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Protective effects of mix-crude outer membrane protein
Salmonella vaccine against salmonellosis in chickens and pigs

Hee-Soo Lee*, Suk-Kyung Lim, Yun-Sang Cho, Yi-Seok Joo, Jae-Hak Kim, Jong-Man Kim
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Abstract : We investigated the safety, immunogenicity and protectivity of mix-crude outer membrane protein
(cOMP) vaccine against salmonellosis in animals. The mix-cOMP vaccine was extracted from Salmonella
enterica serovar Typhimurium (ST) and Salmonella enterica serovar Enteritidis (SE) and Salmonella enterica
serovar Braenderup (SB) isolated from pigs. The mix-cOMP vaccine gave significantly higher antibody
response than ST-bacterin and ST-cOMP vaccine in guinea pigs. The survival rates of mix-cOMP vaccinated
groups showed significantly higher (100%) than those (0-20%) of unvaccinated control group, challenged
with 3 species of Salmonella (ST, SE and SB) in mice. Vaccinated groups in pigs showed reduction of
clinical signs, increase of average weight gains, decrease of bacterial recovery rates, compared with
unvaccinated groups. Especially, the survival rates (100%) of vaccinated groups in chickens showed higher
than that (0%) of unvaccinated group. Based on these results, we suggest that the mix-cOMP Salmonella
vaccine developed in this study will be effective for the protection against Salmonellosis caused by the

various serotypes Salmonella species in animals.

Key words : mix-cOMP vaccine, S. braenderup, S. enteritidis, S. typhimurium, samonellosis
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0] 5] oln} AREH] A Aol

shaA %Zﬂ 141

JE B3 S7ketke FA1H 2, @
MOz TEAIWAAEC! S typhimurium

DT1049] & %ﬂ* Abgrell X o] A gefA o] FA 5 A

542 BAZ tlFE L Sl Agelth [s]
Anra oz A 71AsHe WUAS] AS Abuct

= /Lg-a-uﬂ)\ o] zluioﬂul-oﬂ EJ,].Z-lo]u:] [21, 24], Al
o] AT NEAAYGS SAAITIAL b s Al
Ale] kel B2 A-Ee] Slof gt [9, 18, 21, 25].
ole} e Aiiile] Adols B g Akl &
o5, WA IEIsA T A He £A7)
A7 4= Ak 9, 18], A= TP e] AES]
s FASIE v AIXL T A (crude outer
membrane protein: cOMP) B-3+&2 o] AEAHAS &
43 3}A]7]+= immunodominant proteins 2241 B E] 37 3]
T} [7, 22, 30, 37]. Bouzoubaa 5 [9, 101& 7} =2
£ o sl=d OMP &9°] 9R live vaccine R o= 9F
Aoy Wojadrt Hold AL R Histon,
Charles [12] ¥ Meenakshi [26] 52 adjuvanted OMP®]
A& o] g3k AWz Adrde 7AdS g3He=z
WAg bl o

E AFoMe Tt g5l g8 ZdEE 715
ARAINAST S GHH 0= oalr] St = 7t
FoA fFshs #ES AWl olg AFoENH
—%%‘6& cOMP—— {WW’J_E A3 ArdlE} cOMP
23 ALdsEel g2 9@ s
ZAFSFALA} SF3ATE
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7FEelM F¥ske 8 @¥2% B, C % D] Wi
Al #FEA Fu =R A REEE 7Hzhe] S
typhimurium(NVRQS-ST10-PT104L: ST), S. braenderup
(NVRQS-SB2: SB) % S enteritidis NVRQS-SE9-PT1:
SE)E AF&-3led brain heart infusion broth(BHI; Difco,
USA)el| 37°CollA] 48A17F vl <atSith.

cOMP F==
Rapp 5 [30]°] ol FEshe 5
ofol-g (7,000 x g, 30%)3te] +&

\d
T
_O|£
>.R
Vl

AE A4
mM HEPES buffer(pH 7.4)& 7}t & §ﬂ_ A7l &
McFarland’s nephelometer standards No.10(3 x 10°/ml)<]
100817} HA| 55285 E3AL ice box FllA] sonicator

5 - A -

A

(Vibra cell TM VC 375; Conics and Materials, USA)Z
o]-&3te] 3027 234 (10-15 KHZ, 50% duty
cycle)dle] & sk & 4413#2](7,000 rpm, 30%),
HAAES AASIEL FEHS crude OMPEY S E 3}
o, 7] 0.5% formalin-saline® 2 37°ColA] 72417+
E¥3}3} 3, Protein Assay Reagent kit(Pierce, USA)E ©]
83} standard albumin®] ¥FE 71FoE Tl ¥

o
E(mg/mlyE S48k 5°C Aol Bashar A-g-st

Atk
A==
%%}TJJ/}&'@ YoM A2 mouse(ICR, 4575)

% guinea pig(85-%8)E ©]83t FAFsEE E AHY
/\]_,] H]—o]p_;_,,].g} ﬂ;q]sﬂx%‘—& 7_]—7_|]— }_/\}o}@‘ ou:] S}
Hhsgdol A 3543 9] A= 9 A Wolelg st
o AR 548 SRk AlF| FAIEAT

AlB{eHAlo] HMZ= U HAXNE
E83lH 359 cOMP Y¢S %%l
=gt %‘T— A (6.25-50 pg/ml)
7ol 257 02 23] HFslaL
Yol asts %mmu} %3 cOMP &
flste] vl —rﬂlﬂ ztztel £¢s) g9
FAZRA FASEE ulH@[Al(orm gel] 5% 21
ISA25(Seppic, France) 3%2] B]Z &3tsle] Algmle
Azt o, A0 2 cOMP E3Al | ml Holl&=
k-2 A|g8-2] 739 FdsaFo] STI8S ug, SE250 ug
9 SB164 pgoloH, HIx] 9 & JE82] A5 35
cOMP &-go] Z+z} 780 pg/ml 35314 &kt T3 ST
bacterin(2.3 x 10" cf/ml) 2 ST OMP(330 pg/ml) #A1-&
U Yo R ARt RFOEA HWAFE B
oh Wle] HEFE vhe-2E T 02mliE 574
2, 9XE 2mlE, #9 4% 05ml B 1.omiE 247

19_8.

19

28z, 27 740 23] MY AFSIT
:-_7_=|x-|_=c.’<_
oA MAEE T 27 ol GRE) A 35

Ardaidel ST @& e ST, SE ¥ SBe| #ild &
gt oz FA HEI Tk -2 A o EHA(ST
11.5x10"%fu+SE 3.5x10"%fu+SB 6.5 x 10”cfu/ml)
02mE BHAWR HEen, =X A5 ST
4.0x10"cfw/ml) FLdFS AT 10ml X 2% 1ml &
NHFAY FETA(ST 2.3 x 10%fu+SE 7.5 x 10°
cfu+SB 1.3 x 10'cfum)S AT 10ml 2 25 I miE
A e g go| A9LE SG(1.0 x 10° cfw/ml)
TE FETAEST 23x1 0“’ fu+SE 7.5 x 10°cfu+ SB
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cOMP 6.25~50 pgE 23] HJE3 § thA] 2575 dxd

HaFE FAHES 147k AEARE A A

255y & Table 1] YERAITE ST % SEE HES 245 2
AlgWAle] AdEE] Ut Yo ais & FAHF E AFTAA 100%2] W E3E JeER o™, SBE
F 7d7re] AELEA Yeded, FAPee ASE 50pg HELAA 100%Z, 125ug 2 25 pgdl
ELISAY [4, 29|12} vlo] AR ZH0|EE o] &3t S-3]ut AME 90%, 625 ugEs HET 152 60%2] Wolads
5ol oJste] FAA7HE 83Tk S, o] T (4] ¥ 71z} Yeiio] o] mE ApolE 1T 4 Ut
Holl F&to] ST, SB ¥ SEEHE 53 LPS &dS WA cOMP-S A o2 tlx2+2 ST ¥ SE

ELISA& plateo] Zt2} 10 ng/well ¥ Z98tx Y3
(4°C)0l 24A17F WEEAIZL F YA Q1 ELISAR Sl w2}
Aldstact. =3 9 7F 54E 918t microplate(U
3, 96 wellell A EFE welld 100 ul¥ 53122,
serumE 100 5-E TAEE 3|Xst & Ardzl g9
EEE McFarland's No4Z %4 38le] T3] 50 pl/well

o] A4 100%2] HAL} SBE 83.3%<] #HAMES U
WATh, olobhe Al A= AlFH 02 A|Z3E cOMP
EghAle] vlg-2o thE ol g A Gl FAKS
A YR wAEFE e 350 Ardeltol e o
279 0-20%°] vl 25 100% ®ol &32 VERIS
THTable 2). SFASE A|gWMale] 7ol tyst &

.
Ry Fede 447 A T SHARE AP AN cOMPETWALS ST @4 % ST
BES T, A P Be] A WAHE F 34 OMPUAIERT RS 1S Yephaen, 24
Aol U3 o ETE AES, YABA AE, A F T G AL A T AR W7 Pl
FEAE, B 9 ARl e] FES AR A o}, 8-10571K) HlA B BANE §HF ol 12
s} 230t 2 9 14FolNE 48 alehle Ao Yerin
(Fig. 1).
A 3
X=0IMel woizat
ugsSoIMel Woizw cOMP EFA1S 25 71702 23] 28457, 2
COMP EFFA vpg-2oo] e Wl EANFNY 3o Sudetae FARE T 2US 5 29

Table 1. Protective efficacy in mice inoculated with mix-cOMP antigens against challenge of Salmonella

Mix-cOMP*  Bacteria® No. of No. of mice died at day after inoculation Survival rate
antigens challenged animals 1 2 3 4 5 6 7 (%)
ST10 10 - - - - - - - 100
50 pg/+ SE9 9 - - - - - - - 100
SB2 8 - - - - - - - 100
ST10 10 - - - - - - - 100
25 pg/ SE9 10 - - - - - - - 100
SB2 8 1 - - - - - - 87.5
ST10 11 - - - - - - - 100
12.5 pg/s SE9 11 - - - - - - - 100
SB2 10 1 - - - - - - 90
ST10 - - - - - - - 100
6.25 pg/s SE9 - - - - - 100
SB2 2 - - - - - - 60
ST10 12 5 3 3 1 - - - 0
Control SE9 13 4 2 2 2 1 1 1 0
SB2 12 8 2 - - - - - 16.7

A Antigens was given by intraperitoneal twice at interval of 2 weeks, with 0.2 ml per animal at 4 weeks of age.
B Intraperitoneal challenged with 0.2 ml of ST 2.3 x 10'%fu, SE 7.5 x 10%cfu, and SB 1.3 x 10'!cfu per animal on 2 weeks post
last inoculation.
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Table 2. Protective efficacy in mice vaccinated with cOMP vaccine against challenge of Salmonella

) ) Bacteria®  No. of No. of mice died at day after inoculation  Syrvival rate
Vaccines® Antigens .

challenged animals 1 2 3 4 5 6 7 (%)

ST185 pg + SE250 ST 10 S 199

Mix-cOMP he e SE 10 - - - - - - - 100

+ SB164 pg/ml

SB 10 - - - - - - - 100

ST cOMP 330 pg/ml ST 10 - - - - - - - 100
ST Bacterin 2.3 x 10" cfu/ml ST 10 - - 1 - - - - 90
ST 10 4 4 1 - 1 - - 0
Control SE 10 - 1 3 1 3 2 - 0

SB 10 3 3 2 - - - - 20

AVaccine was given twice at interval of 2 weeks, with 0.2 ml per animal by intraperitoneal, and adjuvant was gel (15%) +ISA25

(3%).
B Intraperitoneal challenged with 0.2 ml of
post last vaccination.
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N

OD values (at 492 nm)

10 12
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ST 2.3 x 10"%fu, SE 7.5 x 10°%cfu, and SB 1.3 x 10" cfu/ml per animal on 2 weeks
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6 10 12
Antibodies titers in GP: STAPS (at weeks)

Fig. 1. Antibody titers against Salmonella antigens (LPS) in sera of guinea pigs immunized with mix-cOMP vaccine.

Table 3. Recovery rates of Salmonella from feces of pigs challenged with Salmonella

Recovery of Salmonella from feces at days after challenge®

Groups Bacteria® challenged
4 6 10 14
ST 1/3 (st) P 0/3 1/3 (sb 0/3 0/3
Mix-cOMP? vaccine . (st (sb)
Mix 0/3 0/3 0/3 0/3 0/3
. ST 2/3 (st) 2/3 (st) 3/3 (st) 1/3 (st) 2/3 (st,se)
Unvaccined .
Mix 2/3 (sb) 2/3 (st,sb) 1/3 (st,sb) 1/3 (st) 1/3 (se,sb)
Control Non 0/3 0/3 0/3 0/3 0/3

A Vaccination with 2 ml of mix-cOMP 780
35 days of age.

pg/ml of ST, SE, and SB, respectively, twice at interval of 2 weeks per animal at

B ST challenged by oral with 10 ml, and by intramuscular with 1 ml of 4.0 x 10"cfu/ml of S. typhimurium. Mix challenged by
oral with 10 ml, and by intramuscular with 1 ml of ST 2.3 x 10'%fu, SE 7.5 x 10° c¢fu, and SB 1.3 x 10'"'cfu/ml, per animal,

respectively.
€ No. of positive/No. of animals.

D Letter in () is Salmonella spp. isolated, st: S. typhimurium, sb: S. braenderup, se: S. enteritidis.

Aol M MAFETFE 65F F 15004 o] £
6F T STA FHE 2-1497
A &g wEske 222 Y th(Table 3). 3t

W, WSt
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Ardzhto] £E]EA] e,
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Table 4. Recovery rates Salmonella from organs of pigs after challenged with Salmonella

G Bacteria® Recovery of Salmonella from organs 14 days after challenge®
roups

P challenged Heart Liver Lug Spleen Intestine lympnode
Mix-cOMP* ST 0/3 0/3 0/3 0/3 0/3 0/3
vaccine Mix 0/3 0/3 0/3 0/3 0/3 1/3 (sb)®

. ST 0/3 0/3 1/3 (st) 1/3 (st) 1/3 (st) 1/3 (st)

U d

fvaceine Mix 1/3 (st) 23 (stse)  1/3 (se) 13 (st) 1/3 (sb) 13 (sest)
Control Non 0/3 0/3 0/3 0/3 0/3 0/3

A Vaccination with 2 ml of mix-OMP 780 pg/ml of ST, SE, and SB, respectively, twice at interval of 2 weeks per animal at 4

weeks of age.

B QT challenged by oral with 10 ml and by intramuscular with 1ml of 4.0 x 10" cfu/ml of S. typhimurium. Mix challenged by
oral with 10 ml and by intramuscular with 1 ml of ST 2.3 x 10'%cfu, SE 7.5 x 10° c¢fu, and SB 1.3 x 10" cfu/ml, per animal,

respectively.
€ No. of positive/No. of animals.

D Letter in () is Salmonella spp. isolated, st: S. typhimurium, sb: S. braenderup, se: S. enteritidis.

Table 5. Increasing effects of weight gains in pigs immunized with mix-cOMP vaccine

Weight gains (kg) post challenge

Groups Bacteria of® challenged No.of animals -

Once week Twice week

A + a + a

Mix-0 ST. 3 1.13+ 0.62' 5.07+2.13
Mix 3 1.16 £ 0.26* 476 £0.78*
N ] ST 3 0.09 +0.62% 2.73 +1.45%

on-vaccine

v Mix 3 ~1.59+ 1.84° —0.45 +4.41°
Control Non 3 1.15+1.15% 4.51 £0.317

A Vaccination with 2 ml of mix-cOMP 780 ug/ml of ST, SE, and SB, respectively, twice at interval of 2 weeks per animal.
B ST challenged by oral with 10 ml, and by intramuscular with 1 ml of 4.0 x 10"'cfu/ml of S. typhimurium. Mix challenged by
oral with 10 ml, and by intramuscular with 1 ml of ST 2.3 x 10'%fu, SE 7.5 x 10° cfu, and SB 1.3 x 10''cfu/ml per animal,

respectively.

AN FAHES 359 dmdelgo] 25 B
HAH(Table 4). FAH/ET 15 2 2559 ATFA
(k) A MAHETE 742 1164026 Z 4.76+0.78
oA BFESNERTY 1.15+1.15 2 451+03137 =}
ol HolA| ¢k vhH, FAXF 2] -1.59+1.84
9 045+4413= FAHE Fo8 Ao]2A(p<
0.05) THEHE 1T = U TK(Table 4). Al WAl
o] AP YT 23 HE 27T A7 HlA SB
7} 61322 714 =4 JeERQ L, SE ¥ STE= 87 2
8302 7kzF YeR)ItK(Table 5). 3HHo g wAHED
o AL T HES 2 A=A Zol vHE vz
+3 EE ztolE YERNA] kol S g1 ¢
AATHp <0.05).

EoliMel gloig =t
YL cOMP &3 L1E 45 ol 05ml ¥ 1
A

ml¥ 28] ZHHFEAL 25 F 359 ARdehre ¥

ottt
o,

HES A7 22S 100% HAAFSF vhd | wiA g3
2 100% AHEES Ve AT B8 cOMP &3
TVFEIEA Q091 S gallinarum (SG)e 23
Aol M= WAHET (1 ml HE) 20%2] HA
Hol tizwe] 90%0) Hls) gt el wapol
S 7= o2 YeERJ I tH(Table 6).

o I

it ol > o
off o rot rlo #y

1]

i

Salmonella 7l 3 <3552 Wo] ¥+ humoral
immunity®l] 2]t @A GF R U= cell-mediated immunity
(CMD?] 337t FQashH (23, 24], A ELEHS T4
Sli= OMPS Welghel o 2 A AmdleiibAldl] 283l
£ B8 A5 gloigrt [3, 9, 10, 20, 26, 32, 35].

g e] HolAg o 24 Fa A Q1A EHA
AE OMP [6, 7, 22, 30, 331 T} =71€] proteins
#} LPS & phospholipid®] A& o] FaL 3UaL o]9}
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Table 6. Antibody titers in pigs immunized with mix-cOMP vaccine

Means antibody titers after vaccination®

Groups Before vacc. 2 weeks 4 weeks
ST SE SB ST SE SB ST SE SB
mix-cOMP" vaccined <10 <10 23.33 15.00  26.67 120.00 83.33 86.67  613.33
Control <10 <10 18.89 <10 <10 11.11 <10 <10 13.33

A Vaccination with 2 ml of mix-cOMP 780 ug/ml of ST, SE, and SB, respectively, twice at interval of 2 weeks per animal.
B Geometric means titers (n =9) by microplate agglutination test.

Table 7. Protective efficacy in chickens vaccinated with the mix-cOMP antigens against challenge of Salmonella

o Bacteria® No. of No. of chickens died at day after challenge Survival rate
Vaccination . N
challenged  animals 2 3 4 5 6¢ 7 8 9 10 11 12 total (%)
L ml ST+ SE + SB 10 - - - - - - - - - - - 0 100
m

10 - - -1 - = - -1 - = 2 80

Mix-cOMP* 5G
ST+ SE + SB 10 - - - - - - - = - = =0 100

0.5 ml

SG 10 - - - - 2 21 - - - = 5 50
SG 10 - -1 4 2 1 1 - - - =9 10
Control Non ST+ SE +SB 10 4 i1 - - - 1 2 - - 2 - 10 0

Non 0 - - - — - - — — — - - 0 100

A Intramuscular vaccination with 1 ml or 0.5 ml of mix-cOMP 780 pg/ml of ST, SE, and SB, respectively, twice at interval of
2 weeks per animal, and adjuvant was gel (15%) + ISA25 (3%).

B Challenged with 2 ml of SG 1.0 x 10° cfu or 2 ml of mixed bacteria (ST 2.3 x 10'%fu, SE 7.5 x 10°cfu, and SB 1.3 x 10" cfu/
ml) by intramuscular, per animal on 2 weeks post last vaccination.

e } Z4E7E HeRke-S SN 98-S 5 FrARe Al AHEA] WAFEFE 35| ARdekrte]
w3, 9, 10, 20], #ERFS = WAPHSGRES0] B i3l 2% 100% Hol&aE veRlo] OMPEYTHS
= 91\4 [14, 15, 28, 36]. thFet Fo] Ardelts A6 Wojsked a2
2 AT e vt P @Fdl s 7= 2 &gl 7 AR A

= 7tEe Ardadds [1 4 5 1918 a7zxew ArdlEigo] Wolge A|7IR U= MEAH 0
WABE7] 98t 8 dH 1521 B, C B DIl &3l= AxEe FACIY 9, 17, 28], A7-Atel weEtE F
xS = EelFEA ST, B 8L SES 7t A TR WY B Eadidlow zuo}:ﬂ AT [13, 31].

e, o5 3% #FEHEH FEF cOMP EGFLL o] 5 [3} Azl OMP WAIETL bacterin %

olgstel AUEE % AR ALHATE O ol vl BAR o] SO, HALEA OMP 100-
SI0] COMP EFIAN 0 vhp2oiie] Wolsh  0pg Al AT FAYTEA i vieky oz

—o
AlFeA ST ¥ SEE F43ES 4% 625 ugZA A Bsk bf Qi) 2 Ajd e 7|velgef tigt AP F
A EEAA 100%2] ‘%013&4# YeR R o}, SB] 7 ZAPINA cOMPEGALS ST 74 2 ST OMP¥AIZ
= 12,5 ug ol HENA 90% ol/de] Woja s, FET =2 AVLE A7 FAEE Ao Z2A] At

625 ugs HEI 5L 60%2] Wolaws 72tz vel H AFE e ol ArbEe] Aol & AR
Yo 4% e F=o W 2ol E1E AT o] AL ofgt S-S Grtel] HlE], E A FS
o] AlPAI= u-29] FAI7F 25-30 g7 HS 7A<LE) z} #%¥ LPSE o|&3F ELISAH 2|3t ﬂxﬂ 7HEA
W, o] 5 [3, 9, 10]¢] SG Ol\/[P o] & AF 100 g A AEH 2o = & = oL}, Holl U)$E Meenakshi
100 2 50 HE A 100% 2 75%] HPomaJriﬂr 5 [26]¢] SE OMP®Alo] SEFAMAI BT ELISAY] 2]
ST ¥ SEO| A%= 5% 242 & 4 o, v 3 e A FAS Rudk Ankel fARRE Agto,
o SBS] A= AR AxE AT 4 Ut cOMP FHO 2= cOMPEY S AP A sk T8 %
S5 AN L] uhg-2of sk Wolgd AFelM = o] LPSES 235k glom, LPSES Helnks- &

¢

d&
tlo
Olr
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Wolastol e 7]ofsh= Z o g dFu= ot

Ag sl A=l EH'O’P Wol g A olA cOMP
AL o s FElE 3 Nl
o ¥lE A G} e Ae® et & WalgE
L & FARTAA AR AAE BNk, RS
HxZME 675 4700 3-1097F A g HAtel 4
_g_g 2, ﬂok 5‘4 012\1-24 Z]'O]EH un/\]‘,] §.__‘+__ ;c].o]
AT 3 BHE S5 glE Aol =
"]71‘3*—3'**— 67 & 157ollA ol 2E v, vIHE
222 67 T 57NN #HF 2577 AL S )
Z3hs Zo 2 Uehfo] wulEel os AWATE o
W 7102 = RAch. Meenakshi G [26]> SE OMP
o] goll ek ZAABOIA 1 meE i3 WAl 28] 3
% 2F F TAYEA Buow o] 113 W

A gken], WA 0.5 mg BEZE B vheleln Fol &
E Ao Z Bsl vl Qlo] 22L& thEX W A A
B}z B & 9lon, At APERA FHF 14
3 7k FO] 2ZAA7E 7 IFA DAY WA HELE
Aveklahd 158 A9)Sh Fol LelHA ol iz
2o RE BlA HED 3% Andehd wE B
B He] w13 2 Aol Yol sk Aelasi. ol
3} o] MAlo] ApdglFo] $HFE EAo] FLEE=
Ao 46} 7Ye] )3 ek ohfet Afgtel

:[5;
_?_
HER Fo A0l duwdekre 4% 09 F
al
=

o

JRER %*@*POHE 7ejg Ao welt,
w3k AYET 17 % 2F 79 AF5A Bl

WAHSE 22 1.16+026 B 476 £0.780 24 H
TR 115+£1.15 ¥ 45103134 zto]E Kol

A ke, Aol HEH-9] F28o] A
A 42 Jom Hof ehAdel MEATE fles &
A ew, W FAHT hxw ATl A Ah
sted 15 B 259 A, A2 1594184 B 045+
44108 BAHOR fold 2ol 24 (p<0.05) WAl
e SAEIE AT 5 A

Holu dulx & /7S o= Ad=dzt oMP
ale] A AN TS B2 AFAHE o) sy
up glom, I a3t E3k ASHIL A [3, 9, 10, 26].
A OMP EtAle] AR dEhtEdtd el tigt
oA ] wol s A gelA, 453 2] gl 0.5ml 2 1ml
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