FEale sl A 383 A 635(1995)
Agricultural Chemistry and Biotechnology
Vol. 38, No. 6, pp. 528~533(1995)

ZH|E (Amaranthus mangostanus)|A{ EH0|2{AM
CHEZ) (AAP29)S] Ea| 3 SN

& AYNE Amaranthus mangostanus) Qo)A ¥ AL FE3}e] S-Sepharose, Sephacryl S-200 HR, CM-
Sepharose, Blue sepharose column chromatographyll ¢]3le] ¥h A 3HA Adl50] U Futo]dA dhld
(Amarnanthus antiviral protein, AAP29YS ¥-2jsigch BAE v¥de] 2% SDS-PAGEJA <F 29,200
ojdew, FAHLE 90<pl<96?] @714 T dz At Foll A3t 50T A 2083 A A
o= 849 W= gldey, o] gy AR AT B4 S in vibo translation systemoi| A 24 gt
A 50% AsleE (ICo)= 0.18nMojgth 2ujel o) AAP29%} cucumber mosaic virus (CMV)E 4
AZE3sto gulolax S YEAAYS FF AAP29E= virus ZEE FAF) ASAIZTE AAP299) N-Tdt
ol Al 9.2 ADLTFTVTKDGTSQSYXTLXNXWRXWo]lon 7]&0) ezl th& RIPHe TAAHL ¢l
ATHI995E 10 5Y A+, 19959 119 69 ).

Moo=

o FARET A3EE ige) dgE nlolgx
ot Aol {7}, satellite RNA R}, A+
RNA 7=} (Ribozyme), vloj2l2 9|5 thij do] )
AR & AEAN AY TAAFLEZA Hioly
A HAES FEIEe AT o)FoA T gle
H, o]H3t vl A FHAES o83t W=
Duggar®} Armstrong?o] 1L52EFNS )83 nlo]
& ZEAAEHRE Bag o Al&o] A3 nio
A& AERS FA5taR Simons & 75%9] 2
EFHAA niolgls AHED S ZAMSIATE Wyattst
Shepherd®<= Phytolacca americana| X &ufold 2A o
A PAP)S E8]3t92 0 Grasso®t Shepherd”S- Phy-
tolacca’} 43+ FAAHE (Centrospermae) 218 59 &
ALgE @l do) Q)38 B st ol ¥ Phytolacca amer-
icana, Mivabilis jalapasolA E]¥ ujolel A whl
o] ol3std EAn sty £4, ulolgia #d
A& 71 o] ATFHULH D o|F Phytolacca ameri-
cang| X F2|E Fupolgl A vz {HxE @
e} HAAtol) HAAGS AR FAWSE PRt gl
AN AHFFY npoleize] HFAFS Yehgt®
FHIAAE LR AE Fodo] wiolz2 7+ A
AH7L Qo] g 1F MAAeFolA Fujol
Ay duldo] FEjd vt Iok® 2 A3e $8 1
9 FAALoERH wlojgls AYY HES A
7] A% N2ATE FU A E A FutolY Al
gulds gty @ Fo] AES MAusgen 1%
A8 E (Amaranthus mangostanus)| X 28] HA 3 3

ulolgj A gulgel EAE Wistuzl gk

M=

Alg 8 AMS-3E ZE (Amaranthus mangostanus) S
1993 o Fol ofe]o A AFstd 1 ke FElEto
—80C WEalo)l BasHEA ALESRT

ChyE 22| HH

A8 490gS A AL d8 & Waring blenderd]
zZrolaA] 50 mM NaCl, 0.2 mM PMSFE #7}3F 9t=-2o
A0 mM Tris-HCL pH 75, 1mM EDTA, 10 mM f-mer-
captoethanol) 2000 M2 F&3tgth o] & A A3y
Ao ACTHAA +Psl¥ct &5 M-S Miracloth2 13 o
3t 15000 goll A 30% FAEE s AL AFqL
gid 2Redoz st 2FE4 A ammo-
nium sulfate 30~80%Z A AA|7]31 EL N Ad E
Mg & o] FEAS gFdoz mg HFPYF A7l S-
Sepharose column (5X13 cm)ol] F¢3l F2F ¢
A& 0~05M NaCl linear salt gradientE Zo] £&A|
Zcth FAESL FolA] ammonium sulfate 80%= o
A4S - AZ] ¥ Sephacryl S-200 HR column (3X 100
cm)ell A1 0.1M NaCl& -3t &3894 AR gel filtra-
tion 3t} o714 Lo H o SARELS CM-Se-
pharose columnell F¢}3te} F2E TR ES 0~05M
NaCl linear gradient® &Z&AJZTh 4lo] ded &
3o wolN FTFHSo A3l FAURSY FF3
At o]A-LZ t}A] Blue Sepharose column(1l.5X 14 cm)

F=4 : Amaranthus mangostanus, antiviral protein, ribosom-inactivating protein (RIP), amino acid sequence

*AH A A}



Hugel gulolel iy wuiz 529

A 1z} &2 0.1M NaCl-g 353 20 mM Tris-HCl
buffer(pH 75)%, 22} &2 12 £&93 1M NaCl
33 20mM Tris-HCl buffer(pH 8.6)Z linear gra-
dient2 E3Fsle] HAAJEHH Tk

7\ oA B Ny &3

I gl 3 AeEe Walsh 599 whie 3
23} rabbit reticulocyte lysate2- AL&38}= in vifro trans-
lation system (Promega kit A}8)S ¥ Az
U E Hyste 4383tk WA Eppendorf tube(15
m))oll ribonuclease-free H.O 3.5 W, RNasin ribonuclease
inhibitor 0.5 p/(20 U), amino acid mixture (—Leu) 0.5/,
[(“ClLeu 25, BMV mRNA 10 W2 ojx &3 ¥,
of 7)) ©uld 23 3 /9l rabbit reticulocyte lysate 17.5

& ¥ 30CoA 6027 WSS WA ol
gzFoe w9 2 588 AT A2kt
vr8-2 15M KOH 10 W& 9ol FA A7) glass fi-
ber filtero| W89 8WE FHXZCH FAHE T A
o] ¥%% radioactive amino acid 7|+ M| Hdle] A
Astg et M-S WZbE 10% trichloro acetic acid &
Aol 104, B B FEAIZ 5% TCA &89 5%,
5% TCA S A M& 23], ethanol A& 23] =02
39t} Glass fiber filter= A& & A%xA)7]3 Liquid
Scintilation Counter (Beckman LS5801)%14 c¢pm= &
At

e

=Xt d SHH &%

ARG Ao} Bapgke 125% SDS-polyacrylamide gel
A71Qso2 FAsP. FAF A AH8E HE
Wl 2.2, phosphorylase B (MW. 97,400), bovine serum
albumin (M.W. 66,200), ovalbumin (M.W. 45,000), carbo-
nic anhydrase (M.W. 31,000), trypsin inhibitor (M.W. 21,
500), lysozyme (M.W. 14400) Fo)3it). ¢l o) plzk
24 93 isoelectric focusingS LKB multiphorll&
o] &3t9 11, Gel Bond PAG filmd] F7 0.5 mm gelS
qtEo] AL8-319 T Gel& polyacrylamide (T=7.5%, C=
3%)°l| carrier ampholyte pH range 3~10 (BIO-RAD)&
AHESt] uread ¥R %S native FElE TEUTH
plate- FEF el A Q] phycocyanin (pl 4.65), B-lactoglobu-
lin B (pI 5.1), bovine carbonic anhydrase (pl 6), human
carbonic anhydrase (pl 6.5), equin myoglobin (pI 7.0),
human hemoglobin A (pI 7.1), human hemoglobin C (pl
7.5), lentil lectin (3 bands, pl 7.8, 80, 82), Cyt C (pl
96) (BIO-RAD) &3} nlusta) ZA4gstivh

chlEol Ha
gl A Ao BCAMYo| whelil bovine serum albu-
ming AFHHE=R A

gutojz|ANM MEAH
o] mao]A upo]HA(CMV)Z} o Hujol

o

10

mM Tris-HCl bufferpH 752 F& (1g/Hmhd &,
F29 A LGS A E DR ] T 2NN S
H-&2 £t ¢wd Fx7)} 100 ng/ml, 250 ng/ml,
500 ng/miQ] virus BENL TtEo] 2] (Nicotiana taba-
cum cv. Samsun) A =EX A 71Ed A
gulolgiay v An 498 vy {3ty w=
Southwest Texas State University®] Irvin @42 FE
Hekubo pokeweed antiviral protein(PAP)% 250 ng/mi,
500ng/m/ FEo2 At hET2e CMVEE
A A FHE AMYFE ML, HE F
6, 104l z+zt virus HAL AR

N-2Hc ojo|icdt MEEA

AAE A oF 4ugS SDS-PAGESA A 719 %EA]
Z) 3 PVDF membraned] A2, 50V Aejoll A 30&7t
electroblotting 3}tk Blotting buffer2 10 mM
CAPSE A}&3gth Blottingdt w8 a&  Coomassie
Blue gMo g 3Qlslal Awd ¥, Applied Biosys-
temsAt] Protein Sequencer 476A% M 2O E N-
gt opujial IS BA3HAT

dn ¥ oa

CHHE | M|

gl " z2ZZd.9 ammonium sulfate fractionation,
S-Sepharose column chromatography, Sephacryl S-200
gel filtration, CM-Sepharose column chromatography-2]
2L Az Fig 1oAet o] Blue Sepharose
column chromatographydt Z3, T AFA =& o]
o BIe B £ otk 1Ela 4 REE=
SDS-polyacrylamide gel A719%5S st SAFEH
A g ghuld We g EelEtglom, Eajake] oF 29,
20022 APHAC o]F B GMEL AAP2E T|A)
gt

3R] ghujoled TuiAL ribosomal RNAQ
EABE depurination AJAX @A FAE A&t
+ RNA N-glycosidase &4do] )+ ribosome inactivating
protein(RIP)!121- 5o 2:3}7] wjitof zv F2|ThA o4
chd Hslo] gk i aelE 3 AfE e A
sto] giA g Rtk Irvin? Irvin %0 ml=zt
2] & (pokeweed)ol| A #-2j st Futole 24 ohil A(PAP)
So] XL 27000~30,000, Takanami 50| Mirabi-
lis jalapa) X H-&g Iujole| 24 Tl A(MAP) 24,
00001310, oo ) FEe] RIPEAFS 25000~
32000 ALEAM AAP29 EAIEE o3 & Aolr}
1gdty. Z1ear Stirpe $22) RIPEF-o 23 Type 19
£3g & F AU

chiEel S
AAP29E EFT A 97 AR AFed A
Fig. 26141} 2o} 5xd3do] pH 90914 964tell gl



530 Z747 . o)
A 0 100
x 5w _
2
v g
0.08 w0 8
-
2
£ ;
S .06 6o g
& g
~ .
< ' o . =
2 u.0if— b Elutiont Elntionz o 8
< e
o
=
_O
0.02 0B
al
=
|
ERTS -
0 1
0 10 20 30 10 50 60
Fraction Number
B
29.2

6 7 kDa

Fig. 1. A Elution profile of active fraction from S-Sepharose on
Blue sepharose column. Elution 1; 20 mM Tris-HCL, pH 7.5, 0.1 M
NaCl. Eluton 2; 20mM Tris-HCl, pH 86, 01M to 1.0M NaC],
linear gradient. (*); RIP activity at constant protein concentration
of 1 ngftube. B. SDS-PAGE of the fractions eluted from Blue
Sepharose column. Gel was stained with Coomassie Blue. Lane
12; Elution 1: lane 3-5; Elution 2: Lane 6; Gelonin: Lane 7; Mole-
cular weight marker.
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Fig. 2. Isoelectric focusing of purified AAP29. Isoelectric focusing
was performed using LKB multiphorIl with 0.5 mm polyacrylamide
gel (T=75%, C=3%) containing carrier ampholyte(pH range 3~10)
on Gel Bond PAG film. Lane 2; AAP29. Lane 1,3; pl standard
proteins.
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Fig. 3. Inhibition of protein synthesis by AAP29 in a cell free
system. ICs, was determined by two replication.
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Fig. 4. Effect of temperature on the stability of AAP29. AAP29
(0.34 ng/pl, 20 W) was incubated at different temperatures (0, 30,
50, 70, 80C) for 20 min, and the inhibition of protein synthesis
was examined. Negative control (NC), without mRNA. Positive cont-
rol (PC), without AAP29.
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Table 1. N-terminal amino acid sequence of AAP-29

Cycle Amino acid Cycle Amino acid
1 Ala 4 Gln
2 Asp 15 Ser
3 Leu 16 Tyr
4 Thr 17 -
5 Phe 18 Thr
6 Thr 19 Leu
7 Val 20 -
8 Thr 21 Asn
9 Lys 22 -

10 Asp 23 Try
11 Gly 24 Arg
12 Thr 25 —

13 Ser 26 Met

Table 2. Antiviral activity of AAP29 against CMV infection on
tobacco leaves.

Symptom™*

Treatments* (ng/m/)

6 DAT#*! 10 DAT
1. AAP29%? 100 + +4++
2. AAP29 250 + +++
3. AAP29 500 — —
4. PAP* 250 + + 4+
5. PAP 500 — —
6. CMV** only +++ +++

7. Buffer solution only - -

*In each treatment, equal volume of AAP29 solution and CMV
extracts were mixed and rubbed on tobacco leaves except treatment
6 (CMV only) and treatment 7 (Buffer solution only). PAP was
used as a reference for the antiviral activity. ** Symptom: —, no
infection; +, slight infection; + + +, serious infection. *' DAT, days
after treatment. *? AAP29, antiviral protein from Amaranthus ma-
ngostanus. ** PAP, antiviral protein from pokeweed. **CMV, cucu-
mber mosaic virus.
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Fig. 5. AAP29 activity suppressing CMV infection on tobacco

leaves. Photography was taken at 7 days after the treatment. A:
CMV+AAP29 500 ng/mi, B: CMV only.
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Purification and Characterization of Antiviral Protein (AAP29) from the Leaves of Amaranthus man-
gostanus

Kang Jin Cho*, Seung In Yi, Yeong Tae Kim and Young Soo Hwang (Department of Bio-Resources, National Agricultural
Science and Technology Institute, RDA, Suweon, 441-707, Kovea)

Abstract : An antiviral protein (AAP29) with ribosome-inactivating activity was purified and characterized from the
leaves of the Amaranthus mangostanus. Purification was accomplished through crude extraction, ammonium sulfate
precipitation, S-Sepharose chromatography, gel filtration, CM-Sepharose chromatography and Blue sepharose chromato-
graphy. This protein was about 282kDa and strongly basic with the PI value between 90 and 9.6, indicating that
AAP29 is similar to Type 1 RIP. The AAP29 showed high thermostability without activity loss even after 20 min
at 50C. In cell free system using rabbit reticulocyte lysate, AAP29 inhibited protein synthesis with an ICs of 0.18 nM.
This protein also reduced mosaic symptoms of cucumber mosaic virus (CMV) on tobacco leaves. The N-terminal
amino acid sequences of the AAP29 are ADLTFTVTKDGTSQSYXTLXNXWRXW and shows no suquence similarity
with any known RIPs.
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