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Development of a Specific Antibody for the Detection of Ice
Nucleation-Active Bacteria

Ung Lee, Mi Kyung Kwon, Ki Young Seong, Baik Ho Cho and Ki Chung Kim*
Applied Plant Science Division, Chonnam National University, Kwangju 500-757, Korea

Frost injury of crops is closely related to the epiphytic population dynamics of ice nucleation-active
(INA) bacteria, and the injury can be reduced by decreasing the INA bacterial population. In order
to predict the epiphytic population of INA bacteria on crops, a rapid and accurate detection method
has to be developed. In the previous report, we produced some antibodies against INA proteins puri-
fied from the outer membrane of INA bacteria. However, it was difficult to produce the antibodies
because the purification procedures of the INA proteins were complicated, and the final yield was too
low. We designed a specific peptide from the N-terminal region of INA protein by computer analy-
sis and synthesized the peptide in vifro in this experiment. The peptide sequence was Asp-Ser-Pro-
Leu-Ser-Leu-His-Ala-Asp, that is corresponding to the highly conserved region in several INA pro-
teins, with predicted beta turn, coiling, and hydrophilic region. A polyclonal anti-INA peptide anti-
serum produced specifically recognized INA bacteria as few as 10 colony-forming units (CFU) in the
ELISA reactions and did not respond to other non-INA bacteria. Serological specificity of the anti-
INA peptide antiserum will facilitate the forecasting of the INA bacterial population dynamics on
crops.

Keywords : antibody, frost injury, ice nucleation-active bacteria, population dynamics.
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vh 2 1990). WMol 23t Fale fde ol Alge] A
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= s AR A7) fE HEEA] a5, mEtA
o= olF A% B2 wpHEe] JEEHIY ok IF F
Bolgo] e MEMAS olgarl} Solzel Zejoln)
(primen) & ©] €3 PCR ZAAWHo] F2 Wol AME-Ho| $to
o e zel A9l ok & B Fol Bug ols
& Agaplele FAZ Aok W, YABYE Y 3T
% 91+ micropipette method(Joisson &, 1992)4} drop-freez-
ing method(Lindow, 1983)= Ald 7&9] A¥r+= vi$ H
ST A700] o] £RHT GE2UE Fe)sjdok 5]
Eol] MAUE ok 93 WP OB ARE7]elE A
%t webs tHEAE A (polyclonal antibody)E o83t
AAEEE Fots| B7) 93 k¥(lee 5, 1997)0] o}Fo] &
ouf, WA Fwe opiz} Aol NS OE F7Y ¥
A 2 HEo|HA Aol A HAEHA 1 G4 9%
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ol A71HNeH, WHEY dejdo] girhilgo] 7] wjio] &
shel TR o] o] FAFo| T Tl 3l e
ZA C|2717HA] B2 BE3 AJZke] AQFHE ©e] A
A5o] gt}

WY A A o] EAEH (Kim 5, 1989b;
Kim 5, 1996; Lee %, 1997, Lindow %, 1989), &o| g2
WA FZE ¢ T2 o) gl AEAS {251
o} (Lee 5, 1997, Warren 5, 1986). I3+ X271 2Hz)
W] A EL Evat AAT2 FEH9EL 3
RO ZE oA} octapeptide repetitive sequence(Ala-Gly-Tyr-
Gly- Ser-Thr-X-Thr) & 7FA 2 %1t} (Green and Warren, 1985).
3, ] S Ak d@AHEo] 150~180kDag]
EAFS 7L 9oy (Kim 5, 1996; Wolber 5, 1986),
55kDa AEe] opm|l Tet Reuto 2w WAFA S eh)
7] Wl (Kim 5, 1996), & ©ajde] ojmx Wtk Be
© WA v SO REY ZoE FHHUT (Lee
5, 1997).

2 aFidXE, £ $& gk Alge] Akl o
71R] HEj ] thlg ol ofu] Tt K9jo] FE Q) HElo)
E (peptide)E ABHNA FA3 oo tigt S A
B3tk o] FFHS WA G o] AHE o 7R WA F
o REAIA Bo 24 5olF HAE9| rhgoRg s 3
A, AN A& WA Fe] TALUES ST 5
de AL 7Hs HhHE BAE) Huxt HTh

HE 3wy

glshE CHEZIo) of LE O|MTZ= (membrane topolo-
@) 2 AR 278 WS vuE fU9E 5
Pseudomonas  syringae®] inaV(Schmid 5, 1997)¢} inaC
(Lindow %, 1989), Pseudomonas fluorescens®) inaW (Schmid
= 1997), Xanthomonas campestris®)] inaX(Zhao and Orser,
1990), Erwinia herbicola®] inaE(Warren®} Corroto, 1989) %
Erwinia uredovora®) inaUMichigamy %, 1994)2] W3 ALE
9] shj 2 m| A £ 2E glycosylation] 9] 2} A4=Ad(hydropho-
bicity)ell <J&] AA3ITE ©]= TMpred program (URL:
http:/fulrec3.unil.ch/software/TMPRED-form html)o]] €]af o]F
3

WaE S0 BE|S Solol SiF. Yay Buy
£ 7l multiple region®] 842 Genetic Computer Group
package®] “DIAGON" program#} “CLUSTAL V” program
(Higgins 7, 1992)% o|-&3l3ich QAL 7o Feel =
& FAES WFSE thA] "ANTIGENIC” program$ o4

ofo

5
sfe] 4ol 3 8H Aol Lolg 59 (antigenic
sit))2 AwstAch HAwE geelrel 34Ud 7zE

“SIMPA” program(Levin¥} Garnier, 1987)2 2 2435} Flo]
AAY (turned) Z-& HOFA Y& (coiled) F9)5 Aot
5, WY HEE T deo] B2 RAZRE &5
4ol Fotd MEH] EEHO JYg RO diHE B
g ZY, OF F FERUH E F e 99 23 A
o H, olF FAME DA 23} 24} FoRAY B
olA e FHE 34 Autsin, WAGA ) SojHY o7
AAR = HEe|l&= BAE S

EElo|=2| g A EHe] A 43719 e s 34d
Hetol= FHolN A ZAE A HAD 10719 of
o)Ak Shte] Helo| =2 sle] )=o) TANA Laboratories,
Ltd. (3019 Linkwood dr., Houston, Texas 77025)¢] David Ruan
HRALoll A 2 =]sted FEtO|EE FASHAL ool g gHalA
< ZAEGTE oldf 948 Helolse st T IrE
7H FAE F25H7] 98 KLH couplingS: 3tx, E7lo)
2F A9 AAFALE 83] AAIG £ At

HEW|Z Slo| A7 A, zAE Ao 9rk= 9o
2 10000081744 314 the: 10ngs] B4 HEI=E 8
o2 sk ELISAYo) o3 ZAi3ic

ELISA 248, a7 28 SAAZS sl o
2} microplate(Nunc Co.)oll S50mM carbonate buffer(pH 9.6)S
0|83l FEl(coating) 3t FHE platet= 4'CoAA 3124
Eot AA 3 U, 474 9 (washing solution)(Kirkegaard & Perry
Labs) 0.2 33] & 3I¢ich Anti-INA HEejo| = g 2ol
(Kirkegaard & Perry Labs)©. 2 3]A13}o] wello] 10044 £
T3 The, Aol Al 3027 ¥ES-3Fch Microplates= =41 <Y
© 2 33] A& T3, goat Anti-rabbit IgG conjugate(Sigma)
£ 05% Tween 20°] 718 PBS (pH 7.4) bufferPBST)Z
1:4,0000] EA 343t wellF 1004 Hrg & A2
A 3027+ REAIZTE THA] microplateE A0 2 33] A
Z{ 3}%1 2 goat Anti-rabbit IgG biotin conjugate (Sigma)E PBST
Z 1:20,0000] =HA 33t welld 10008 H7H3 & A
o)A 1417} ¥h2-3t9 T} MicroplateE $-M|H 02 33] A3
3l t}-Z, avidin-peroxidase conjugateZ PBSTE 1:20,0000] =
Al gAste] welld 1004 H7HeE - AF2olA 1A17F ¥k
3%t} Phosphate-citrate buffer (pH 5.0)¢]] O-phenylenediamine
dihydrochloride(OPD, Sigma)Z- 0.4mg/mle] EA] =2 &, 30%
H0:E A7iste] A 712N S 35 sl 7HHA well
T 100dY H7yste] Ad2olA 1587 shSAIZ T HhgAA]
Ao Z 25M HSOZ welld 10044 FH71s 2A], ELISA
reader®] 495nmol|A ODZFS &3]3l th ELISA9|A] ofAdut
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S.9] BHL preimmune E7] AL 13 FAZ AMES ()
) Z7o) wla] 2u) olAke] ODZRE 71E 2R 3t eH, (+) T
Z7AE $902 T4 AElS 0ng AT, 17
3 24 Anti-INA SJElo] = A2 1/100,0002.2 543}
AHg T

Anti-INA HEJO|= Sixje| weiMzol ChEH Sold ZE.
2o A B =o] SAE Pseudomonasss 105, ErwiniaZ; 2
Z Xanthomonas%: 5% D Serratiady 159] W& B A o
2ol HelolT Ao 3t WS AR WHEAE
micropipette H(Makino, 1982)°] <J&) Ao Hete|=
2] @ 9SS ELISAS SJs) ZARISIT

glsinZe| HE|I= SAol CiSt HS ZAL &40l
g1 WAAFE F U M4 2ert B3 Pyl &
o1¥ Pseudomonas syringae pv. syringae$} Ao e

Pseudomonas spp. 2 nutrient glycerol broth (nutrient broth 8g,
2.5% glycerol, distilled water 1 [ )ollA] HEH] e & 343t

Fig 1. Deduced transmembrane organization of an ice nucleation-
active protein. (A) A profile of the hydropathy plot of an INA pro-
tein, InaE, predicted by TMpred analysis. +, hydrophobic region; -,
hydrophilic region. (B} Structural feature of the INA protein based
on previous results and present hydropathy plot. A putative plasma
membrane signal sequence (S: Z4), a hydrophilic region (HR: W), an
octapeptide repetitive sequence (ORS: ) and a transmembrane span-
ning region (TR: E8) are shown. Asterisk marks denote the glyco-
sylation site. (C) Deduced transmembrane topology of the INA pro-
tein embedded in the INA bacterial membrane.

o] ¢l FAEtgr) S U E nutrient agar glycerol % HilA]
o] Tatated 10'~10cellyml SE2 XSS 248 o
&, gAulse) whet Helo|= gl tidh ¥h3-E& ELISAC]
o3 ZASIAT] Anti-INA Helo| = 3HAl = ¢+ (Kirkegaard
& Perry Labs)& o] &3] 1/8~1/1,024 (28454 S)7HA) 3]
Hato], 7t AlFe] 3A FEEE skt

Z o

WaiE ClZlol of LR DMTE JuAZe 2AE
B2 A7]EE A%a] ZA) S8AE AFAAs 44
Y e FYRL ZAstelol Bk olAT PAE Z

$ 223t Hebd AT AT JoR B
23 39lo) seAnol 13 YR WP & ) o
2ol olziat RS ol olo] SolFel YAE ZAT

f3ta 97] Wil BE WAMFE FTHE AT 7
Qe e 54 E2744E fod g olE A%
of WA 7% PAAzel Aok AR G FAb
_‘

He ZABRT. 2% WABY BRASOE 60-75% ©
Ao) AEAS FA519 2% TMpred programel &jsl 4 €
AFAe] AT NEZH o) FARFATFig. 1. ©] 23
L 3h}e] transmembrane domain©] FFEEA] T Fejo] &
A EHE W5 F1, glycosylation site 7} membrane spanning region
2 ZHoE oflw B Belo] ZA AR (e 5,

1997), WA Ao ojuli- Wido] AELTLOE EF
o] Ye Ao A UTKFg. 1).

HlsHEA] CHER] £0|X HEIO|=2| M. Computer search
o} wagy hlde thit ARE FHste] 2o g iR
o FZE w2 dlo] ojul Lo RRE WHBA

InaE GKGSDSPLSLHADARWVVALEV
InaX GKGVGAHLSAHADARWVVCEV
InaV  GAGTSAFLSVHADARWKVCEV
InaW GQGSSAQLSMHADAKWVVCEV
InaC GAGTSAFLSVHADARWIVCEV
InaU GKGSDSPLSLHADARWVVAEV

GxGxdspLS1HADAXWxXVXEV

Fig 2. Alignment of the N-terminal amino acid sequences (from 60th
to 81st) of several INA proteins. Antigenic sites are shown in bold-
face and the sequence of synthetic peptide is underlined.
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Fig 3. Titer of the anti-INA peptide antiserum estimated by ELISA.
Antiserum dilution factor: 1; 1:100,000, 2; 1:30,000, 3; 1:10,000, 4;
1:3000, 5; 1:1000, 6; 1:300. Synthetic peptide (10ng/ml) was used as
an antigen.

B ZH] AdEAdol 2 F9E Genetic Computer Group
package®] “DIAGON" program3} “CLUSTAL V" program<
ol g&sted Msigich At Relo) hREES W go A
FY gL FYT R2F A= octapeptide repetitive
sequence(Green and Warren, 1985)7} 2 vlelgor, 1 9]
of 2 7 FHME ALt AT ]SS e s

olo

=
o

i) Aol Loldt SdYF-UE ANTIGENIC program O
E AR A3, o)E F olv| WO ZHE 60WA| ofu|i
A B0WA ofuiAt Mde] JH B AYAE TR E
AL ANEHATE Ee o] B9 AA wd IS i
o5 &3 X BHME FolXH HolRle YR F
Ao, 3] Leu-Ser-X-His-Ala-Asp-Ala 5-9= 7} ¥]8)
B SASTE v A5l B2 MEYUo R B
Hol & ACE diEo] FAAE veld £ e P F
48 BoE FAHHAL mA o] RYE FHoF Helo)
T A ZA] 288 A 7ol 107119] o}w] ‘=K Asp-Ser-
Pro-Leu-Ser-leu-His-Ala-Asp-Ala) & HEZH o2 Muslgy
(Fig. 2), Arg Hefo]=e] T4 2 Anti-INA SElo]=9] 2
A& v]=9] David Ruan ¥AlollA| 22)slgt).

Anti-INA HEIO|= gX|Q| 27}, §4) Hebo|=d U] ant-
INA HEeto|= 3A419] 9715 ELISA o8 AA 3 A7} (Fig.
3), 1/100,0007}A] wi-¢- =& A7Fe FX312 e 3
9 %2 100ml J=HTh T3 ant-INA HEejo|E x| =
FHY o= RE [gGE . 223x] R AH ARLsish

UMMl CHEH Anti-INA BEIO|= &Hxe| S0A. =)
oA EeEo o]slEty FAo] SFH A4F AFEY 9F
208 FeI5h2 W24 micropiperte WOZ 2g3le]
L 75 FQA31, anti-INA HEelo)= &A)71 884
< B3 AdET 50)3 02 uheah=R9] o3 E ELISA

Table 1. Serological relationship between the anti-INA peptide antiserum and epiphytic bacteria

Relevant Freezing ELISA
Bacteria phenotype temperaturea reaction
(C)
Pseudomonas syringae pv. syringae INA + -58 ++
P. syringae 23 INA + -6.0 ++
P. syringae 24 INA + -55 ++
Erwinia herbicola 47 INA + -8.0 ++
Pseudomonas 7 INA + -79 ++
Synthetic peptide INA + -10.7 ++
E. carotovora pv. carotovora INA - -15.0) -
Pseudomonas 1 INA - -15.0> -
Pseudomonas 2 INA - -15.0> -
P. syringae pv. tabaci INA - -15.0) -
P. marginals INA - -150> -
P. fluorescens INA - -15.0) -
Xanthomons campestris pv. campestris INA - -15.0) -
X. axonopodis pv. citri INA - -15.0> -
X. axonopodis pv. vesicatoria INA - -15.0> -
X. axonopodis pv. pruni INA - -15.0) -
KACC 126270 INA - -15.0> -
Serratia marcesens INA - -15.0> -

*Measured by micropipette method.
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Table 2. ELISA responses of the anti-INA peptide antiserum to the INA" phenotype P. syringae pv syringae and an INA phenotype Pseudomonas sp.

Antibody Congcentration of antigen (cfu/ml)

dilutions 10' 10° 10° 10* 10° 10° 10’ 10° 10° 10"
1/8 ++ =" ++ - ++ - ++ - ++ - ++ - ++ - ++ - ++ - ++ -
1/16 + - + - + - + - + - + ~ + - + - ++ - +4 -
1/32 —/- ~/- -/- -/- -/- -/- + - + - + - + -
1/64 -/- -/- -/- —/- -/- -/- -/= -/- -/= + -
1/128 —-/- ~/- -/- -/- -/- -/= -/- -/- -/- + -
1/256 -/- —/- -/- -/- -/- -/- -/~ -/- /- + -
1/512 -/= -/- -/- -/- -/- -/- -/- -/- -/- + -
1/1024 /- -/- —/- -/- —-/= -/- /- -/- -/- + -

*Absorbance range at ODaos of INA+phen0type/INA'phenotype D++; 0.17-2.85, +; 0.12-0.169, —; <0.06.

o o&] ZAH}E Tt (Table 1). I A3, anti-INA Hejo]=
FA = ALY L §As L de AgEFS AS] vh3st
gon, HagAo] gl AFsSde Ay whEstA Futh
T3 A Ayt wogs JRES FA W
AN TS GA Hebo| =gk w-e A7 (+) d27e} vl&F A
T2 73 v yeiglth 39, SrEgAE 34 el
T -10.7CAA SANZIEZ AR JaE8Ade A8
ATk

glsNTel s=o| T2 HEP|E X9 HE LiZ=
Anti-INA Helol= ghA| o] deAFo] dd HAE IS
ZAVeH A 3KFig. 4), 183} 1/169) 38 0 2 10'~10" cells/ml
o AFEES ASY F Aok 1329 FFHe=2E 10°
cells £% o449 e A& 4 AUtk 4, 129 3
x IFMEAME WddAo] Qe Adde A v
a4 gttt wEkd WA g HE $lolA anti-INA 3
Elo|= 9] A g4 & 1/8 - /3201921 ol 1
a4 F9] AZEL 10 cells/mlolA 10* cellyml =) 3}
A5k ol Tk WM FS EE7} EolXTEE anti-INA %
Elo|= A ote] whgol wE FAT Y Aol ehtA] &
okeh

n #

Aegeil) WANTE ABAT A4 AFoE, e
2 ek WHTY BaEe AT K4S ) o
Bofl Hl2d I(2C ~ 20)lME F3HE fdshe AL
2 284 9tk (Kim £, 19892, 1989b; A 5, 1989; Kim 5,
1987; Lindow, 1983; 8} =, 1990). o]#3 WIAFAS 71
AL P syringae, P. fluorescens R E. herbicola 5 40 H%
o 0|27, o|59] M) uel T3 HHE A 7HEA]
717] Y&, ol 3] A% WA YR &3 T

g8 o) 7HA) HaMFES HAFTHE NG F3)
A ARY 5 Y= wlel 2alo) Bes

t}ed 3| WA AL A &3 Fol dEHE 60-
70% AE9) v =& A= (Abe 5, 1989; Warren} Corroto,
1989y GRS 9T, AAE YT DA opn|e T
9% A9 722 deE FANIH(Lee 5, 1997), °lEE
BE Az 3EH T3 M2 wab yEEr] Wl
(Lee %5, 1997), FEHE o|4s Y7 TAFTH o}
o] Th2 AR Hhgd) vlg) ul¢- E&AY A0E AYHA &
th JEy UEA duFe] gggolr] wiFo] AHAd
e B E3 ko] Wo| A5, AAFAE ¢ ZAE
ko] ufjg- 2ol Bajs}r] wEel Ag3strlels $A7F 9l
ATHKim 5, 1996). 3, FAAE FAHSs HHBA
Dulae] rhage) o] FolX7% SHEAT LA} 150kDa
~180kDadl|] ©]27] wEd| A7} oJFI(Orser 5, 1985;
Wolber , 1986) 2 $llo] Sol4 §R¢) ZANE 4
Fe o] UATHOrser 7, 1985).

b ol ZAE sldsly] He AIEE WA oY 7}
2] WalA o] Batshs WaEy dASM AFAHE 9
gt} ££50] Q& A2 AARE HEl|E FHE2S com-
puter searchol] 2J3] 7FA13} 31 ch(Fig. 1). Signal sequence®]
ZA(Lee 5, 1997), &40l gt WaEg ohgo] shi
AAYH e B4 2 Boje BT ¢ glE A FE
(Abe %, 1989; Lindoe &, 1989; Michigami -, 1994; Schmid
=, 1997; Warren=} Corroto, 1989; Warren &, 1986; Zhao=}
Orser, 19902 ZHH o2 Tejsled, Fol A 9| Ao
ol£g = e F MY Heels FAE AFIAT ol
FollA Aol ouldt AE A Fe FEHH 2
T 5 UE RAE AFH R A ckFig 2). A9
5919) Aefol= NP2 in vimoolA] F3tel ool B 3
9 2AHGT
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WL el o, Aeddsl WadE ANEES 5
F A AEZ N7 1x10 cellsml7pA] HAZo] 7
ATk (Table 1, Fig. 4). Byl opa), WagAo] gle Alast
+ A8 9hEskA] Zshth Hso] 231 A2 AMEE biotin-
labelled conjugate®} avidin-peroxidased] &3+ A&ubas 7+
o mEst Hold whel SaNE HSold wee Uol
WAl g9tk ol AL o] &3 AA WM 7HE B4
7F 3 Sl HIBelA wh-g U)oz FEF RoA,
g seto|te] g go] Wagy Tty g So)
Ao sty U3 Wl T itk SR &9 A
Folle & 4 AFEE Al 9ol 7473]) 22 Algol
U FAFEo] A8 917] wiEel] o] thil wgel &
o)A o:]b'f': A& AES 7tk & Aojth
Elo] 9] —PZ}"*Ol w4 Zo} %"LE o] 7}
FAS T3] fiMe td B %9 &
288 ZA0E AAAAT, }L’E}EWW Aol
sE fUE A42E AAF 1g 3 10° cellso] 7] o
Tl o] A ol&3t] FEHE AY3=dE oFF-H
TAZE glo] ok J8u d8Ae] BoldE vEEe
28] Helolmnio g FEAE ZASG 7] dEAA T3
Top Ale] MAEE tig AABAE AAHA gtk =
AE el Mgy o] HHEAE o AFHF oY
S H(Kim 5, 1996), o]2i3t HH A A YoMz B
Aetol=nt A=) diio] g AFEo] 7124
o By ¥ AEt FREE BAFHY] Wi Z o)
i"lxl B ﬂ_i 5“4 wh2bA 7411%3 °l Rk

Anti-INA SEFOLE Gl W) e 15 Sol#<)
3

rt(
mi

”J —% U'—‘HOH’_ om, °l ”Xﬂ“ ?—lxﬂ 3%_7%11*1 3@74
A& ks AR A A JMeske Wg 23 2
ol 8 Zlog diett I¥d: 733 HEl|EE in
vitroo| A FAHH 0 2 A o] 753t Y AT H|wF 4
A A = A7) wEel, o] Mefe]= WaAigol EolF
A ek kite] sl B E-& & 202 V" 5 -
Aol Heolt A7t Bo| o] E5T AT A& o
A AlAEAdAME potyviruse] Udh AAFE HiA AR A
HCrescenzi 5, 1997; Joisson =, 1992; Joisson %, 1993:
Ohshima §, 1992)5 Aty E vl$ AeF et oz
A P st AR 83 B4 programe)
WEE 3 B 1 ol§ WUt Hold A= datsd, 1
A FEet oz} AEHY vAEY] 27 g 2 Y F
HE AL g dEshotr o877t B8 Aed
o AEth

2 o

FAEY T AE AR A4 WHAF] ML )
F BHo] 7] BB o)F MFe MAUEE UFo] FO
2AM A E ol F A o= YHAF] TYFTHE A,
Rg3| ol Sslofor 7Rsah o] morg 9)a HAH e J)
o] AlFE Aotk ABoA $-el= W MFe] HEe et
SERY WA duEs PAsl FEHE 2ASYLS
U o AREEE WEA gehd e ARzt A2
3 Bege] S35 Ho] dgglelle ofugel Atk £
d7reldE AFE B2 B8 &3 ol b ookt 3y
Alate] QS S oprli wofA, FFAde] F 9

Tof] E&Ho] 1S JFsAol B2 J\QE}OIC 9 (Asp-Ser-
Pro-Leu-Ser-Leu-His-Ala-Asp)E XA SR, in vitoddlA] ©)
HeI=2 Pyald ool g fz,' 26 2% o) 3

A2 10 cfwml & HANFHE 958 AT 7keig 7
HElEAdol fle A MFEde= Ad wheslx] ol W3
‘ﬂﬂ'q]“} 5oldolqity. & A3l os #EA o] Helo|=

+ in vitrod| X FAGFHOE Ao] 715817] wjEo WA
‘1'—1"°ﬂ EolFQl gt klt/] el o]&E F 3E A2Z 7]
it

HEIES
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