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Heparan sulfate is a ubiquitous glycosaminoglycan in the extracellular matrix of most
animals. It interacts with various molecules and exhibits important biological
functions. K5 antigen produced by Escherichia coli strain K5 is a linear polysaccharide
N-acetylheparosan consisting of GlcUA betal-4 and GlcNAc alphal-4 repeating
disaccharide, which forms the backbone of heparan sulfate. Here, we expressed and
purified the recombinant KfiA and KfiC proteins and then characterized these
enzymes. Whereas the recombinant KfiC alone exhibited no GlcUA transferase activity,
it did exhibit GIcUA transferase and polymerization activities in the presence of KfiA.
In contrast, KfiA had GlcNAc transferase activity itself, which was unaffected by the
presence of KfiC. The GlcNAc and GlcUA transferase activities were analyzed with
various truncated and point mutants of KfiA and KfiC. The point mutants replacing
aspartic acid of a DXD motif and lysine and glutamic acid of an ionic amino acid cluster,
and the truncated mutants deleting the C-terminal and N-terminal sites, revealed the
essential regions for GlcNAc and GlcUA transferase activity of KfiC and KfiA,
respectively. The interaction of KfiC with KfiA is necessary for the GlcUA transferase
activity of KfiC but not for the enzyme activity of KfiA. Together, these results indicate
that the complex of KfiA and KfiC has polymerase activity to synthesize
N-acetylheparosan, providing a useful tool toward bioengineering of defined heparan
sulfate chains.



(SR - 1)

Fﬁﬁﬁ%;\}:% /Er\ §+

200 9 1%0%0 420, 000 1, 820, 000
201 0% 1, 300, 000 390, 000 1,690, 000
201 1% 1, 000, 000 300, 000 1, 300, 000

FIE

FHE

=
o5

i 3,700, 000

1,110, 000 4,810, 000

WHIEsr 8 -

Pt D43 - M E - EEs - fE A

F—U— K~ Hr | BEEAGK

1. WFFEBHA S WO E 5

TV ay )7 U Bk, 2 BEOFENAS
Eu,nb%mﬂ%iﬁﬁf%w IEREIZAS
WCHEFIRB RSN Thihvd 2 & THEAK S
hé bOFEOMEOMIEFEmIZIE, & b
o Va3 )70 by LE UL R
ST HEENGTEL, TNOEAKRT HBEFED
FEPREINTHD
KIGEK 58I, Z Dk o—> T,
~o"m Y U A ORI IZEE - TE
D, FNEAERTDHDiE, Kifa, KFiC v )
2ODEHEOEAKRTHD EHMEINT
W5,

2. RO HEBY

KIBE K 51X, ~ ¥ U HEH %2 2 O
EmMIF->TEY., TNLEEMKTLHOIX
KifA, KfiC &9 2 >DEAE LOBAK T
Do

AWFIEIE. T D 2 DOEAEMD BPEAEK
IR T 5 Z & T, 20@%@5%%%&@
BRI DIEMEIC AR BIZIT Y EHE ST
wéﬂﬂﬂ%/%ﬁAﬂ%$@6%®ﬁ%
BKIEAD = ALEZHENZTHI ETH
Do ZOWEEEU T, MANTALS AR5
HEGIICE & DRG0 EAEE S
BRI L DRI A D = XL E AT 5
ZEEHEBLTWD,

ﬂ cooH "‘ﬁnH
| Juy
N N . &
N NS
c—P—0—p o o T
Hac | N oH a
o o
UDP-GIeNA Oligosaccharide acceptor
-GleNAc

Kfid
GpgS

KfiA
Grg§

Kfid
GpgS

Kfid
GpeS

Kfid
GpgS

Kfid
GpGS

(Heparosan)

Oligosaccharide
(Heparosan)

KfiA OFEZE K

KfAEGT-AREERTEEE R CpeSD | RABHE LB

MIVANMSSYPPRKKE 15
MTASELYAGDLAGGRAPGALPLDTTWHRPGUTI GELEAAKAGRTISYYLPALNEEATIES 60
H3 w im e

LYHSIQSLHAQYDKINLCLN----EFEEIPEELDGF SKLN-----PYIPDKDYKDVGKFI 66
VIDSISPLYDGLYDELIYLDSGSTDDTEIRAIASGARYVSRE QALPEYPYRPGKGEALIR 120
R I T RN 30 A

FPCAKN-DMIVLTDDDOIL 1 YP-PDYYEKMLNFYNSFAIFNCIVGIHG-------- CIYIDA 116
SLAATSGDIVVFI 0 IMPHPLFVPWLVGPLLTGEGIOLVKSFVRRPLOVSDVTSGVCA 180

[E PSS TN DX
FDGDOSKRKYFSFTQGLLRPRYYNOLG--TGTYFLKADQLPSLKYMDGS----------- 163
TGGGRVTELV&RPLLMLRPELGCVLOPLSGEVAASRELLTSLPFAPGVGVEIGLLIDTF 240
3 HETCIE R X I

777777777 QRFYDYRFSRYMLENEIGMICYPREKNYLREVSSGSMEGLUNTFTRKYP-- 212
DRLGLDATAQVNLGYRAHRNRPLDELGAMSRQY IATLLSRCGIPDSGYGLT OFLPGGPDD 300
ERER TN SRR i N B

LDI IKETOATAGYSKLNLELYYNYEG 238 DXD EF—7
SDYTRHTUPYSLYDRPPUKYNRPR-- 324 G, b [::ES
LI SN I T ghicosyl-3-phosphoglycerate synthase




3. WrFED kL

EHEDOH 5 2 FEHORESE KFiA & KFiC &= U
arverr VEAEE KREICRE, BT 5
FIEZMESL U, = OFSBERRNT 21T 9 o

KFiA IZINKHIZ His-tag A ST, &~
Yolo s L ERFICREL ST D 2 & T, Atk
TIEMHEOHHIEAEEHED Z L 2l ATz,
KFfiC 1%, NEKWZ b B —7 7 7 X — % Fl
ASHRET, KETRASESLZ LT,
AEMEEREE LTED Z EERART,

4. WFIEEHE:

KFiA 38 L ORKFICIZHoWT, K% W
7V arelr NEREORDL, HBRIZEKD)
L7,

KFiA (IZDW T, WG DO E A A4 B
KEZFARZL A, B oA A EINZ
A, BWIEERE ST, Fiz, 84
Fo, IRV T AT AN T AA S
CDOFEE DERA A M TZHEICE, <
VH A A X IR, BB TR
IEHERER Xz,

KFiAIZDWT, & HICEEREROKE p H
ERE L&A, FHEMTICB O TRKRIE
PERE ST,

KFiC iz oW Tk, B TiZ, Lobobws
FFIZBW T, PEEBIE MBI S 2o
77

KfiA 1L, BW\Wi=Z Lz, KFiIADBFEEL T
WARFD F, FEEBIGMEN B S 7,

TID ZODEEREE o TREBRENICE
WT, ~\uY U EHEAEERT D 2 &Ik
L7, &5I2, KfiA & KFiC 3SR E T
B LTI THESH G RIS 2 D B 2 &
TEDHHEEEZPALNI L, F2, BRERIKL
kT U — MEZAE S 72 FEBRIC K Y KFiA &
KEiC BN EAERT A2 RET 5 Z &1
HLEP Lz, b ofERIT, HAEKEZER
T5HZ LT, 2008 DML % &R
OIEFEIZR HAZAT D 3 F A = A LD
MEfRAT 5 BT, EERMLNGE LN L
EZz2b6Nn5

<F%3 pH>

Reltive activity (%)

120.0% +

100.0% -

80.0% -+

60.0% +

40.0%

MH“

20.0% +

0.0% +

100% -
80% +

60% -+

40% -
20% -
0% -+

6 7 8 9
pH
<ERBATERM>

Ih_

Mn2+ Fe2+ Mg2+ Ca2+ Cu2+ EDTA

——BisTris

—&—Tris

Relativ e activ ity (%)




5. TR
(WFFEFRAE . DHIEo 3 M ORI I8 12
E 7Y

(MERERm S0 (BE 1 1)

Glucuronyltransferase activity of KfiC
from Escherichia coli strain K5 requires
association of KfiA: KfiC and KfiA are
essential enzymes for production of Kb
polysaccharide, N-acetylheparosan.,
Sugiura N, Baba Y, Kawaguchi Y, Iwatani
T, Suzuki K, Kusakabe T, Yamagishi K,
Kimata K, Kakuta Y, Watanabe H.,

J Biol Chem.,285(3):1597-1606. ,2010.

6. BFFERLRK
(1) WFFEARA

4 H{EFE (KAKUTA YOSHIMITSU)
JUNKRE: « REFPEEFIIIERE - HEHEZ
W22 :00314360




