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Abstract

Ricin is a highly toxic protein which is produced in the seeds of the castor oil plant. Ricin toxin A chain has
ribosomal RNA N-glycosylase activity that irreversibly hydrolyses the N-glycosidic bond of the adenine residue at
position 4324 within the 28S rRNA. In this study, we developed non-toxic recombinant ricin vaccine(R51) in E.
coli expression system, and evaluated efficacy of the R51 according to adjuvants. When the R51 was administered
using aluminum hydroxide as an adjuvant, the vaccine efficacy was higher than that of TLR agonists or aluminum
phosphate. Because it is time-consuming to administer the vaccine three times at three-week intervals, we
investigated the survival rate and antibody titer of mice according to the change of time interval of vaccination.
Interestingly, there was no difference in survival rate and antibody titer when R51 was administered at 0, 1, and 3
weeks or 0, 2, and 4 weeks compared to when administered at 0, 3, and 6 weeks. Therefore, the developed RS51

vaccine is promising to protect soldiers from Ricin attack.
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A1 HIAI(R51)S pET28a 'L MIE o] AFFE A Nde
13} Not 15 AH&38to] A&k 5 Escherichia coli strain
BL21(DE3)oll A #3kA]7]3 Luria-Bertani(LB) Hl|<]
(1 % tryptone, 0.5 % yeast extract, 1 % NaCl)°ll
Kanamycins 100 pg/mle] HL=2 #H7lste] 2%
d RIS AEPY o2ty i wE s
lakr] flal 37 °CollA] Hj gt F ODgool 0.4
isopropylthiogalactoside(IPTG)E 0.5 mM %= %7}
T 25 °Coll A 12413t &t F7F wjkgih wikE o)
S dalwgste] AER 5% F Lysis buffer
(20 mM TRIS-CI pH 8.0, 200 mM NaCl)oll HEAZ]
5 259 F71E 8 AEE &SRR &8s
2 NiNTA ZHS o]&sto] 12} AAS IPsia
thrombins A 2|3}e] J|2REHE AAT T size-
exclusion chromatographyS ©]-&3f 22} HAAE s
k.

22 WAL in vitro AEFAAS ER1E] 3
RPMI HX#](10 % FBS, 1 % Penicillin/Streptomycin)®l]
A ookt Jurkat AIEE 2x10° cells/well 2 96 well
plate®] 4|3t} RTA =+ R51S 0.2 - 10,000 ng/ml
SRR AT F 2423 Feb 37 °ColA MR
o]F WST-12 2]k - 37 °ColA 2413t wistaL

S
o Al WAL in vivo 54S B3] 9J8) RS1S
DHFAE FIG F AEES

waAe] W ga WA G5 wAas] 98
6% female ICR V}9-220l 1 pg/head®] R51S H A
oF E¢a 5 100 pl fFHOF 35 HAORE 33 2
A Fodlt). B ZA|= Phosphate buffered saline
(PBS)E ¢4FENo=Z 3}o] Aluminum hydroxide(Al),
Imiquimod(Im), Flagellin(F1), CpG oligodeoxynucleotide
(ODN), Monophosphoryl lipidMPL) X+  Aluminum
phosphate(Al-phos) & AZAF HlFdell wat 7ok
(Table 1). PFA| WAL o 25 & A sto] 2ild
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Table 1. Adjuvants and their concentrations

Adjuvants Stock dose Working dose
Al 2 % 02 %

Im 1.0 pg/ul 10 pg/100 pl

Fl 0.5 pg/ul 1.0 pg/100 pl

ODN 2.0 pg/ul 20 pg/100 pl

MPL 1.0 pg/ul 2.0 pg/100 W

Al-phos 5.0 pg/ul 50 pg/100 pl
AR PAE 34 PR DA BaE 2§
273 A # )

o
ot

ko] 5 pge R51S 100 pgel aluminum hydroxide
ek & IEFALR Fol gt

gl A7 4L 24l 542EF 0.05M carbonate-
bicarbonate pH 9.6 ¢+Z-8&¢l 2 pg/mlo] FE= 34
596 well ZE|o]Ee] 50 W FEF5FIL 4 °Coll A
16A13F WHEAIZATE k58-S A4S - PBST(PBS
ol 0.05 % Tween-20)= 300 ul 33] A|Z3}IL blocking
buffer(PBSTO 5 % skim milk)= blockingS 37 °CollA]
AR Rt vhg-s Folo g dojxl A&
745 blocking bufferd]] 3]4gF 5 blocking ¥ 96
well Zdo]Eol 3] F 37 °CollA 177+ HH5-4]

BTA IFPEQYPIINFITAGATVQSYTHFIRAVRGRLITGADVRHEI FVLFNRVGLPINQRFILVELSNHAELSVTLALDVINAYVVGYRAGHSRY
R51 IFPKQYPIINFITAGATVQSYTNFIRAVRGRLTTGADVRHEIPVLPNREVGLPINQRFILVELSNHAELSVTLAL

RTA FFHFDNQEDAEAITHLFTDVONRY TEAFGGNYDRLEQLAGNLRENIELGNGPLEEAISALYYYSTGGTOLPTLARSE IICICMI SEARRFQ
R51 FFHFDNQEDAEAITHLETDVONRY TFAFGGNYDRLEQLAGHLRENIELGNGPLEEAISALYYYSTGGTCLPTLARSE I ICICMI SERAREQ

RTA YIEGEMRTRIRYNRRSAPDPSVITLENSWGRLSTAIOESHOGAFASPIOLORRNGSKE SVYDVSILIPITALMVYRCAPFF
r51 YIEGEMRIRIRY---cccccccccccccccccccccccacaaa

71 % PBSTZ 33] A4 3t} Anti-mouse [gG HRPE
blocking bufferel] 1:10,0000.% 31413k 3 37 °Col|A] 1
AlZE HH-E A7) 5L PBSTE 33] Al 3T 2412 0.05M
phosphate-citrate pH 5.0 ¢+%-8 4] O-phenylenediamine
dihydrochloride®} urea hydrogen peroxide”} 0.4 mg/ml®]
HEE 50 3 owell B 100 w¥ BEF3 F AL 4
307 ARESAIATE ZF welloll 3M sulfuric acidE 50
wH F7kskel WAlS AAIA17]AL 492 nmell A =
tol A7 SAHS sk
HE SRS IEdTYE3 A¥ss oy o
42 Z(IACUC, Korea, ADD-IACUC-22-02)°] uwh}k
gom 21~23 °CAlA EF &4 HEE 5 3l
= SHOA 124131 Wt T E ARG E QAT

BAA frelde LAl X242 (one-way  analysis
of variance, ANOVA)C. 2 H|uglom p<0.05dw &
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Fig. 1. Comparision of amino acid sequence of RTA and R51

306 / St AL Bl 88| A A|27d A235(2024'A 49)



S 1 2 3 4 Bioanalyzer

— - R51

Fig. 2. Solubility test and purification of R51
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=5 54 h(Fig 2B).
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=4 golar] e Jukat AlEF 2 WST-18 &&
st 54 7S 33tk RTA EE RS1S Al
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R512 e FmolA 1002426 %= 5A4S YehiA
2Ft). S RS512 FHul %2 10 pg/mlol A= A&
o] 982425 %= HAS YERA okth(Fig. 3A).
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Fig. 4. Survival rate and antibody titer of R51 vaccine
according to adjuvants. N.D.,
" p<0.01.
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