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Abstract: The main purpose of this research is to synthesize and evaluate a new glycoconjugate vaccine against Klebsiella
pneumonia (Kp). First, the gene (waal) responsible for the expression of O antigen ligase was deleted to block the synthesis of
bacterial LPS. Then the vector that encodes a glycosyltransferase (PglL) was transferred into the mutant. The enzyme PglL
could catalyze the transfer of OPS units to recombinant cholera toxin B subunit (rCTB) to form glycoproteins in vivo. The
protective effects of the glycoproteins were studied by the mice models with acute bacteremia that were induced by
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intraperitoneal injection of wildtype Kp bacteria. The results were as followings: A Kp waal mutant was obtained and the
rCTB protein could be successfully glycosylated in the mutant. The vaccine can stimulate a high antibody titer in the mice sera

with or without adjuvant. It can also protect mice from the lethal dose injection of Kp. The survival rate of vaccine candidate

groups could reach 75%. The glycoconjugate vaccine candidate prepared by this biosynthetic method is expected to become a

novel effective vaccine against Klebsiella pneumoniae.
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Table 1 Primers for gene-knockout experiments

i o T R ALK OB pKOBEG A Kp355
, Hh pKOBEG %t & a3 F 5 [F] U 81 2H AH G
W Exo., Beta, Gam; 7EFTH#E R BAAF7E T, WILL
W LA B R SRR B T Sl AT K
PUIE IR ) Bk o % B A% BRI Kp355 PR sl
FERE Th I AUS FREFD 2 50 mLfIRER LB 1 5%
b, BT 30 CHEIREER, TEANERTFRF] 600 nm
LAY (ODggo) M 0.5 I 1 h Jil AZHRE
1 mmol/L BIBTHAAFTHE; 1 h R Rl E Tk b
30 min, ZJ5 8 000 r/min &5.0» 8 min Wi, I
Tve iy 10% H- vk 3 Uk il %5 Kp355/pKOBEG /3%
UM, B S R R AT R R B B &S A
Kp355/pKOBEG JgZ &, 30 ‘CE ¥ 1-2 h J5 ik
i FRAREE R LM E H 50 pg/mL BT, K
H A R AN S 1 2647 PCR e BHPE STl . T
i 1k 3 1 AL B AR A Kan 0 1 3 B R 7 0 Ay
FRT {8, U HRE SR T 42 CRIRIFFE#E 3 1€
2Bk pKOBEG J&, -5 A% — ik pCP20,
pCP20 4wt Flp 4 B AT 753 WMl FRT fi s 4
M 2Bk Kan B, feA5 3R & i BE bR i i it
etk Kp355Awaal . %54tk Kp355 LA K i 2 ik
Kp355Awaal JF172e A%, BV o 4R Y L% il
FRETJS 408 LPS 54 Y 22 5, JF It HLIR API 50
CH 35 S A MDA G 22 5%

Primer name Sequence (5'-3") Size (bp) Restriction sites

waalL-up-F  CGGGATCCCGGATGTGCTTTCATCCTCAG 29 BamH I
waal-up-R  GCGTCGACGTCTTGGCCATAGCGGCCGCGGTACCAGCGACAGCAATAG 48 Sal [
waal-dw-F CCCAAGCTTGGGCTACAGTCTGGCGATCCT 30 Hind III
waal-dw-R CCGCTCGAGCGGCGACAGCACCATCAACTC 30 Xho I
waal-in-F CCTGTGGACGCTGATTATCG 20

waalL-in-R  TCGCCGCTGTAGTTGATGA 19

waalL-out-F  CATTATCCGCGCCATTGT 18

waal-out-R  AAGTGGCCCGCTTGCTTT 18

khe-F CCGACGATGCTACTTATCC 19

khe-R GTGTGGACCGAAGAACTG 18

* The underlined_“GGATCC”, “GTCGAC”, “AAGCTT” and “CTCGAG” represent BamH I, Sal I, Hind III and Xho I
restriction sites respectively.
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TSI R AT ML T A5k, pET28a-PgIL-CTB
D)% %t BR JBRE pET28a-CTB, A MA LB 5% 55 it
#E 37 CHEIRE 95 1-2 h, A 2Pk | ,37 C
IRAE R IR 56 2 Rk PCR B0k 1E A i FH4:
g, AR PR AL 55 240 37 TR
IREEFR B BUE KBS, INAZORE R 1 mmol/L
[ 5 N 3 -B-D- it A8 2 FL B 1T (Isopropyl-beta-D-
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BRI AR EHMEARSE. 8 2 RIEEARER
2B 1 mL, 13000 r/min &.0> 1 min, 3 s
PRARUTTE, A 100 pub ZE1 /K EA IR, FmA
EIRFUY 2xSDS _FRRZE vh, WK 10 min 5
1T SDS-PAGE ; 7o HL Uk 25 o Ji 2 T BRSO i
R E M2 PYDF L, 15 V {HES4EN 65 min,
JH B HRP-Anti-His tag HL5E ST AR A ] B
B R Y E A R E I .

1.2.3 Kp355 C-OPS, B4tk S5¥E &

45 B TR 4K pET28a-PgIL-CTB 11
Kp355Awaal, DA 1: 100 fEL@I#EFR T 2L =4
M, 37 CHEIRE: 7 B XHEA KI5 I A2k i
27 1 mmol/L B9 IPTG i5F571,30 CiERR I
%5 2 K 8000 r/min #.0> 8 min WA FEIATTIE, L
%W Al (0.5 mol/L NaCl, 10 mmol/L BXmg,
20 mmol/L Tris-HCI, pH 7.5) EEKIKE, &t
SPRALTE /W B B R T, O R
¥ bisimad AL S AR PR RUE A, 2
JE BRI AR RE S R 25 B B 24 BT, FH R VA R A 5 Vi
B1 (0.5 mol/L NaCl, 500 mmol/L Bk, 20 mmol/L
Tris-HCI, pH 7.5) ¥l H B K15 2 09RE i
We i 5 221 B 1L UE JZ AT (Superdex200 431 HE
BH A ERIAR) #F—2Palifh, MG 1 BTAE 280 nm
AW SCAE ) AR AL ICER A B, FF h 22 SDS-PAGE J&
FA 25 T Hir 5 s G € R B, 11 S B 4G T 2 1 ik
TR, AT Y A e 72 A ) H A 5
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¥ Kp355 1555 2 ODgoo A 2.0 B TR A 1A%
JERBIRAT, T2 TR & 1 BT TE
fi7 (Colony forming unit, CFU), #4i Kp355 ODggo
2.0 BRI, WY 3 MR, R4
1L 10° CFU/H . 10" CFU/H . 10® CFU/H Y&
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HEEEOE & (LDso)o
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BIFH 0, 14, 28 KiHTHER g, o 3 IKHE)n
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FifgbrAR , (B3 ELISA WEIE Mg bty , = s
55 14 REATEIEAE:, MERESA/NRFAER,
TR BPUARR M LA B A TR IR, SR IZ0hE a2
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K R, PL P<0.05 N NA G FE L.
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HNERG | W 14 I ol S AR R BT A R 7 Y 2 R
PIFFA A 1.4 kb F1 2.2 kb, HAMIS 4434
PRI LS R S B R S5 R 3 khe SIHN G
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B D-BEAS L L 2- B 5L Wi R £ A U AT s iz
Fob, AL WL 2225 (I 1D), &
waal. A R S X TR AR A A A O] S5

A B kDa M Kp355 Kp355Lwaal
Kp355 55— -
bp M WT Awaal WT Awaal WT Awaal. W— .
I5S— .
5000 25— .
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¢ D

Growth curve

0.5 <+ Kp355
- Kp355 Awaal
1 1 1 1 1 1 1
0'00 2 4 6 8 10 12 14
t(h)

1 Kp355waal EREFREKMEEREE
Fig. 1 The construction of Kp355 waal gene deletion mutants. (A) Identification of Kp355 waal gene deletion by
PCR. (B) Silver staining of Kp355 wild type and waaL mutant. (C) Growth curves of Kp355 wild type and waal mutant
strain. (D) Carbohydrate metabolism tests of Kp355 wild type and waal mutant strain using API1 50 CH Kits.

* 2 API50CH I & K45

Table 2 Components of AP1® 50 CH kit

Substrate of test strip  Substrate of test strip

Substrate of test strip

Substrate of test strip

Substrate of test strip

(Row 1) (Row 2) (Row 3) (Row 4) (Row 5)
0 Control 10 Galactose 20 a-Methy-d-mannoside 30 Melibiose 40 Turanose
1 Glycerin 11 Glucose 21 a-Methyl-d-glucoside 31 Sucrose 41 D-Lyxose
2 Trichophyton 12 Fructose 22 N-acetyl-glucosamine 32 Trehalose 42 D-Tagatose
3 D-arabinose 13 Mannose 23 Amygdalin 33 Synanthrin 43 D- rock sugar
4 L-arabinose 14 Sorbitan 24 Arbutin 34 Melezitose 44 |- rock sugar
5 Ribose 15 Rhamnolipid 25 Esculin 35 Raffinose 45 D-Arabinitol
6 D-Xylose 16 Dulcitol 26 Salicin 36 Starch 46 L-Arabinitol
7 L-Xylose 17 Inositol 27 Cellobiose 37 Glycogen 47 Gluconate
8 Adonite 18 Mannitol 28 Maltose 38 Xylitol 48 2-Keto-gluconate
9 B-Methyl-d-xyloside 19 Sorbitol 29 Lactose 39 Geraniol 49 5-Keto-gluconate
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Y rCTB I, 4w A B2 HY) O-Pi st e
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I, Ik WB & 23T R YR A 4
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HRE A oy, RIS B MR A B IR 5, R W)
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ZWERIBEE 1 (C-OPSkp); TMXT HRZITETC PgIL 1Y
THOL T RA R E MRS,
2.3 Kp355 C-OPSy, By 41k

i 2 X ik Kp355 O Bt sl 85 1 TR B Y K
R AR B LA, 158 T AR SRR .
HFRYEN rCTB A 6 MU aRings, il

Kp355/ A waal  Kp355

kDa M — + - + PgIL
60—
45—
35—
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Fig. 2 Identification of glycosylated rCTB.
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Fig. 3 Purification of glycoprotein C-OPSk,. (A) The optical density at 280 nm changes with PBS elution after sample

injection. The arrow points to the appearance peak of C-OPSy,. (B) Detection of the purified glycoprotein by commassie
stain and Western blotting.
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Fig. 4 Protective effect of C-OPS,. Serum anti-LPS IgG (A), 1gG1 (B), 1gG3 (C), 1gG2a (D), 1gG2b (E) antibody
titers were detected by ELISA. (F) Survival rate of different groups in one week after injection with Kp355 lethal dose at
4.0x10" CFU. *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1.
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25K, BT O-HEZHHARMN .

A FE i £ 1) Kp O2 I 375 b 2 11 RE 6 il 3%
N BRI TR . ORAP T5% /N RS T
O Bty LSS TR AR 0 B v 4
IR R Z A — B 22 5 . R IR
Poly(I:C)&—Fh Xk RNA., Tt KBS0, fieig
WrE TLR3, AT EHCHUR BB vh R FE F SR
HETAN PR s T AR A 0 1 TR 2R
/N AR 19GL FLiRR M =ik 11 10 000,
HHABIR I 4 2 5 W 5 (P<0.05), JH 1gG3 #il
lgG2b HHLARRLM AL T 1 1 1000,

HRYEH A TR A A5, Kp O1 1 02
BT EERA TR, H 02 i m 2 ph T
66 FR) S8 DU A B A 2008 & DL 6 S F g 01,
JER 5 M LABE MR S RGBT AT
MRS TR, T B Y A A 3R T bR X
F A I A S S, JCI A A R 8 1 7™ it
AWFSERIAE Kp 2SS &9 W 10 2R T
02 A, @l A MR IL L AL S v, — 2 ZhEE
FERAREE T rCTB I, BN ZEEE A .
AP A 3 528 ¥ R TR IR/ L™ A 3 v I B AR LAY
I BB IR AN R AR S ATE SR, 6
PN BT Kp355 BOAEF & i sty , AN
B %o il 4 e P A DX PR B R RV, % T R
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B A X 3R Ao A e HL AT T g S,
FAWFFE R Kp OL I35 BI04 1 3 g
REMS 3P/ R 2 BOE R R e ™, 2 A BrE
T 02 2R %S Kp B wbbY F1 wbbZ
RIS 5] O1 24, HitHEe FRAIM
HARTT LI — 4 O1 ILIs 7 2L A7
T SZERET X Kp AS ) i35 B B )32 B4R
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