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Typhoid fever, a serious systemic infection caused by Salmonella enterica serovar Typhi, breaks out in developing

countries. However, existing vaccines only induce relatively low protective effects with humoral responses and do not

stimulate secondary immune response, especially to young people. The objective of this study is to evaluate the
immunogenicity of the vaccine containing virulence capsular polysaccharide (Vi) conjugated with the optimal ratios of
non-toxic variant of diphtheria toxin (CRM;y;) in mice. Six-week-old BALB/c female mice were injected intraperitoneally
three times at intervals of 14 days and sera were collected on days 0, 14, 28, 42 and 56 post-injection. The efficacy of
the vaccine was evaluated by comparing between negative control group injected with PBS and vaccine groups injected
with Vi or Vi-CRM,y; conjugate of different ratio. Vi and CRM,g7-specific antibody responses were evaluated using
enzyme-linked immunosorbent assay. The result showed that Vi-CRMg7-1 group revealed the highest and significant
Vi-specific IgG immune responses among the other groups and Vi group (p < 0.01). In conclusion, Vi-CRM;¢;-1
conjugate vaccine induced the highest humoral immune response in mice and may be used as an effective vaccine to

replace the existing typhoid vaccine for infants under 2 years old.
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MATERIALS AND METHODS
Vi 28 2 A

B oo A= S Typhi ATCC 19430 w52 A}-8-3}o]
o] el 1. WHoE VisE FESI3T (17). S Typhi
& base media (2% Yeast Extract, 1% Casamino acid,
Na,HPO, 37.6 g, NaH,PO, 8.2 g, MgSO, 5 g, Glucose 6 g,
Distilled water 1,000 ml)°l| 4] 32°C, 150 rpm 2= 4~5A]7F
ot vjFet - BS thA] 2,000 ml] base mediadl HE
sted Mgk ), feeding solution (10% Yeast Extract, 10%
Casamino acid, 30% Glucose)= #7181 glucose % &
=7F0.1%7F H =5 AT 327C, 150 pm o= 134]
b Bt wjeket 1ol 037% formaling 3 71se] E&3)
A2l 5 2 I (membrane filtration, MF) WS o831
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i Z=8F CRM;g,2| M| Z

CRM,y; F+R}E] SFH-S Corynebacterium diphtheria
C7-beta,; (ATCC, No. 53281) 2] genomic DNAE
& © 2 N-terminal primer (5-TATCCATGGCTCATCATCA-
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CCATCACCATATCGAAGGTCGTGGCGCTGATGATGT-
TGTTGA-3"%} C-terminal primer (5-TATGCTGACTCAT-
TAGCTTTTGATTTCAAAAAATAG-3)Z2 AHgste] 3t
B A WS (polymerase chain reaction, PCR)S =3l 3}%1
om, WHgEL 94TAA 5% WA § 94T 12,
60C 13, 72°C 1327k 253] WHE8llon, 727ClA 10
HZF WSS PCR AHE 2 ARl st WAd
pBAD/gIII vector (Invitrogen, Carlsbad, CA, USA)2] =&}
21 = DNAS 27t A3H& 2 Neo I (Takara, Shiga, Japan)
I} Sal 1 (Takara)©.= FA] *2]3k $ T4 DNA ligase
(Takara)= 16 CollA 4A1ZF HEG-A]17] 31 27303 (Micro-
Pulser electroporator; BIORAD, CA, USA)S ©]&3}%]
Escherichia coli DH5a competent cell (Invitrogen) W= 32
A3-S Akl FdHeE = 0.02% arabinose”t
H71E 2xYT A9 A](Sigma, St. Louis, MO, USA)l A
22°C, 15413F &<t dste] CRMyy, fradAke] S
Lskelvk 2 CRMyy; Y2 HisPur Ni-NTA resin
system (Thermo Scientific, Rockford, USA)S ©]-&3}o] x|
3t & sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE)E 2 A|3}91. 21, anti-His antibody
(IG Therapy, Chuncheon, Korea)$} anti-mouse IgG alkaline
phosphatase (AP)-conjugated antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA)E AF&-3}9] Western blotS-
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Vi¢t CRM,o;a A esl7] 918l linker®= B 8%l
213 adipic acid dihydrazide (ADH; Sigma)Z ©]-&3}3it}.
80 mM 2-(N-morpholino)ethanesulfonic acid (MES; Sigma)
o] £0J21E= 10 mg/mle] CRM,e,° ADHS} 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC, Sigma)E Z}Z+
200 mM, 21 mM°| H%% H7}et & 1 M HCIZ pH 5.6
o] Hw% BHEal ARoA 601t BHE-SIGIth HhE §
1 M NaOH= pH 7.02.% 2331 Vivaspin 20 centrifugal
concentrator (Sartorius, Goettingen, Germany)& ©]-8-3}
ADHS®} WH5-314] k= 30 kDa o] &te] @ dS A3}
St} 1.0 mg/ml Vi (in 80 mM MES)el CRM,4-ADHS- 1.5,
1.0 223l 0.5 mgmls 747 H7Fekal 1| M HCIE pH
56~58% SHE § A2o)A 33 wE-E3inh visk A
FEA] & CRM,4-ADHE Vivaspin 20 (Sartorius)S ©|
43l AAS & HFHo= Vi-CRM,¢; AAAE g5
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Table 1. Vaccine used in this study.
i Dose (ng)
Group Vaceine V1/.CRM197
No. ratio (W/w) Vi CRM197

1 Vi/CRM,g7-1 0.7 2.5 3.6

2 Vi/CRM,¢7-2 0.9 2.5 2.8

3 Vi/CRM,97-3 1.5 2.5 1.7

4 Vi-PS - 2.5 -

5 Control (PBS) - - -
3} 2™, sandwich enzyme-linked immunosorbent assay

(ELISA) el whet A%k 51 A9k AidS =lskad
o} A23 CRM, 9] tagell 238l anti-His antibody (IG
Therapy)E coating buffer (0.1 M Sodium bicarbonate, pH
9.6)%2 1:3,000 3]A13}>] MaxiSorp 96-well plate (Nunc,
Roskilde, Denmark)ell 3 5~ 1€ Vi, CRMy; L2]
3l Vi-CRM,y; A 8Z plated]l Z}Z} 5 pg/ml® 7 7}s}ko]
37°ColA 1AF EF Wkl 1 ths rh-2oll A
A|2}et anti-Vi polyclonal antibody$} anti-mouse IgG AP-
conjugated antibody (Santa Cruz Biotechnology)E =} = it
SAIZL $ 450 nm A S E(O0D)YE S5

AESE ¥ E YWY
A5 6732 BALBe 947! vH-2~(ORIENT BIO,

Seongnam, Korea)E AF&-3}5lom, HE vle-2 IVC
Rack (ThreesShine, Daejeon, Korea)oll A AF5-8}5it), A&
E%_g] %ax% /\]_‘Q__Q_ %3]] 3R sz]g ‘Z«__{[:o}‘oioqu, A3
At sEAFF A3 skl F=Ad
AABFATHE 7P S KW-130328-2). A& 3 o
6vte] o] mhe-~E AMESILAL, Viwt# Vi-CRM,y; ratio
(Wiw) 0.7 (Vi-CRMjo7-1), 0.9 (Vi-CRMyg-2) 12|31 1.5 (Vi-
CRM,;-3)8] o2 USlom, xS &+ phosphate
buffered saline (PBS)THS 45315 Th(Table 1). 435 W4
& k-2 1S 2.5 pg/0.2 mlidoseE 25 (HHO0R F
33l A HHow FFsrh AR A HAx A

oY

oft ﬂllo

T 523 7407 F 53] A3 o, capillary tube
5 olgste] ke W of 05 mi StepAsle] e
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ELISA

WAalol] thgk mhg-2of A W ukg-o
913l indirect ELISAS 2AlEF3oH, 31 GAH Vi
9} CRM,o,& ©]-8-3F31t}. MaxiSorp 96well plate (Nunc)l
0.05 M carbonate buffer (pH 9.6)= ViE 1 pg/ml, CRM,o, S
2 pg/mlZ 3235k ZF welld 100 pl® 748k 4Col
A 16~20A13F &<t coatingdlI T PlateE PBST (0.05%
Tween20/PBS)= 3% Al# &+ %], 2.0% BSA/PBST= 7}
welloll 200 pl® Z7}sle] 37°Coll A 1A]3F &<} blocking
SFAAT] PlateE PBSTZ 39 AlH3 H, 2k FollA A3
H vk P3S 0.1% BSAPBSTE Al 3]413}e] 37C
oA 1A1F F<t vHE-31oltt. PlateS PBSTE 31 A
sk F, 2% &A?0 goat anti-mouse IgG antibody (KPL,
Gaithersberg, MD, USA)E 1:6,0002.2 345} 7} well
o] 100 WA H7FskaL 37TCAA 1A1ZF & vh&-ak3itt
PlateS PBST=Z 4 MH3 FH, 7|ZZ+ tetramethyl-
benzidine (TMB; SurModics, Eden Prairie, MN, USA)S A}
&sko] Zh wellell 100 W F7Fskar 3 &¢F ol 4]
HES-SHTE ZF wellell 1 N HCIS 100 W H7Fsle] it
55 T3 ¥, microplate reader (BIORAD)E ©]-8-3}¢]
450 nm 3ol FFE=E SASATE HA BAl o
& blank ke 3vlnct 2 ghe Uk A
sk

g 7]
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RESULTS
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. €«— CRMqygy

Figure 1. SDS-PAGE and Western blot of recombinant
CRM,y; protein induced by 0.02% arabinose in E. coli. The
total extracts (lane 1) of E. coli containing pPBAD-CRM,; and
purified CRM;; (lane 2) were separated by SDS-PAGE and stained
with Coomassie blue, analyzed by Western blot of the duplicated
gel of lane 1 using anti-His antibody and anti-mouse IgG AP
conjugated antibody (lane 3).
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| Vi-CRM1g7 v @3 CRM197 [ Control

OD (450 nm)

Vi-CRMyg7-2

Vi-CRMg7-1 Vi-CRMg7-3

Figure 2. Analysis of Vi-CRM4; conjugate levels by sandwich
ELISA. For sandwich ELISA, plates were coated with anti-His
antibody. Vi, CRM9; and Vi-CRMy; were added to each well.
Anti-Vi polyclonal antibody was added and then anti-mouse IgG
AP-conjugated antibody was added to each well. *** Significant
difference in Vi-CRM;y; conjugate compared with the control
group (p <0.001).

2 HZFsA Y. A% (0 days of post-injection, dpi), 12}

AT 25 (14 dpi), 22 AT 25 528 dpi), 32+ A
T 42 dpi), 37 AF 45 (56 dpi)oll 2+ S
FHS OO = ELISAE AAI8HY Vi-specific 1G] &
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A AlBEIL A= Vi WS HES T ozl M
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oA Q1 2bo] wgk VheRHA] okt g, vi WAl A
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Figure 3. Vi and CRM,¢;-specific serum IgG responses in mice following dosing with Vi and Vi-CRMy; conjugates. BALB/c mice
were immunized intraperitoneally three times at 14-day internals with 2.5 pug of Vi-CRMg;. Values are reported as log, geometric mean titer
(GMT) and error bars indicate 95% confidence intervals. **p <0.01 and *p < 0.05 versus control (PBS) immunized mice.
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