Whitfield et al., 1996) -

X %

K. pneumoniae CPS ¥4 3 % 6 BpE#F = £ 47 H = (repeat units)# 7 & @ = e
SRR 5 PEAT > P B il AL RER R G A oo KL 5 pER e
= 8 = % [>4)-[2,3-(S)-pyruvate]-p-GlcA-(1—4)-a-Fue-(1—3)-B-Glc-(1—], (Ho
J-Yetal., 2011) » @ K2 CPS taf & 8 = | 5 [=)4=Glc-(1—3)-a-Glc-(1—-4)-p-
Man-(3«1)- a-GlcA)-(1—], (Wacharotayankun et al., 1992) - . Escherichia coli # -
TP ERHA & AR E 2 fE b Fl2 L Bk e #oH ¢ group 1 £ group
4z %ML A E TR Wzx 22 Wzy 9528 > @ K. pneumoniae K2 % %4 & = 4
f& ¢+ Escherichia coli group 1 - 73] & a0 & = ¢ 45 4p iv (Whitfield et al.,

1999) -

-~

Wzx &2 Wzy i d Al eh s 220 pEAFEAFE ~ § - B 5 T
(undecaprenol diphosphate, und-PP) 3 # w » & & imfe p WP R B 2 BREAE
mAy k- BEAFE A WS EAFE A ¢ 5 d flippase (Wzx)#-H fEh 5o fuid
#ARE R > £ 5 d polymerase (Wzy)#-& 4 B ~ B & = § g xwea ik el
e %41 group 2 £ group 3 5 pERER & R EE hEd TR e SRR b e
e % 27 group 1~ group 4 4p 12 0 e d & 1% e 3t group 2 7 group 3 & ML S

P4 R B PN RS RS W 9 E Nt o A LSRN S st |



shifz ¥ 7 & ABC transporter sn§[ e+ » 4 ABC transporter o 42 & ph 52+ 5 5 5
RO KPSM 2 B3 iy S & % B KpsT #rie= ; KpsT £ = @‘&ﬁ-‘é’iﬁl%ﬁ.‘s—g

gl £ S pEss s KpsM 2 3 8% o 552 BRERE K R 1 -5 prasad

LN
w4

KpsM i d13-¢H (Whitfield et al., 2006) -

p @ e A 3 eh K. pneumonia Chedid K2 5 753 cps gene cluster ¢ 7 7 19 i
2z 3# +=(open reading frames) > » i 3 1 #& 45 ¥ = (transcriptional units) - # ¢ 5 4
B & ¥] wzi-wza-wzb-wzc £ E. coli sdp A F1 & 3 3 & B 7|4p 22 (Rahn et al.,
1999) - Wzi £ - #t3ded » & Awzi ¥ ¥ U RP RO B S AR BR 0 6
A F Wzi #2885 Rt mEA S 1 (T A chWza £- @ 3
% (translocon) » 4 & p 9 copk Vel s Wze L3 (8% & B o 5 pE RO
A eb s Wze 8 - fiowpi gcps o (proteintyrosine kinase, PTK) - it p S gips it 2
Bipa it B 8 F-d o @ dr Wze P st Ugd K3 4c B az & 7m0 @ Wzb feiepe 2
Hipkp* (protein tyrosine phosphatase, PTP) » 7 & sk it iiepik + & i 4% & ehmifik 19

(Dong et al., 2006) -

P PR e

¢ Aried Fenmpiic it AR E P AR R £ RO 4% £ (Hunter et al,
2000) - E 3] 1980 & 4= > fmjFehdow FAAR 22 BRER T kA AR R
(Garnak etal., 1979) » A end-v HREL 1t ke JS A F A0 E A
(two-component systems, 2CS) ~ #if& #& #% % st (phosphotransferase system, PTS) 14
Z ¥ B iR (AR i eh = éﬁﬁﬁﬂ;jﬂ\x_{/; BEPL b H-RE k3 2CS ke 21 A B
# A W enged 0 osensor-kinase &% T R SL & PIGERE T U R 2 BRELR
HAEEL A B & e i p Ponle Wepi A A b o A p SUBHEL KPR | response
regulator 2 # % enx P % spi A A3 X K posensor kinase gk 2L @ > response

regulator ergiafe 1 82 F AT FH A drrt i o PTS stk the I MEIRARE LY



Ve sy gz b oo 2 § 87 2CS B < 1A e A3t PTS ehwiph AL B2 d phosphoenol
-pyruvate (PEP)#74% & » RS BIFA A B - 32 P ndev F Y BiL > B ¥ B D
b G EME A RS RLE  FLPTSY G AR 2 BT AR R F
eha M 2 § enit it (van Tilbeurgh etal., 2001) » A% = B k4@ > gfe i ez
B Aot Eed [ensioRpl » BOREE U3 BEIREL > SRREE T 8 2 39 T AR S
4 7k Jg (Cozzone, 2005) -

BE P im e ) BEIRELGCRY 2 L ORRL S BREL 1Y iR e LT BRORERAAEL 01 2 4
it > MV F REEFFIE R e A B E o S E A LB e d £
ol mre i - % % (Fantletal, 1993) - § M J 5 bm %o chfe Vel plipe A7 7
E P] 1990 & & ¢ Hp A brbr DI EAR o % - B R IRELEERE IR % & E. coli ¢ AR
. (Manaietal., 1983) » @ % - B RAZ2 F= cnfiviacfis jofis #7 8_% Acinetobacter

1%

johnsonii ¥ 3 T > & b3 et pefibigps Ptk £ ~ 4 + £ 5 81 kDa thp A g

Fa P o BZ BRRRORH 7 L R T W BRER Y D R i T Opl YRt A
(Vincentetal., 1999) - i7 &Kk > 25 S Ptk p i dho AL L2 KILRY

AF IR e B PTKs chimpps & 5 PTPs k34 PTKs Bific i #1ig = 2 58>
PTKs ¥2 PTPs th %] % Jzaﬁﬂéﬂﬁﬁiﬁﬁméﬂﬁﬂ?%
(exopolysaccharides) 7 B 2L F1 & b 5 % 2 4= e PTKs 3 £ MinD/Mrp ATPase
FORAR DL R S B A e e R R AL B 1% T BF R IAT
dig-v B RIEHL & BY-Kinase 7.2%(Bacterial tyrosine kinase family) ; & 4 » &8 v
FAEN v A5 e BY-Kinase 4p i1 ¢hd-v F > 4 F L 2 B 1 PTKs 7 4p iz 0 #712
BY-kinase “4up@i iz ? AAR 5 — B {%4F ik de (Cozzone., 2009)

Proteobacteria BY-kinase o 4 &5+ 1 N-24 % 3 & 1 o bw %o e C-f % 328
o C-HRE e 77 B 6 4p M e Walker A 12 2 Walker B motifs » = #
F B SBRER 1 PEALBRTL 1 b Ch R o e B L B A VR A

1%k (Grangeasse et al., 2002) - 82 2% it fRAREBIRL © PF (e 428 E X F >

(S8



KIEZ B > A BHEATSS 3 3)d C-R R BT o N-2RF A bR
it E P 3 F Aa o C-xl R B JEE N-28 % 3 0T S ¥ 2 (juxtamembrane) = 3

E% 4 & 5 poephgops &+ (Mijakovic et al., 2003; Soulat et al., 2006; Wugeditsch
etal., 2001)- Firmicutes BY-kinase ~» 3 4p I¢ f]&ﬁ'] » 7 | %% Proteobacteria BY-kinase
d - B A Fr R dh- i § Pk4BdTHE S > Firmicutes BY-kinase £.d & B A F] 4

Bl T R {rfk vl s B i § Poal i iE & (Grangeasse et al., 2007) o 14

Streptococcus pneumoniae & ] > BY-Kinase d 7 % d-v Wzd £ ftisefl jgofs Wze
B T RBIRTA e b SRR N end &2 0 40 Wzd > Wze P& BB AAT

4 lmPe WORIT o » i & & U RTen § pE & % (Henriques et al., 2011) -

BY-kinase = p AL it fr o » semrpi t H v B2 p Land-d ;) E coliWze ¥
r gk i+ UDP-glucose dehydrogenase(Ugd) Tyr70- i H fi% 2 & 1434 4. (Macek et al.,
2007) > K. pneumoniae Wzcew 7 gifid it Ugd-Tyr71 > 3 4 # 5 4 (Lacour et al.,
2008) ; K,éft 7 Ugd #t > sigma factor RpoH &% 2% 3= sigma factor £» modulator RseA »
FETyrpepe it A A FIAIR - APF® T AT S BR 0 20 Ugd

pneumoniae Gnd ~ ManC 2 ManB ¥ i » X Wze gapi it 2.3 ¥ o

B B

Brfa AR R AT ManB - 55 L FHapEE o ¥ 4 LY mannose-1-
phosphate #2 mannose-6-phosphate 2. f¥ e » 2 7 3 F i 5 » 7 it
glucose-1-phosphate £ glucose-6-phosphate 2 7 z_ # 3 » F]t o i & AL 5
phosphomannomutase £ phosphoglucomutase (Goldberg et al., 1993) -
Phosphomannomutase £ %] manB &zt % pE & %L F1 A > B Ap R en A F A H &
o ogepr g RO B A S pEend £ A % 7 %84 4 :¢ colanic acid 7 building
block guanosine diphosphate fucose #t » » ®i§ % pF & e« #4] % pE <o building

block GDP- mannose ; 4= K. pneumoniae K1 % % } = fucose ¢ mannose #& i* A



% (Hoetal, 2011) > @ K2 & %R|d mannose £ glucose #7H = ° = Mycobacterium
tuberculosis ¥ - phosphomannomutase %-¥ lipoarabinomannan(ManLAM) 14 = >
ManLAM #f 12 % 4 % 4 & <4 + (molecular mimicry) > & B A A7 fEd &
C-typelectins & m & » FLlme Mg X4 o

% 2006 & > — F 4-%F Pseudomonas aeruginosa 7 ManB fi% % /& 14 F 3 77 1
Ap o gk Siovept (Serl08) A felit glucose-1-phosphate | glucose-6-phosphate
FREPFAETYEE P M4 Ed > Ak e AR5 108 sovxpimpeis > Ris
+ 1 44 1 glucose-1-phosphate iz & 6 5Lk t » 2)= ¢ B & F glucose-1,6-
bisphosphate » # 5 d & 3 fwig ¢ 17 1 5Lk 4537 Serl08 » £ 2 1 5ipd + enpiifid 19
£ 4w Serl08 - I ## 41 & = glucose-6-phosphate (Regni et al., 2006) o # 17 -
% 2009 # 3 £ e )I%:};, 41 K. pneumoniae K2044 2. ManB % 26 5pssefi b 4
FOREEEAY @ Mt FROREL T BER A RO N L F PR T 2 R B

2_ &% w7 A (Lin et al., 2009) o

6-F 5 BB L

6-phosphogluconate dehydrogenase(Gnd) &_a 7z > § fE & %8 F1 & + gnd 2k 73
i 2. A $ > i 6-phosphogluconate i % % ribulose-5-phosphate(RU5P) - * fi¥
% 4 £ pentose phosphate pathway erigiv & Jis > 4p % € & g A 312 /5 > &
F#Fmr% p NADPH cvk I e ey e 2 & = 977 & ohd Sjde - Gnd ¥ % 2 %4k
R A F R 7 % o R " %5 4p % % 4p 02 & (Nelson, 1994) - Gnd f% 4%
3D S ~ BN A L ] A5 %MJ,’;P 1 # it (Adamsetal., 1994) > p fi%
% &5 d Lys183 2 Glul90 it &+ J& : % § i 6- phosphogluconate 3 5Lt + chd
% 75 > f#-2xd NAPDH # 2 4 fir 2 » ¥ ¥ decarboxylation » 3z 41 = 5 it g & 2
% 1,2-enediol Ru5P » & 50 3 % B 4 & Ji(tautomerization)= & Ru5P (Hanau et

al., 2010) -



o BRLBE £ RAEH T

4 #¥-L-pipe & 3 kAl # i (mannose-1-phosphate guanylyltransferase or
GDP-mannose pyrophosphorylase ; ManC) £ #]£2 gnd ~ manB - F i % »% % B % %
A F Ao =¥ 4+ gnd £ manB z fF -ManC ¥ ManB ¥ fe #- mannose-6-phosphate
% & GDP-mannose - m GDP-mannose = K. pneumonia K2 & #-ihi & g4 4
<+ o GDP-mannose # 5 d GDP-mannose dehydratase ¥2 GDP-fucose synthetase i+

* i KL & 9ehpEag ~ ¢ GDP-fucose » #]¢* ManC 7 K. pneumonia
R A & A EEAnd £ & ek ¢ cManC L1t shF & 5 tmannose-1-phosphate
+ guanosine triphosphate(GTP)—> diphosphate + GDP-mannose & diphosphate +

GDP- mannose-> mannose-1-phosphate + GTP(Ho et al., 2011) -

1P
1 AT %3 A% o 3 A Ugd B iR piAL i & 3 4 i R R e - 4,
2006)*z “F > A i i in vitro ik (- § &4 R Gnd~ManC- 2 ManB » ¢ & KP-Wzc
it el e R Tt 0 BEFL Y FRORRL B AP AR % P hasr > Gnd ~ ManC
g ManB $3t 5 F 0 S K F K2 BRI £ 2 2 B - IR R

fa it ¥ Gnd ~ ManC ~ 2 ManB /& {#2 #2358 » T ml b pph v 2 prieph i 8 o



LA AR ol -t

S FIFTRR A 2L

AR EREY 2 wF RS T ENEA A - A o v R ARG S
SRR H R R A TIZHOR L PIER A Tt £ R R A F R TRA A 4k K,
pneumoniae CG43 (K2) » 4 &t p ik g 7 & (Peng et al., 1992) - #75 MET B A
%+ 37°C~ Luria-Bertani (LB; 10 g/l tryptone, 5 g/l yeast extract, 10 g/l sodium chloride)
RERZALMFHAELBEEYRAE Y 2R FEL e 2 FERZ 2
% & 3 kanamycin (25 pg/ml) ~ ampicillin (100 pg /ml) ~ tetracycline (20 pug/ml) 12 2

streptomycin (500 pg/ml) o * ** 4t b A Flu 2 24 p AR PR AT * 2 513 3%

o
N
%
N

RATHEFEPRZINBALETERE D RAFIZ P ERR SR D
*+ MBI Fermentas (Hanover, MD, USA)## New England Biolab (Beverly, MA,
USA) > 3 F i 42 i » B0 R % 52 BB TE - R A PR B F b2
% s+ B4 Gel/PCR DNA Fragments Extraction kit (Geneaid, Taiwan) #7% it » @ %
& i 2 €& 2 F 4 2 High-Speed Plasmid Mini kit (Geneaid, Taiwan) s i+ o 2 £
e A ¥ o 2 513 pld MDBio, Inc (Taiwan). & = o #75 B> & 7 k2 3k ¥
B AR @‘} #& Molecular cloning (Sambrook et al., 2001) - i3 548 75 2 2% T '

o Bl oA T 242 4 P Dower ;2 (Dower et al., 1988) -

TERERTE

TS PEKE S B 4oF © g £ eh % (Domenico et al., 1989) -+ #§ it 4o B~ 500
pl fn A3 &% R - 100 ul 7 5 1% Zwittergent 3-14 detergent (Sigma-Aldrich,

Milwaukee, WI)z_ 100 mM citric acid (pH 2.0):% ;& >+ 1.5 ml g & # > 12 50°C 4c



#0020 A 4815 3 14000 rpm ~ 2 A 48 0 B~ 250 pl R & 1 ml g HHppH

% 4°C 30 4 4 0 £ 12 14000 rpm & 5 4 4~ 4 iR o 45 12 200 pl F 4
Kw iR ek 0 4o~ 1200 pl 7 12.5 mM borax e HpSO4 0% % 0 iR & {8 A i A
5445 > FiA A 20l & 4 A 0.15% 3-hydroxydiphenol (Sigma-Aldrich,
Milwaukee, WI) o ] & # & Al & 520 nm ™ &k & > Brpl R Y § pERERL
FRESEEZ REY R TEERAN G FHEMERTE RN T R E

IX10°CFU 3% %> 5 B2 § ¥ pefspe 4 2 o

R AL EH2 o J R F BB BRI R AR
4o %4 e ;2 (Sa-Correia et al., 1987; Coyne et al., 1994) » P~z & & IPTG % %
* ol P FiR e F iR 8 0.95% 4 A A o Bl im e B iR
% =% (50 mM Tris PH7.5, 10 MM-MOPS, 2 MM DTT) & #7554 1143 L 2 F
RAELF 7 % 03t > 5 13000 rpm s 10 4 48t Kﬁz—i ) ¥ 4 R > f] 12 Bradford
2 T8 39 > B~ 5~10 ul A jEi% (9 5pg 3% H)3 750 mM Tris, L mM B- NADP,
10 mM MgCl,, 0.25 mM D-glucose-1,6-diphosphate(G-1,6- diP), 1 U ml™ G-6-PdH,
LUMITPMI 2 1UmITPGE 2 F il 5 i i% 4 » 10 mM mannose-1-P B 47
Bipet B R WA L F o & 25°C Bl ODagonm vk (8 2 i kv fa s % %

.]ﬁ—_o

ER g ALK

g e % 42 % 2 (OTooleetal, 1998) » #-Ff 33 & 2 ik 4 LB 32 & & 1:100
e A2 150 pl ¥+ 96-74 52 344 ¢ > BT 3TCH A 12 84 24 ) PFié 2 400
A FORFRE BB I%EHEBRE S 50 A& BF T RFE
Feff fs4e ~ 1% SDS % 0 e E BT BIF 60 A4 &Y SDSBIRY

ﬁm;ﬁﬂ BlRIH N Rk ik & ODsgs 2 ok fg » 3 5 4 Fo o) 2 § o 4 ooy



A A Rl Ry BERERAPBL TR AT -

K. pneumoniae CG43Agnd, AmanC £ AmanB z £ #

AR EAFIPIE L AR PRI B RILEP AT S Y Pl
AR5 AT I 2 Fl2 B RS B 4 SE1S 04 T4 DNA i@ Hepis (New
England Biolab)#-3 i) & f 3% » p A4 48 pKAS46(¢ New Hampshire « £ 4% 1
Dr. Skorupski f# %4 )@ > & F -0 £ e TR E = 8 d E. coli S17-1 A pir
i# » K. pneumoniae CG43S3 ¥ » i ¢ * &riE 2 2 % A (7 7 Ampicillin &
Kanamycin z_ M9 minimal medium(M9 minimal salts, Sigma)) & i & 7] = # 2_ £ &
 (transconjugants) - 4 #& #-%F Ampicillin 2 Kanamycin & 7 #uld2 4% & th £ 3733
%3tz 3 Streptomycin 22 LB Fligs £ A F o R @5 3 7 5 Ampicillin 22
Kanamycin z. LB F it & &V o &= =X e ih 3 {6 i 7 12 &:E % Ampicillin
2 Kanamycin #7 & & 43 Streptomycin £ Fofk2 ks & fs 0 £ ;ﬁ%ﬁ LBt ]

F e RFERLAR A FIENPIE

ManB &8 % #2 £ #

ManB 2. z_2-% % %_i¢ * QuikChange site-directed mutagenesis method
(Stratagene) % = = o ff it 2 » 23 F manB A Flz %73 48 yT&A L 485 & f5id
BF B2 > T RFF G R8I RARE (£ ) £ 2 Finnzymes’
Phusion™ % & 5122 DNAR L af W REMS 2L AF ¢ 7 - S+ 7 A 28R
AU UE ARG RERFLF LA A PREG B P
fap +7 fF Dpnl(P 5 71: 5-GmMBATC-3") k & G ATEERE2 AR o d W4ER &
i df F B2 A G RMEPE > R 3 K,f. s 0 £ 2 T4 DNA i 3 =i 5 01
Pipaz A g DA D W EG HRIMI09 ¢ F () F F LR

ManB z F]12 *24]f5 BamHI £ EcoRI #-H j& %75 4 1 yT&A T » I3 » 4
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RA\ME pET30a ¢ » £ @33 v FARwE BL2L P 2 R T ER %2 ManB 3

§

+ BRAEL B Hise-ManB vz # 8L 3 $ 4

#-2 L7748 pET30-ManB £ pET30-ManB mutant =7 E. coli BL21 & 7 7
kanamycin z. 200mILB ¢ % % ¢ 32 % » #FH 4 £ 3 ODggo & 0.5~0.6 BF » e » 1
MM IPTG # P A 512 R 6 ] P > 3 15 2 A 3700 Xg ~ #tw 10 » 482
ke % % & w73 binding buffer (20 mM Tris-HCI ~ 500 mM NaCl ~ 5 mM
imidazole ~ PH7.9)# - 3% ¥ rAg § ik & #4712 11 13000 rpm &t 10 » &4 *%
fmie g SRR 2 i B R 1T A Hisg R B0 T § i E T
His-Bind resin(Novagen) } - % s 4% elute buffer(20 mM Tris-HCI ~ 500 mM NacCl ~
1 M imidazole ~ PH7.9)#- Hisg #% &-2- 3w B fi_resin &+ ¥ 4 &1 & - ¥ 12 dialysis
buffer(50 mM Tris-HCI ~ 100 mM NaCl ~ 1 mM EDTA £ 10% glycerol ~ PH7.5)K$
2B iEARY B2 § peng S o a2 Fu H L 12 SDS-PAGE FEiu v B2

MR e

< ERARLE B Hise-WiC 2 fw%e f % 48

#=d F 4 3w F E. coli BL21 467+ Wze sw¥e 7 3 £z 4 IR 48 pET-KpWzcE23
(% =) 37°C~ 7 F kanamycin 22 200mILB 3 %% ® 2% - IPTG &% # 3o
FI~ B0 PR R PR ManB 2 B it Ap i 0 B P 2 Rt 2
binding buffer(50 mM sodium phosphate~300 mM NaCl~10 mM imidazole~10% (v/v)
glycerol ~ pH 8.0) ~ elute buffer(50 mM sodium phosphate ~ 300 mM NaCl ~ 100 mM
imidazole ~ 10% glycerol ~ pH 8.0) 2 2 dialysis buffer(50 mM sodium phosphate (pH
8.0) ~ 150 mM NaCl -~ 5mM MgCl, ~ 5mM dithiothreitol £ 10% (v/v) glycerol) = 4

A koo@ IPTG @ % 2 k& ~ v WA MR ~ BLpj iR 2 de 2 @ R G pF

11



e An e e

B2 g R RER B LR

SR PR BRI R AL HFE R L ERY 2w AR
R BAER AR AR TARR(R 9 LB 2 R A %P 05 g
it 2. ManB 22 ManB % Z-R #tk4c ~ F &% # (50 mM Tris, 1 mM B- NADP, 10
mM MgCl,, 0.25 mM D-glucose-1,6-diphosphate(G-1,6- diP), 1 U mI™* G-6-PdH, 1 U
mitPMI 122 1UmI PGI)» & f4c » 10 mM mannose-1-P {4 B 42#] & ODasg nm
2B REFE - RBFL AL EREHBAF ERAE XL E2Z B Q1> 77

ALk AU E T R F B2 T o

In vitro gz © # %

In vitro gaps it F Sk 2 FF IR 2 SR T 7= )}%(Grangeasse etal., 2003) - {4 it
4o o 4o 2 Mg flARRL BE Wze B2 Ang Frakps - 20 P 13- ManB >t 40
12 &%(2 7 10 uM ATP ~ 25mM Tris-HCIl ~ 1 mM DTT ~ 5 mM MgCl, & 1 mM
EDTA-~PH7.0)® » % 37°C kg™ F &30 » 45 > 5gts 12 95°C 524 ) 4r 42 10
LB L F s 0 3317 SDS-RP O fR R AR R A o A8 12 Pro-Q Diamond Bk

Beded T EABAS > iea 4T R0 LB 2 R

SDS-K 7 % =M i #
B SDS-R P F AR B A T 2 Fod A E 0 BIR e Fod F 4 %)(0.0626 M

Tris-HCI pH 6.8~ 2% (v/v) SDS ~ 10% (v/v) glycerol ~0.01% (v/v) bromophenol blue -
£ 100 mM dithiothreitol)> I ¥ ++ 95°C 325 1 + 4 £ 10 4 4815 > £ /L » 12.5%(v/v)
2 SDS-E 5 f fere# ¢ > 12 100V ~ 200 mA & & 140 4~ 48 - T4 = 2. SDS-R 3

BRI T RS S AL & BEA 1 - Pro-Q Diamond Bk 3¢ 4 742 Coomassie

12



Blue % ¢ & 47 - Coomassie Blue %4 ¢ 4 47 L 12 Coomassie Blue % #](1.2 mM
Brilliant blue > 45% (v/v) methanol £ 10% (v/v) acetic acid)% ¢ 20 ~ 48 > £ 1238
2 ] (5% (v/v) methanol ¥ 7% (v/v) acetic acid)i¥ % 16 -] FF » B gLk d ¥ < |

2 42 marker 2 Ap§H R (T Bk Fo a3 RILEER o

PRICBRBET 2 5 3 LR EBA T

T Acfs e SDS-F Tﬁﬁ‘iw*ﬂ %12 140V ~ 400 mA ~ T4 140 & &8R-+ 3o T
#F PR k= & ¢ % w(polyvinylidene difluoride » PVDF)+ - #:3 {4 2. PVDF %
™% — FbE anti-phosphotyrosine clone 4G10 antibody (Upstate, catalog # 05-321) i
PIRERL T 20 30 B 0 Bk § ke 2BEER R 2 % = 88 anti-mouse IgG conjugate
alkaline phosphatase antibody (Sigma) 7k = $2f8 » 5§18 40 » s P REfepr 2 X
nitro blue tetrazolium chloride (NBT)/5-bromo-4-chlaro-3-indolyl phosphate (BCIP)

PR AL G ¢ AP TR B Tl e

TIRES 432 47
B0 2 BB FIEE S R GH 2 5E TR Rk 55 (192-250 nm) A 5 o FR R
FURARIGEE A B 0 AAETATHZRB Y o SR ALl a LR
(Kelly and Price, 1997) - & Rl k2 » 477 » & R P FH & (random coil)#7 & 4
25 ¢ kK 212nm(n - ¥R itk k 195nm (. — 7RG f
Beo B4R £ 196nm(n — 7 *)FF A ¥k A E 218nm (1 — T F)FEFE L
Heomo PR Ak R 192nm(r — 7*)FA 4 ABiTEE 2 F Hs o R
222nm (n — g *)pFA 4 T 72 f oy (Manavalan et al., 1987; Kelly and
Price, 1997) F i 2 F-v - slgip i B2 M ik p 302 75 RIS LHE
P?ﬁié)]%u& Bohp set o Tt R H PRI KH AT Y AN E R AR

T2z ittt MFIES LA 4T ManB 1 2 B g2 - gfp  # % 2

13



& ® 315 5 Aviv 62A DS CD spectrophotometer » & & % Bk <& & 2 1mm > T
BEFHER 310N o AL mA L 25 M B HEFd - 30 50 MM 2 % e
A R(PHT5)® « A A7 24220 25°C 22 T i (7> & 4 £ 200 nm 2 260 nm
2 P2 KB Y -2 S FFdy 2 8 % BT 351 15 4 7 (Coligan, 2003) o R 5 i %
2 & = molar ellipticity # 77 - [0] (degree cm? dmol™)if i (6 1000)/(cl) » £ ¢ 6

AR A PE iRl 2 ellipticity(r1 ) > ¢ 3 %k & dmole/lem® > | % /2 & cm -
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FEES

K.pneumoniae CG43Agnd, AmanC & AmanB 2 ## ﬁﬁ#ﬁé\ 77

Yeflz ~ w2 T 0 #-gnd »manC £ manB Ap Ak s BLE B~ pKASAG 448 12
AR Ha PIE A W 0P HRA T & AR f iR R AL
% o 4Bl A deBls B AmanC & AmanB 2 i A fivi o] 2 BF A R T ¥
A3 AP EEFE D AN FEAPELZE -2 BV REPIRFET *£ 7 AmanB
AEpEHR2zZ G Ho X2 PEL L AR C)o ¥ > B~ o AmanC &
AmanB ¥ § PERERL 7 B P B Y IF 4 k(& B 5 11.1410.4 7 27.1u9/1x10°CFU) >
A A E 2 5k Kk Awze (13.7 pg/lx10° CFU)4p iz o Agnd BB 727 9% 4 t4a e
2 ¥ FpEmE: & £ (25.3 pg/1x10° CFU) > 8 5+ manC £ manB 4 %14 # & K2 % p&
WA EARFER A AR E LRI e B bttt 2 F pEEE IR
Fugz 4 & A (Panetal., 2011) » B~ &7 B2 thH 454 2 ¢ AmanC &
AmanB & i 0 @ % g B A FIPIFIR R A X BB F I A 4R

£ Agnd o

w5 R AT

=R AFPIg A RA 2 £ BT 2 kop FE A FIR P i o Bl HAR
Plh 2 Tl ARFRE T RFPIF R SRELRUBL R o v B%
(B4 A)® manB w4f k2. %7 £ 7 & ¥ 1%48 > manC w48 R R & PR4R 2 B % o

Agnd # 2 8x %z o m gnd w A RS B Agnd ARl 2 X7 £ o iy

=

A EAF%Y omanB wAT kL A A ARG PATE > M AE B
AmanB > @ manC w4 k2. % %7 £ 3 AR 4 o Flpt A Fcd £ 2§ 2 AmanC
LF AR ognd wATFRZ. A A S B R Agnd AP o ¥3Y manC w A R £ TR

A AR E B ANPAHIRE RFF S B A% L ManC % Iﬁ?‘%ﬁﬁ;‘é &

AmanC ¢ % I ManC > F|t s 2 w4 £ IR 85 » L % B B 222 manC =

15



T HepEgE 4 spdp 2 chen A FR % % ¥ AmanC il manC 2 *t & 7 H v %4

SPER A L2 ATL FARE Ft a2 w4 ManC @ AmanC £ 7]

P o 50 i ROR R F] 0 SR R0 5 5 2 e ManC A R 4R (W 4
-E)) - PR % AmanC 2 Z A A MRAR 0 FIR AL A AmanC (R F A B A4
i :'( ;-iﬁ%é‘ o

ManB % B & #2 1A BE

ManB Z 8L% %2 "= B 2 & §004% 07 AL ER Pk oy WzC s 1t 2
FerEt 3 RGBT & OH-BMARRL 1t L e R ¥4 3 # § OH-A2 ¥73
VRAL o F P OREL RS HE Y SRR I 0 B2 B BT R A B2 OH-A L o
ENN il i S-S - TR ] Fatp iz TR EaHE T ManB B2 F e @
TELR B2 fRiRfL ¥ 2 B3 M RhRAr T Ak W e /]§Jet‘ in 41 E. coli 2z p& i
fié s Wze 7 RS 1 Femes BERARE § 8 M2 & fe Ugd 2 5 71 5Ur s Tyr7l
(Lacour Setal., 2008) - @ K. pneumoniae 2z fit¥fk jgrfx Wzc 22 E.coli 2 fit V<fk o
s Wze & 4 % &t 1212.(50.4 %40 ) » F1ot @ Rl S A k2 Wze &% 1 &
- B G g 2F AT o A Ugd Tyrrl Big 2 vk it & 7| (HDAYRNA) & Hi
H# » ¥ & * Vector NTI program (InforMax, Inc.)* #f ManB 22 fi4x & 71| » 35 11 &
ManB "=k B 71 ¥ § @ At & R ORfL AT £ W2 B 50 A 5] 4 Tyr26 (DIAYRIG)
22 Tyr341 (DFAYCDS) » S {4 11 2 BLR %% % Tyr26 &2 Tyr341 2 % =
phenylalanine - p* *F » f L g8 3 ¢ 45 ) P aeruginosa ManB i Ser108 i
+ 3 AEELTT 0 2t 4p #2T K pneumoniae ManB 2 Ser98(® - A) - = g,.‘%ﬁa\ Sa:3
7 Ser98 ¥ Tyrl0 2z = % 4p 4 #17 > % =3 ManB 2 % /5442 ¢ < (Bl -+ B) >
717 o Tyrl0 22 Ser98 «h& & 4,28 9. #-Ser98 &7 Tyrl0 4 %] T B % % = alanine

£ phenylalanine -
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ManB B X F#/ R EBE S PFEEHL £ A2 T

WeBlL - A WA 5% A 7% T CG43S3AmanB[pRK415-ManBY26F]
AmanB[pRK415-ManBY341F] - AmanB[pRK415-ManBY26F]¥ AmanB[pRK415-
ManB]E 4pfF 2. % pE% %7 & » @ AmanB[pRK415-ManBY10F] % pE % % 3 & *%
M3 = &2 - > @ AmanB[pRK415-ManBS98A] i |- 4 2. - © &4 F s =7
S %5 £ 2. AmanB[pRK415-ManBS98A] 27 AmanB[pRK415-ManBY 10F]
Apod AR B H T F(RL - B)o - A5 R E & AmanB[pRK415-
ManB] > A4 2% @ Bl @@ xR S Flet o A A w-ManB £ £ 72 = ManB 2
& Fle 7 Y10F ~ Y26F ~ S98A ~ Y341F &2 Y26F-Y341F ¥ » % ﬂ@“ 18 pETQ33 #
78 ~ K. pneumoniaeCG43S3 # » £ » 47 > AR 2R 2 s &1L > wBl - - C>
AmanB[pETQ33-ManBY10F]f% Z 5 1+ 5 AmanB[pETQ33-ManB]z. = £ 2. - > @
AmanB[pETQ33-ManBSO8A] & 1 i} 4 d1j& 4 ;  4&F_» 8278 AmanB[pETQ33-
ManBY341F]~ AmanB[pETQ33-ManBY26F] ¢ AmanB[pETQ33-ManBY26F-Y341F]

5 pEE 5 £ 2 AmanB[pETQ33-ManBl& & » v ©§ 9= A2 - chps & s

L

ﬁLE*’E]ﬁ‘ Fu ¢

ok

U AE L FM RS ManB T R 3R §OBE R W SR D g A o

F_*

+ A F ManB £ ManB Z B X # 8 72 4 17 H g 1 4 i

% 7 Fz33 ManB 7 K. pneumoniae ¥ ¢ 4% Wzc gifik it - A PR+ 5 7 B ManB
&£ F1A e dk A & 7 ~ K. pneumoniaeCG43S3AmanB ¥ - 2 IPTG # %+ & 4
W "R P 2 Wi Fd TRT SDS-RF G B R A 0 XU anti-
phosphotyrosine antibody 4G10 % — H£& > & BLd & A 17 ’%%’tbﬁ%‘?- ManB 2_ &%

faisfeim o Bl = BEor MR T 0B D) Wze g BhigcpFcnp SAEERE T > R

&

ManB %~ & & ey 8 T (v @ 0 p| P PR IV EL > a7 ManB ¥ it &
bt ERET A AR TR A E RS - R RE 2R

ManB gk i ek o
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ManB 2 @& 7t £ Pro-Q® Diamond giat F-5 fr# £ 7 4 47

d »+ Pro-Q® Diamond Bfk 39 & % 4 # T 0 Rl 2 ferifk (tyrosine)
#Vefs (threonine) & s spi(serine) » 5 7 #F d B fRIAE & — Menid jplak &2 > 240
% K. pneumoniaeCG43S3AmanB p 3£ % £ 7> 5§ 16 1 B Bl B2 RJL R 3 49 B~
2 me Fod o BB 22 Miwre o TR T SDS-RA G AR R T A o
R A 152 SDS-R 4 AR 2 Pro-Q® Diamond %A% ¢ o £tk Rgp kst
T & 47 ManB ¥ ManB 2k % k2. BRpL 1 Rk Bl = BT “,4rt 7 AmanB[pETQ33-
manBS98A] & ManB & ;4 Pro-Q % ¢ “t » H & & AmanB[pETQ33-manB] -
AmanB[pETQ33-manBY10F] ~ AmanB [pETQ33-manBY26F ] ~ AmanB[pETQ33-
manBY341F] ¢ AmanB[pETQ33-manBY26F-Y341F] # 3.7 ManB 324 Pro-Q 4

d oo prEERT %‘*“ﬁ% 7 S98 ¢F H s ehpt hRpe E 8L R % B3 ManB ehgipi it o

FIREZ 4 7#4 #7 ManB 2 ManB B X #3572 = &8 H#

7% 4 & K. pneumoniae ¢ i€ 4 R ManB @ iE & Bk gopE 2 AL R )
£ B i SRR 1Y A 47 e aseE > A PR 37 B ManB & F14] h DNA B B
78~ # {48 pET30a ~ #73] 3 ~ 545 [ BL21(DE3)? * EF HH A (H -+ 2
A) #divigit e e (Bl-w B)o "R GTRIES LF L1470 4oBl+ T 47
7 oManB ™ 4 $k02 2 ManB ZER R g % v R B T R IOW A 2 3] A
A £ 218nm 2 208 nm P G E tCEE 0 B A AT 00 ol D B T el R AL B R

& ManB 2 i & = s e B A0 A AT & ManB B R R 7 B PH - s

-

BB H 2 ManB £ ManB 28 2 35 2 fEF /EH
4Bl = sManB £ ManBY26F 3-v% & 3LAple 2 ¥ & S dh & 2 457 i 43~44

ug % 5@ ManBY341F ¥&2 ManBY26F-Y341F & {2 4p > & A 4& it ¥) 16~18 pg

18



< B 5 ManBY10F & ManBS98A 2_ fi% % i# |2~ "% i< > ManBY10F & ~ 4 ¥ iy

it S5ug < B > @ ManBS98A RIR| 7 1 E e

In virto B2 1 7 %
LAl 2R TG FTHY s Wze ¥ #fe i CPS A 1A+ 2 A ¥4 F
¢ z Gnd ~ ManC ~ ManB ¢ Ugd ("i4— ~ %.,2006) > @ 11 & = & B4 47 5 4]
L= o it e ManB 3-v T AR Wze gL it 0 @ 5 & ATP i 3 B8 Wz
FEEfL T ManB o 8@ o ManB f7 4r Wze 2. 6% 12T TG HeSs ERpL T R 0 e
7 F ManB o+ % E R AR TS AL 0 o B AR T ;ﬂl‘ 4e Wze {4 2_#%

fe it ManB fr& 4r WzC i@ 2. ManB fept % 7wt T abg ¥ L 8 -

ManB £ g3 1 % & pEF S 1212

7R "$ v FARERY ManB it E. coli BL21(DE3) ¥ ¢ K,
pneumoniae & 3 % /& 4p 1142(50.4% 48 &) it vl g fiF Wze #raifis iv > A4 i
it 2. ManB <L 12 dk (4 gk e 5 CIAP 1 37°C g2 3004 48 > £ 4 1 {5 £ Jp) ManB %
Moo B AeB L 4 om0 2 B (Y 0 ManB TS vk 1K R EJE e ManB > AT

FAfL 1Y #30 ManB éhiE G & e e B o

72 Pro-Q® Diamond # % # #/4* #7 in virto & # * Wzc # * ManB 2 477
#* % 11 Pro-Q® Diamond 4 45 ManB % K. pneumoniae p: Z_RAEL YRR 7 A
Ser98 £ F mif&1 o @ i anti-phosphotyrosine & — (& & & & 47 7 2 I WzC ¥ &iF
R hEAE T ManBo 5 FEind - M AR %2 Bt At # * Pro-Q® Diamond
3 kA M A 4T ManB 2 gk iR o L2k Ser98 BERL{I L UEL 0 Fluk
ManBS98A s WzC 2 £ o« # S b % (rFl= L)% - AR AT E % - K

#F Wze ¥ &% 4 b BiEL 1 ManB -
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ManBS98 2 g# 19 X i iF 7

dow AR ManB A 7k S98 & it L AR H AR E Y £ 8057 7
f# Ser98 Bk I AT ¥ o FRVfk ofs WzC 2% 55 vefik - fRVRpL jpeps STK 97t ik > 34
7 #-ManBS98A % K. pneumoniaeCG43S3 Awzc £ Astk ¥« & # > 12 Pro-Q®
Diamond #if& i 39 B F K L s 47 o Bl= - - Mo 7w e Awze & Astk ¢ i
¥ 1R 5] ManB #4125 > @ 7 K. pneumoniae CG43S3 4 manB
[PETQ33-pManBS98A] * »Pro-Q® Diamond = & i i ie] 3] ManB &k i 2 2t 85 »
oz 7% Pro-Q® Diamond 4 serine 7 2 chEift 1920 B B R o @ SO8 ik 1 g

Wzc & STK & B -
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G
Gnd ~ ManC £ ManB # K.pneumoniae CG43 # $/3~CPS # £ & ¥ g2 & 7
CPS ATl Ed - ¥ERAFRES K I LWL £ 32 B3 ATHES 7
s FAKFR)2Z mFH CPSAF A LSS 4 F o33 2 CPS A FA 4
Wikt mpEe KFuRfss A2 wmEad it 22 S &322 A 77
L Eame - A Sl imazZ EgE A B SRIEINEHE ~
FETEED wE4 5 o K pneumoniae K2 & F 4] 2 9% 4 & &2 i /22 E. coli
group 1 & cAp iz » @ A FI R AFHEX L FINAARR 0 blde s X EATH L2
ManC-~ManB 2 Ugd:> m %2 § § €47 8 ~ % *H3F @,] Wzi ~ Wza ~ Wzb £ Wzc -
gt #b> f K. pneumoniae K1 & s 541 2. CPS A Fl &k » 3 1 i 4p e 2 2k F]-ManC
2 ManB 7 K1 & 53 ¢ #ris iz & 4 5 8 = & 4 B 2 — fucose 2. W B4
GDP-mannose » 2 fs £ ¢ KL 753145 2 fucese & = Z F]lgmd 4 2 wcaG #-
GDP-mannose #& 4% = GDP-fucose °
- K8 KL Z WAp b 20~ [I;Jeﬂ iptho ;"J*,% gmd £2'weaG 2. {é > K1 % %2 fucose
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E.coli:

JM109 RecAl supE44 endAl hsdR17 gyrA96 rolAl thi /\(lac-proAB) Laboratory stock
BL21-RIL F ompT hsdSg(rs'mg)gal dcm(DE3) Laboratory stock
S17-1 hpir RecA thi pro hsdR'M* [RP4-2-Tc::Mu:KmRTn7] (pir) Simon et al.,1983
K.pneumoniae: Laboratory stock
CG43 Clinical isolate of K2 serotype Laboratory stock
CG43-S3 rspL mutant, Sm® v, 2004
CG43-S3-wzc wzc deletion mutant in CG43-S3 This study
CG43-S3-gnd gnd deletion mutant in CG43-S3 This study
CG43-S3-manC” manC deletion mutant in CG43-S3 This study
CG43-S3-manB manB deletion mutant in CG43-S3
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YyT&A PCR cloning vector, Ap® Yeastern Biotech
PKAS46 Suicide vector, rspL, Apt, Km® Skorupski et al., 1996
pRK415 Broad-host-range IncP plasmid, Tc® Keen et al., 1998
pPETQ33 Protein overexpressing vector contain T5 and lacZ promoter Laboratory stock
pET30a Overexpression of His6 fusion-proteins, Km"~ Novagen
pKAS46-f-gnd A 2482-bp fragment containing the flanking sequence of ugd cloned into pKAS46 This study
pKAS46-f-manC A 2452-bp fragment containing the flanking sequence of manC cloned into pKAS46 This study
pKAS46-f-manB A 2610-bp fragment containing the flanking sequence of manB cloned into pKAS46 This study
pRK415-pGnd KpGnd coding sequence with promoter region cloned in HindlIl1/Xbal sites, Tc® This study
pRK415-pManC KpManC coding sequence with promoter region cloned in Hindl11/Xbal sites, Tc® This study
pRK415-pManB KpManB coding sequence with promoter region cloned in Hindl11/Xbal sites, Tc® This study
pKAS46-pManB KpManB coding sequence with promoter region cloned in EcoRI/Xbal sites, Km® This study
pKAS46 -pManBY 10F pKAS46-pManB with single residue change of ManB Y 10F This study
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PKAS46-pManBY 26F
pKAS46-pManB S98A
PKAS46-pManBY341F
pKAS46-pManBY 26,341F
PETQ33-pManB
PETQ33-pManBY10F
PETQ33-pManBY26F
PETQ33-pManBS98A
PETQ33-pManBY341F
PETQ33-pManBY26,341F
pET30a-ManB
pET30a-ManBY 10F
pET30a-ManBY26F

pET30a-ManBS98A
pET30a-ManBY341F

pKAS46-pManB with single residue change of ManB Y26F
pKAS46-pManB with single residue change of ManB S98A
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pKAS46-pManB with double residue change of ManB Y26F and Y341F
KpManB coding sequence with promoter region cloned in Kpnl/BamHI sites, Km~®
pETQ33-pManB with single residue change of ManB Y 10F
PETQ33-pManB with single residue change of ManB. Y26F
pETQ33-pManB with single residue change of ManB S98A
pPETQ33-pManB with single residue change of ManB Y 341F
pPETQ33-pManB with double residue change of ManB Y26F and Y341F
Hise—KpManB (Met! to Lys**®) cloned in BamHI/EcoRl sites, Km®
pET30a-pManB with single residue change of ManB Y 10F
pET30a-pManB with single residue change of ManB Y26F
pET30a-pManB with single residue change of ManB S98A

pET30a-pManB with single residue change of ManB Y341F

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study
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pET30a-ManBY26,341F pET30a-pManB with with double residue change of ManB Y26F and Y341F This study

pET-KpWzcE23 Hise—KpWzc(Arg*'-Lys'?) cloned in EcoRI/Sall sites, Km~ %, 2006
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515 B 5](5'—>3")
Gnd-A-F TCTAGAGAGTTGCTTTTGCTGGGTCTTTAC
Gnd-A-R CCATGGTTTTCGGCAATAACTTCTTCGGTC
Gnd-B-F CCATGGTGCGTGATGTCGTGGCGTATG
Gnd-B-R GAATTCTCGGCGGTTTTCTCCATCAC
ManC-A-F TCTAGATGGCGCAAACCTTTACCGAATG
ManC-A-R CCATGGTGGATTTCAAGGCCCGAGAGTC
ManC-B-F CCATGGAGCACTGGGTCATTCTCGCC
ManC-B-R GAATTCCACCAGCAGCCACGGGATC
ManB-A-F TCTAGACCGCGTCGCCGAGCAG

ManB-A-R CCATGGGGTGCCGGCGTCCATCAG
ManB-B-F CCATGGACATCGACACAACGGACGGTATC
ManB-B-R GAATTCTTACGGGTACGGTTAGCATCGAC
pGnd-F AAGCTTTCAGAGGTTGGAGCATTTGGTTAG
pGnd-R TCTAGATGACTGGGGCGGCATATAAAG
pManC-F AAGCTTATATGCCGCCCCAGTCAGG
pManC-R TCTAGATGTGTCATTCTGCGATTTGTCCC
pManB-F AAGCTTGCCGCTGCGACGTGGTG

pManB-R TCTAGATTAAAATCTGACCCTATGGCTCCC
ManB-F GGATCCATGACACAGTTAACATGCTTTAAGGCT
ManB-Y 10F-F AGGCTTTTGACATCCGTGGTGAACTG
ManB-Y10F-R CAGTTCACCACGGATGTCAAAAGCCT
ManB-Y 26F-F GAGGACATCGCCTTCCGTATCGGC

ManB-Y26F-R GCCGATACGGAAGGCGATGTCCTC
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ManB-S98A-F GTGACGGCGGCCCATAACCC

ManB-S98A-R GGGTTATGGGCCGCCGTCAC

ManB-Y341F-F GACTTCGCCTTCTGCGACAGCGG

ManB-Y341F-R CCGCTGTCGCAGAAGGCGAAGTC
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GDP-4-dehydro-,

G-deoxy-D-mannose

GDP-Tucose
NADP' NADPH

EH

ﬁ OH OH
- and ~
/\/%ro Lt HQAKY\D"
OH

D-ribulose-5-phosphate

‘\DH
H

O=T1=0

OH =
OoH OH ©

D-gluconate-6-phosphate

M-~ $pxwE~pdSps Gnds ManC &2 ManB %812 F J& - }* B4 A

& = 2 #j%(Hoetal, 2011) -

K1 % p& % % H -~ GDP-fucose 24
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-246 1409

pGnd-F pGnd-R
1073
>
—> A —> B <
Gnd-A-F Gnd-A-R Gnd-B-F Gnd-B-R
-1125 137 1211 2411

)

2000bp 2000 bp

1500 bp 1500 bp

10000p 1000 bp
750bp 730 bp
500 bp

300 bp

= ~Agnd 2 2 fE B reil e B2 2304y i gnd %'ﬂi"l“% 4 0 513 4 Gnd-A-F
/Gnd-A-R r Gnd-B-FIGNd-B-R % # FL FPI1% » 513 pGnd-F/pGnd-R * 4 1 v
AR BT 2315 5 BT 2R e prad g R RFGRA TIPS 0 AL 5 K
pneumoniae CG43S3 ¥ # & » 2 & A AL 48 pKAS46-A+B > 3 = Agnd ; BT +
MRS PR A R e Mtg P A FIgnd > 77 1 5 K. pneumoniae CG43S3

Pr4 ¥k 2 5 4gnd > 3 5 4gnd [pRK415-gnd] -
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-191 1424

pManC-F pManC-R
1052
>
—> A —> B <
ManC-A-F  ManC-A-R ManC-B-F  ManC-B-R
-1010 128 1202 2476

2000 bp )
1500 bp wt 1500bp wt
1000 bp
1000 bp 750 bp
750bp 500bp manC

manC-
500 bp

Wz ~ AmanC 2z = #.2 FisR o Bl L 3045 i manC %ﬂ;"]",ﬁ%?ﬁﬁ N
ManC-A-F/ManC-A-R §= ManC-B-F/ManC-B-R # L 5] 5| % > 31+ pManC-F
[PManC-R # ¢ 3 15w 4% fh FTA4R 477 2515 5 T 2 00 R & el 4 K AR S
FPI% - 77011 5 K. pneumoniae CGA3S3 #7.4 1402 5 f # i ' 4 pKAS46-A+B-
3% AmanC; BT - MR & fFib 4 F BFEine RiF P A FmanC s 77] 1 & K.

pneumoniae CG43S3 ¥ 4 &k » 2 = AmanC > 3 5 AmanC [pRK415-manC] -
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-339 1387
pManB-F pManB-R

1009

>
—> A —> B <
ManB-A-F  ManB-A-R ManB-B-F  ManB-B-R
-1311 184 1211 2363

2000 bp
1500 bp

2000 bp
1500 bp

1000 bp
manB- 750bp

wi Wi

1000 bp
750bp
500 bp

manB-

500 bp

W1 ~AmanB 2 24 f RSy o Bl = P04 i manB AT PIF A 0 515 #
ManB-A-F/ManB-A-R - ManB-B-F/ManB-B-R * %:‘ﬁﬁwwf » 51 3% pManB-F
[PManB-R * *t 3 15w 4 & Flak g 7% 2313 BT 2 R L R4 F AL
30 l&% #7711 5 K. pneumoniae CG4383 B+ 2 112 5 A #1418 pKAS46-A+B>
3% AmanB; BT - R EpF A F R B P ERAFImanB 771 5 K

pneumoniae CG43S3 ¥ 4 tx » 2 5 AmanB > 3 % 4manB [pRK415-manB] -
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Wildtype dgnd dmanC dmanB  Adwzc
e

10.0
95
9.0 4
2
S 8.5
8.0 4
/ — e Widtype
> O isemis gnd mutant
75 / —————— WZC mutant
i —_— manC mutant
—_—— — mangE mutant
7.0 4 T T T 4 :
0 4 8 12 16 20 24
Time(hours)
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® - ~ K. pneumoniae CG43S3Agnd, AmanC £ AmanB R #+k2 £ RA| A 47 0 ¢
o Wze Biphigcpr & o 3B 37 § B % Ween4 & = (Lacour et al., 2008) » F]p#t Awze 3
AP HFTIE AT S RS £ B gl o A IR & 37°C
2_ |tk 2 4000 rpm s Tt 5o~ S o v R ITR BN S B FEY LB HE

BRARICHA 16| SR Co v EFAHKRAE LY R o
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Quantification of the glucuronic acid

15 - '|'

10 1

Glucuronic acid content(g/10° CFU)
B

Wildtype dgnd  dmanC dmanB  dwze

b

W=~ 3R~y pmp 2B e d 47 £ 2R %5 500l fg &

B AL AR R RSEARERBRRS 2 S B 3-hydroxydiphenol & ¢ 5 » Bl &
A A f ODsyp T 2mkif ) ¥ 4Ry §PRmpMEREs i kiR v
iR A? § MR R o P SRy 4 1x10° CUF 2wmEAZF PP g2 T F

PRAEFE 47 2 o
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Biofilm formation assay

0s

0.4 -

0.3 4

OD 5551

0.2 4

0.0 -
Wildtype 4dghd dmanC dmanB 4dwzce

BN~ 2503 S04 2R R £ 2 Firs 100 BAFELSE » 063442

B
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3

a3
S—
—
—

&

8

Glucuronicacid content(pg/10° CFU)

- I
1 1
10 -
1]
1 2 3 4 5 &
0.50
0.48 o
—
=]
- 048
- =<
[
-
a
O gasl 1
0.42 4
0.40

W1 ~ K. pneumoniae CG43S3Agnd, AmanC & AmanB w4 R &% A 47 LR 5 4L
M2 R pRKAS 3 P AT * T 73402 0 B A TSR BRlE
FE R 7 B (A A 52 i 4 (B) o 7 7] 1 CG43S3Agnd[pRK415] ; 2 »
CG43S3Agnd[pRK415-gnd] ; 3 » CG43S3AmanC[pRK415] ; 4 » CG43S3AmanC

[PRK415-manC] ; 5> CG43S3AmanB[pRK415] ; 6 - CG43S3AmanB[pRK415-manB] -
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: * m_

Y1
) m1 10 | =20 30 | 49
ﬁﬁﬁ“gfﬁ:’ﬁ‘f‘m‘.‘:’ggzg‘ (1) MSTAKAPTLPASI FRAYDIRGVVGDTLTAETAYWIGRAIGSESLARGEP
Mo Klabsiella prewncrias € () mmmm e MTOLTCFKAYDIRGELGEELNEDIAYRIGRAYG-E FLKPGK-
e Bscherichiacol R MKKLTCFKAYDIRGKLGEELNEDIAWRIGRAYG-EFLKPKT-
ONserved anmmoac (0] M LTCFKAYDIRG LGEELNEDIAYRIGRAYG EFLKPG

) 50 el 70 80 98

. (50 ¢ 3 k
ﬂﬁ ;‘:ggf;;:":“"”“?;f’ggfs?l (50) CVAVGRDGRLSGPE LVKOLI 0GLVDCGCOVS DVGMVPT PVLY¥AANVLE
prewno (41) -IVVGGDVRLTSESLKLALARGLMDAGTDVLDIGLSGTEEIYFATFHLG

fz‘o‘ﬁ z’:;"”"?”"‘:ﬁ" w3110 (41) -IVLGGDVRLTSETLKLALAKGLODAGVDVLDIGMSGTEEIYFATFHLG
anino () IVVGGDVRLTSESLKLALAKGLMDAG DVLDIGMSGTEEIYFATFHLG

598
MaB Proud sosaPAOI (%9) 99 | 110 120 130 147
ManB Xebsiella pressmnaas CG43 (2 GXSGVMLTGSENE PDYNG FKIVVAGEI LAN-~ -~ EOIOALRERIEKND
LD E el pmamaras s (89) VDGGIEVTASENPMN YNGMKLVRENAKP I SGDTGLRDI ORLAEENQF PP
prser gl (89) VDGG IEVTASENEMDYNGMKLVREGARPI SGDTGLROVORLAEANDF PP

(99) VDGGIEVTASHNPMDYNGMKLVREGAKPISGDTIGLRDIQRLAE NDFPP

a«

) (148) 148 160 170 180 198
ﬁﬁ ﬁ‘g"f’;:m “m!i’mgg:s?l (143) LASG-VGSVEQVDILPRY FKQOIR---DDIAMAKPMKVVVDCGNGVAGVI
ManB 3;:;.”:: m’é"ﬁ?’%‘i‘m (138) YDPARRGTLROISVLKE YVDHLMGYVDLANF TRELKLVVNSGNGRAGHV
c rwd‘ ¢ ‘u‘ (138) YDETKRGRYQQINLRDAYVDHLFGYINVKNLT -PLKLVINSGNGAAGEV

ONServed anuno ac (148) YD AKRGSL OI IL YVDHL GYIDL NLTKPLKLVVNSGNGAAG V

N\

) (187) 197 210 220 220 245
gﬁg;;@;:mmggl (188) APQLIEALBCS—----VIPLYCEVDGNEF PNHHEDPGKPENLKDLIAKVE
ManE Bka' k?";l.“;'%‘}‘w (187) IDEVEKRFAAAGAPVIFIKVHHOPDGHFPNGIENFLLPECRODTADAVR
Ca md""‘? a id' (18¢) YDAIEARFKALGAPVELIKVHNTPDGNFENGIENPLLPECRDDTRNAVI

nserved aunoae (197) ID IE RFAAAGAPV LIKVH PDGNFPNGIENPLLPECR DT AVK
(248) 246 260 270 280 294

ManB Pseudononas aeruginosaPAO1  (222) RENADLGLAFDGDGDRVGVVINIGT IIYPDRLIML FAKDVVSRNEGADI
ManB Kebsiella pnerenoiae CG43  (228) VHOADMGIAFDGDFDRCFLFDDEASFIEGYYIVGLLAEAFLOKOPGAKI
ManE Escherichiacoli W3110 (235) KHGADMGIAFDGDFDRCFLFDEKGQOFIEGYYIVGLLAEAFLEKNPGAKI
Conserved aminoacid (246) HNADMGIAFDGDFDRCFLFDD GSFIEGYYIVGLLAEAFL KNPGAKI

(295) 295 300 210 220 220 243

MaxB ;’::‘f"g""“’ aerugnosaPAOL (281) 1r DVRCTRRLIALTSGYGGREVMWKIGHS LI KXKMKET GALLAGEMSGH
siella prewnoniae (285) THDPRLTWNTVDIVTRSGGOPVMSKTGHAFI KERMROE DA IYGGEMSAH

:‘:‘“'3 i’:;"”"?”"“ﬁ" w3110 (284) THDPRLSWNTVDVVTAAGGT EVMSKTGEAFI KERMRKEDA IYGGEMSAH

onsexved anino ac (295) THDPRLTWNTVDIVTAAGG PVMSKIGHAFIKERMR EDAIYGGEMSAH
Y341

(344) 344 290 20 370 280 282

ManB Pseudoronas aeruginosaPAOI (320) VFFKERWFGFDDGIYSAARLLEILSODORDSEHVFSAFPSDISTPEINI
ManB Kebsiella pnewnoae CG43  (324) HY FRDFAYCDSGMIPWLLVAELLCLKNSSLKSLVADRQAAFPASGEINR
ManB Escherichiacoli W3110 (333) HYFRDFAYCDSGMI PWLLVAELVCLKDKTLGELVRDRMAAFPASGEINS
Conserved anuno acid (344) HYFRDFAYCDSGMIPWLLVAELICLKD SL ELV DR AAFPASGEIN

47



' (3%e) 293 400 410 420 420 441
ﬁﬁ g‘g".";;””“’ "‘""f’”’ggf:,?l (379) TWTEDSKFAIIEALORDAOWGEGNITT LDGVRVDY PXGWGLVRASNTTE
ManB z‘ h’*‘. ;?’”‘m"l‘m (383) KLGNA--AEATARIRAQYEPAAAHIDITDGISIEYPEWRFNLRTSNTED

sehenciacolt (382) KLAOP--VEAINRVEOHFSREALAVDRTDGISMT FADWRFNLRTSNTEP

Conserved anino acid (3%3) KLAN EAI RI F AAA IDTTDGISIDYPDWRFNLRISNTEP
C —
(442) 442 450 480 477

ManB Pseudomonas aeruginosaPAOI (428) VLVLRFEADTEEELERIKIVFRNOLKAVDSSLEVEF
ManB Kebsiella pnewnoriae CG43 (420) VVRLNVE SRADTALMNAKTEEILALLK------=~~
ManB Escherichiacoli W3110 (429) YVRLNVESRGDVPLMEARTRTLLTLILNE-------~
Conserved anuno acid (442) YVRLNVESRAD LM AKT 1IL LL

Legend g o helix
0 pstrand

[*]
\ -
a7 —~

(Catherine Regni et al., 2006)

W ~ ManB B 5 ¥ & = B B HIERIA 45 o (B A) B 74 47 85088 Vector NTI
program (InforMax, Inc.)# +7 P. aeruginosa PAOI - K. pneumoniae CG43 £ E. coli
W3110 2 phosphomannomutase "< & B 71| » ¥ rreifh el it &7 b AR 2

T e PMM 2 = Bl dp 1t = B g4 4 47 4 2 PSlpred (http://bioinf.cs. ucl.ac.uk/

psipred/) A 47 HIFER] 0 A F HRIER T IR R 2ZORAKGE T L Bl- nR
2. T > - (& B) P. aeruginosa PAOI phosphomannomutase fi% % # {+3% =2 * 4§

‘% t(Catherine Regni et al., 2006) - = & = S108D - + &l = Wild type -
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Glucuronic acid content

3 4 5 6 1 2 3 4 S 6
0e
05 -
g 04
%
A
Q 03
(o]
02
0.1 -
A\»u/é\ul‘l)A
1.8
2 [ o
1.4 - P
o
12
s
A
(@]

200 200 400 500 €00 70¢
Time(sec)

dmanB [pETQO33-manB]

dmanB Awzc{pETQ33-manB]

dmanB [pETQ33-manBY10F]
dmanB [pETQ33-manBY26F]
dmanB [pETQO33-manBS98A]
dmanB [pETQO33-manBY341F]
dmanB [pETQO33-manB Y26,341 F]
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WL- -ManB R B2 2RS4« L wiF HRPIFEL B ManB 2 2R %558
TamERs 2 (A 2Fe it (B) frrmpizina i sl (C).
7 7] 1> CG43S3AmanB[pKAS46-manB]; 2 > CG43S3AmanB[pKAS46-ManBY 10F] ;
3 » CG43S3AmanB[pKAS46-ManBY26F] ; 4 » CG43S3AmanB[pKAS46-ManB

S98A];5° CG43S3AmanB[pKAS46-ManB341F] ; 6 CG43S3AmanB[pKAS46-ManB

Y26F -Y341F] -
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Wze(Met!-Lys'?)

ManB(Met!-Lys**)

M1 2 3 4 5 6 7 8

100 — SnAa Ay Pl N \NZC(I\’IG'(I-LVSDZ)
70 n 3

> ManB(Met!-Lys**)
40

W+ = -~ ManB peokpi 7 #L 2 8% 8% ManB gipk v 2 §2 58 - #3467 ManB &2
ManB 2% %tk 2 % {4 pETQ33 & 72 1 K. pneumoniae # i 12 IPTG 3 3
0O &R Pe2 e v JP0U SDSRP A Al B A E B o £ 2 anti-phospho
tyrosine antibody 7 B ManB 22 H 7 8L R iRz FEfL bR o 77 1 CG43S3
AmanB[pETQ33] ; 2> A manB[pETQ33-manB}:3 > AmanB Awzc[pETQ33-manB] ;
4 > AmanB[pETQ33-manBY10F] 5 5 AmanB[pETQ33-manBY26F] ; 6 - AmanB
[PETQ33-manBS98A] ; 7 » AmanB[pETQ33-manBY341F] ; 8 - AmanB[pETQ33-

manBY26F-Y341F] -
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KDA M 1 2 3 4 5 6
70 ~
55
I B B B B B \ManB(Met!-Lys?%)
40 - - e - ® o B e - e
35 St C— : D O

.

15

ManB(Met!-Lys*3¢)

aypApril 11, 2012 - 450 PM

W-Lt= M Pro-Q® Diamond #p& i 3¢ F ¥ L 4 A4 ¢ 447 ManB i =fik
08 TB-RBH ManB gt 2 ¥ - 1 % iﬁ§%§ PETQ33 ~ & # 7 ManB & #
2 B8R % k>t K. pneumoniae CG4A3AmanB ¢ » ¥ B #pL 72 AL e P~ 2 8
v F 3417 SDS-J P W et T4 0 SEfS £ 4 w12 (A) Commassie Blue £(B)
Pro-Q® Diamond BEEL T Fov B KA BIA ¢ X 445 ManB BRpL 14 2 ke {7 7]
1> AmanB[pETQ33-manB] ; 2 > AmanB[pETQ33-manBY10F] ; 3 - AmanB
[PETQ33-manBY26F] ; 4 - AmanB[pETQ33-manBS98A] ; 5> AmanB[pETQ33-

manBY341F] ; 6 © AmanB[pETQ33-manBY26F-Y341F] -
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 Hisg-ManB(Met!-Lys#5¢)

© Hisg-Wze, (Arg*1-Lys2)

KDAM 1 2 3

70

55 - e e e - - anB(Met!-Lys?%)

40 . 41T v722
. - chyto(A1g4 'Lys )

35

25

K
W-te ~ £2%9 ManB & Wzc 2 3 F AR 2 W1 o 2 4 {48 pET30a-
ManB % # B:7% 5 k27 pET30b-Wzc ** E. coli BL21[DE3] + & # W18 2~ 7 34 %
v o0 J5d resin ¥ it A 5 Hise-taq 2o & 2 %9 B {6 1 SDS-PAGE & A~ 3> £ 14
Commassie blue % ¢ 245 « (A)= & £ Rt hd 39 & > (B)# it 2 Hiss-ManB %
H 8L R 7 Hisg-Wze - 7] 1 > Hisg-ManB ; 2 » Hise-ManBY10F ; 3 » Hisg-
ManBY26F ; 4 > Hiss-ManBS98A ; 5 » Hisg-ManBY341F ; 6 » Hise-ManBY 26-341F ;

7 » Hisg-Wzc -
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ManB

ManB Y10F
ManB Y26F
ManB SS8A
ManB Y241F
ManB Y26,241F

OmE40e

Molar residue ellipticity (deg cm? dmol!)

wavelength(nm)

WL ~BiehE e ManB Fv 2 IS A o T L3 K2 v e
A 25°C 2 T WAL R 200nm £ 260nm 2. kgL o B R HE A 5
25uM P 436 Hi3 > 50mM Tris-HCI -3k ¥ o & Bk & 2 fcfp 1 = < Frds

2RI T AT -
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€0

40 4

a0 4

20 4

pumeole/ min / ng

0 T T

B+~ Bt Hise-ManB 2. & BRI 2 o % it ManB -9 B i fif & & 1R
Z_o (77] 1> Hiss-ManB ; 2 » Hise-ManBY10F ; 3 » Hiss-ManBY26F ; 4 » Hisg-

ManBS98A ; 5 » Hiss-ManBY341F ;.6 » Hisg-ManBY26-Y341F -

55



KDA M 1 2 3 4

100 | ——
70—
5 T P S Hisg-ManB(Met'!-Lys#5)
40 .
S HisgWzey, (Arg®!-Lys'™)

35

-
5
25 |

1 - 1.22  1.23  Hisg-ManB(Met'-Lys*¢)

KDA M 1 2 3 4

Hisg-ManB(Met!-Lys*)

40—
Hisg-Wze g, (Arg*!-Lys'2)

1 -~ 278 353 Hisz-ManB(Met'-Lys*)

WL = v &3 5B A 35 Hiss-ManB 2 gk 1 o Invitro Fifs i 9 5k 12 b 4o fe %
e efi Wze 222 584417 » & 37°C 2. 7 F Jig 30 4 4515 12 SDS-PAGE 7 & 4 3t
Mefitpepe Wze 2 2 2 B ManB > 1 4w i * (A)Commassie blue £ (B) & - [+57%:%
FEFL T eiRfhz pitliz 6 3 B SJ 2 A 45 o 75 1 Hise- ManBA &2

ATP ; 77| 2> Hisg-Wzc £ ATP ; 73] 3> Hisg- ManB ¥2 Hisg-Wzc ; 7 7] 4 » Hisg-

ManB -~ Hisg-Wzc &2 ATP -
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50

40 1

punole/ min / pg
B

T
ManB MenB+Wze

WL~ ~ Invitro g it R % 3> Hiss-ManB f% % 73122 £ 5 - ManB % in virto
2B T 8 e R e WZe Ao 30 A 48 0 TB< 1 ug AJR 5 2. ManB it & s

HiREE o i+ & X B (GDP-mannose-1-phosphate)z_ ik = » F2 Bk i 72 1 &

I

fed AEE 2 F Mo AP % 25°C 2 FF B0 # 100 )& - =it & ODag

Y

2k PR S 600 e AP PR A 2 e 3 bk R ¥Ht
%2 B R AR BARBE A p LA B o 1 B AR T

% ugManB = & 482 F ik B o

57



18 4 T
16 1
o
_ 12 4
-
-
= 10
-
— 5]
@
p—
e 8-
=
E. 44
2 ]
a T T
ManB ManB+C AP

WL 4~ Invitro3 Biak it R % > Hise-ManB & 75 122 8 28 -ManB in virto
2 IR BT 22k ek s (Calf Intestinal Alkaline Phosphatase : CIAP) * & 1 /] B »
T BT R J2 s 2. ManB ffif & isdibleE o s £ % F(GDP-mannose-1-
phosphate)z_ i =& » K BEF2Z R R 2 pEF A L2 F 0 o AP R0

2 g Rd2 5N 2 In vitro s IV F AP e e

58



70w

55 " S W Hisg-ManB(Met!-Lys56)
40

35 T WSS WSS Hisg-Wze g, (Arg®l-Lys2)

M=+ Pro-Q® % ¢ 2 A5 His-ManBSI8A 2B 1+ « & 23 In vitro B i
P B Lo b FrIREL iE WIZC 20 SN 47 0 6 37°C 20T F i 30 A B 1
SDS-PAGE T i & it i fefis Wze &2 # X 77 ManBS98A » 1 4 W] i¢ *
(A)Commassie blue 22 (B) Pro-Q® Diamond #%fx 1 Fv FHEEABEFL S 2 4
17 o 7 7] 1> Hisg- ManBS98A 22 ATP ; {771 2 » Hisg-Wzc 2 ATP ; {7 7] 3 > Hisg-

ManBS98A &7 Hisg-Wzc ; 771 4 » Hisg- ManBS98A ~ Hisg-Wzc ¥2 ATP -
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KDA M
100

70

53 ManB(Met!-Ly456)

40

35

KDAM 1 2 3 4

ManB(Met!-Ly s*36)

W= -~ ERORpR R & SRR FORRRGEEF 2 A F] )% H ManB Bk 1 2§
oo 1&? 8 pETQ33 4+ ManB £ 711 4 w# 3| 2 K. pneumoniae Awzc £
Astk # SFE AR # % 3 ABLFEBFEPLE B9 37 SDS-RF i fei=
W A o WEis R A w1 (A) Commassie Blue #2(B) Pro-Q® Diamond &k 1+ F-v
B¥ kA A % ¢ ¥4 47 ManB Ser98 z gipt itk fi o 75 1 K.
pneumoniaeCG43S3 AmanB [pETQ33-pManB] ; 2 - K. pneumoniae CG43S3 Awzc
[PETQ33-pManB] ; 3 » K. pneumoniae CG43S3 Astk [pETQ33- pManB] ; 4 » K.

pneumoniae CG43S3 AmanB [pETQ33-pManBS98A]
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18¢—ManC

H
I. «” His-MaiB
w | |

| - +— His,—Gnd

"— ™ His—KpUgd
ST S E——

“ték— ~ Invitro B i R B o - it erGnd ~ ManC ~ ManB 2 Ugd £ it sipic

efis Wze (5% o 3 00 R p R ELETA § s a2 [y-P] ATP & S T o Ak ik vk i
Femfh 12 Fed 6 4§ desfai R ¥R % o 77] 1 Hiss-Wze(Ser*-Ala™) ;
2 » Hise-Wzc(Ser**-Ala’) 27 Hisg-KpUgd's- 3+ Hiss-Wzc(Ser**’-Ala’) £ Hisg-Gnd ;
4 > Hiss-Wzc (Ser**-Ala’ 22 Hise-ManC ;5 » Hisg-Wzc(Ser*"Ala’™)

Hise-ManB ; 6 » Hisg-Wzc (Ser*4’-Ala’®* £r Hisg-Yor5 - (2 , 2006)
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OPO,*
OPO,* OPO,* 180
HO HO. 80°
78NS 0
OH H HO
OH —_— OH . O
0 - OH
2- OH
OH O5PO~ger108 0P0Z HO~ger108

CO"‘PO\SenOB

G1P - E-P — G16P - E — G6P - E-P

l (excess G16P)

B G16P

‘ték= ~ W f# Pseudomonas aeruginosa PMM/PGM z_ it £ Jig o (A))4
glucose-1-phosphate % = & B it PMM/PGM 2 & Ji{etit 642 - B ¥ m L5 @ &
# $ glucose-1,6-diphosphate 180° g2 @ #h » pe 3% & F g7 7 Bk 2 A 3 o
(B)C14 1% 22 3 BXX B glusoce-1-phosphate & PMM/PGM it it & % = glucose-6-
phosphate 2_ i 47 %.iE & glucose-1,6-diphosphate 2. i% i = » glucose-1-phosphate

# % = glucose-1,6-diphosphate ¢* B¢ &% ¥ 33 & Jis -
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Step 1
Plasmid Preparation

Step 2
Temperature Cycling

Step 3
Digestion

Step 4
Transformation

‘ﬁ&-_}_ ~

v
&7

)

\
N

\\/

//f N
\%/

Mutagenic
orimers

/ Mutated plosmic

(contains nicked
circular strands)

mutagenesis instruction manual, Stratagene) -

63

Gene in plasmid with
target site (@) for mutation

Denature the plasmid and anneal the
oligonucleotide primers (.#) containing
the desired mutation (%)

Using the nonstrand-displacing
action of PfuTurbo DNA polymerase,
extend and incorporate the
mutagenic primers resulting

in nicked circular strands

Digest the methylated, nonmutated
parental DNA template with Dpn |

Transform the circular, nicked dsDNA
into XL1-Blue supercompetent cells

After transformation, the XL1-Blue
supercompetent cells repair the
nicks in the mutated plasmid

LFGEND

— Parental DNA plasmid
% Mutagenic primer

Mutated DNA plasmid

W% QuikChange % 8% %2 B £ 142  (QuikChange® site-directed




3

R2 R
— e
manB >—)

B
Complementation plasmids Primer length (bp) gene(s)
PRK415-pManC F1,R1 1686 manC
pRK415-pManC-I1 F2,R2 2237 manC
pRK415-pGnd-ManC F3,R1 3344 gnd, manC
pRK415-pGnd-ManC-ManB F3,R3 4746 gnd, manC, manB
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