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Inhibitory Effects of Sap from Chenopodium Plants on Virus Infection (Part IIT)

Acetone insoluble fraction

Nobumichi Sago

(Laboratry of Plant Pathology)
Received September 19, 1975

Summary

An inhibitory action of the leaf sap from Chenopodium album and C. amaranticolor was
examined on the infection of tobacco mosaic virus (TMV).

The inhibitory action was clearly recognized in the supernatant fluid obtained from
the leaf sap by high speed centrifugation (105,400 g, 120 min). Thus, an inhibitor
of virus infection is contained in the soluble fraction of plant cells as a nondialyzable and
comparative high molecular substance. The inhibitor in the leaf sap was precipitated
by adding an equal volume of acctone and was stable for at least six months as an acetone
dried powder at room temperature.

On the basis of these results, an acctone insoluble fraction was prepared using the
following procedures: the supernatant fluid was obtained from centrifuged (10,000 g,
20 min) leaf homogenates with three volumes of 0.2 M phosphate buffer solution (pH 6.0)
to which, was added an equal volume of acetone. The precipitate was dissolved in
deionized water and dialyzed against water at 4°C.

1) The fraction completely inhibited local lesion with TMYV in Nicotiana glutinosa
and kidney bean leaves, but this inhibitory action was greatly decreased when C. amaran-
ticolor was used as the test plant. This result was in agreement with that previously re-
ported using the crude sap of Chenopodium plants.

2) When the fraction was applied to the under side of the test leaf, no inhibitory
effect was observed on the upper side of the same leaf inoculated with TMV.

3) The inhibitory effect of the fraction persisted when applied to the leaf 24 or 48
hours before TMV inoculation. It was also observed when applied up to 30 minutes
after TMV inoculation. This observation indicates that about 30 minutes after inocula-
tion TMV particles might be established in infectible sites on the plant cells.
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Lo THEXRTED, THLD 3 72 W4 7w 4 viowhd B RAHLEE I LT+t
KHE LU, 7, MRTE 7 A VBEDL LB UKL 238Dy 4 v 2 iIKd 58
PP EERIIC D WTHRE U™, KR TRIIESHE, 7o VEMDOHHEIr OB LT
P OABEEEMICE B a a4 7 v 4 AT BIREEILERITOWTHRET 5. B,
KR AMKZEFR TR, 2OBEE AAMYHRESREREN Y tRE Lk,

BRBICHBLAHMHEBLURE

BEBR Y 4 v 2% X UMM © RRBICOB Lew 4 VA2 a4 7 9 4 vz (TMY) %l
FRTHY, #,52 (Nicotiana tabacum L. 5% Bright yellow) 1CH:HE U T 3 MBS TR,
b Steere' DEIEIC L DM U, BREMYICIE N. glutinosa L., 4 ¥ v (phaseolus vulgaris
L. R KR OFEZER N, Chenopodium amaranticolor CosTeE & ReEyN. ZJH Nz,
b ORME T RT 2542°C OEWREANTHER Ue., $HEORBICH 72 ¥ REY O~
o (C. album L.) & C. amaranticolor o, YoV EEE7RAT I3 2ENTHRL,
C. amaranticolor Z7 5 A BN THBK LS DT, FHEE© —20°C CHifi L THREL .
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1B, M, ZTRZTHRENI00%, 100%, 95%, 95%CTH Y, JEBEITK THZ N ZN100%, 100%,
9%, OB TH-Tc. #-T, W OMICIZAHLIBIENTD 6 NT, HH-E ORI IR LB
PFE TR bR h 5 T,

T b CLBSH D e ORERL, EOMHE OTUTE U FERIT X D HErHEE B
7z, TOFEHEE 10,0008, 200 ME LA L., BOhi LSRR T v 2L kA
U OIR2CHEMT 3 LibigEE L, ThE 3,500g, 10~154 a0 LT L L thiE s
KA U, COLREENDT & b Y AEETES, % Omilms 2MKICEmE T, 50%7 «
bREEES & Ui, COWW4% Visking F 2 — 7 (30/32) AW TEIKICH UT 15k
MBS, WIS NIERI Uz, BHtd I U R tkms 3 3,500g, 10~155 8 Dl 4
BEIC L » THREL, O LBEHBKE UTRELL. ZhEh 0BG EILER ofEr TMV
& N. glutinosa 2B IREEICE - THXE -2, = OFR, 5087 & b Y REEEM T L 5%
BeMIERIE100% 2R UTc s, 5057 & b Y ABEHELS OMEH0%TH -7, #-T, 5087
b ERENT S &S O BRGMLEER R R TES O NP HETH B LEL LK.
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WER—-FATHKEL, TOBBELT—7A%26hELTEL N ERERKEERETREL
fo. CO¥H0.5g i€ 19.5ml ORREMATHSTEL L BE®RL, 2HEIC LM —¥TH- L.
P& 10,000g, 204 P00 UC 2 © B2 U7e, B O RYPLIE/ER OBE R TMV
EZROABEHECIVITN -7, ZORKE, BoNBRYEHIERT 1002 Th 7. F72, 64
AMSBTHRELLY e FEDT 2 b VR E TR Z OBRBEMILREBWNTBETEH -T2, #-T,
vuF OIEIETNEEHRS T & b vick ABAkiTH LTy %RET, BN iomsbadhic ZE
U, BWE-CHL ARSERTRE B,
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C. amaranticolor % jz. v u¥FOMd 5 E C. amaranticolor DML DT & b Rk
WA OWME, “7 & F P ICE B4 OBEIE U FkELL., FHREESO &Y OTRIR
SIRIT X VIS, v 4 v A OBER IR ER Y OTEITE U BRI R B L.
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2WOBERMICHT 27 & b CAREEES OB DG REOFERR Table LIKR L7, ¥ =
¥ B C. amaranticolor DIEH LB LN 7T P YRERESC LT, 15 TO
TMV OB EHRE OB eIk s Wiz, —JF, C. amaranticolor Tk, TMV i L ) 573
D ORHEESEERE N, FOBREMIERE Y ey b ORBEES T24~34%, C. amaranti-
color & ORI TI0~38%TH »7z. LLLOFERNLL, 7 F Y REEESICLEY 4 VR
LB R T, SRR AERERYICA B, ORNA—ED 2R T 2 PR R
ERWIC A WA ORYELIERSET L.
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Table 1. The inhibitory effect of the acctone insoluble fraction from Chenopodium plants on

tobacco mosaic virus infection.

Application method Mixing® Mixing® Mixing®’ Mixing®
Source plant C. album C. album C. amaranticolor C. amaranticolor
Test plant Kidney bean C. amaranticolor Kidney bean C. amaranticolor
Inhibition rate?) 1 1009, 249, 100% 349,

2 1009% 34% 999, 389,

3 100% 29% 1009% 30%,

a; The 12 half-leaves were inoculated with the mixture containing equal volumes of tobacco
mosaic virus inoculum and acetone insoluble fraction from Chenopodium plants, whereas the
control 12 half-leaves were inoculated with the inoculum diluted with an equal volume de-
ionized water.

b; Average of 12 individual values based on calculations by the following formula;

1__(No. of local lesions on test half-leaf ) % 100
No. of local lesions on control half-leaf
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Table 2. The inhibitory effect of the acetone insoluble fraction from Chenopodium album leaves
rubbed on the under side of a leaf of Nicotiana glutinosa at 12 or 24 hours before tobacco
mosaic virus inoculation on the upper side of the same leaf.

The acetone insoluble fraction on the under side, The acetone insoluble fraction on the under side,
12 hrs. before TMYV on the upper side 24 hrs. before TMV on the upper side
The fraction, followed Water, followed The fraction, followed Water, followed
by TMV by TMV by TMV by TMV
76 84 76 84
84 104 124 116
124 116 84 93
102 88 96 86
64 74 86 84
97 96 71 81
122 128 93 95
128 116 96 87

Numerals indicate the local lesion number on half-leaves of Nicotiana glutinosa.

ZRMRES LUORE

o 4 it TMV, 7 OBERIciE N. glutinosa 3 b e 4 5 v EHRR UL, “Tx v
L B4 OHEDHFHECHELT, va ¥ OMERLFM LT & b IREEE S MER T ROEH
WoNIEIT D DU, JIBR QI IRHKERBICERD DT 2. BUERYE 5 FE, 24 L
L A8 ORBRRICA T, TN EFNROBERARIC, %KX OBEMY OED LRI TMV 28
HE:RE U7, C amaranticolor DIEHHLRTLOFEIC L VMM LT € b Y RigtkmaZ A vi
B4 v 7 v OREMR LT, 5 E24EMEO 2 KIZTERR L.

o, TMV A BEiil 0O mICEKER L, i biokdh UTHEE DK% 5| TR
W - 7o, F O, 54, 104, 204y, 304078 b U604 ORI T, %N £ h Ok R
B A X OBRERY ORI T & b RIS ZHER TR Y 2R ORIIC K Z Rk
B o, W, va¥rhbOmESORRICE, BEMMIE N. glutinosa 135 Wic4 ¥ 5 v %&
i C. amaranticolor > b QA ICIEA ¥ 5~ DHEHEA L.

ERER

TMV SEFICH b LHT & b YREEES 2SR 2 TR0 4 O L fER Of#
i Table3 IR Uiz, v u¥ 0D LM LT & b Y AEMEES R TMV SO 5 FH» O
ASEERIRT 2 T VR IR O R AR U IR L, BREMIERR SuEER L. 2k,
C. amaranticolor MIEH b U7 ABEETMIC OO TE S iR, TMV SO 5 KT,
QAW T & & FARICE WIS LIEERER Uiz, #-C, TMV Ei24~48K Mic B 57 € 1
AT D% D DI & B EREMILER R o @B w b i, o& K, TMV #R#%OT
2 b YREMTES RS D DT 1A ORYILIEERIC OV THE b NI kR Table 4 2L U5 1T
FUte. Table 4 Wi ONB LS Ky o ¥ 0L LR LLRAWA TR, 549 b200%E TH
W] 6 A 1T S5 S0 BE DT AN ) = TR LI R & 5 » 7o dt, 304 B B 0 E404 BT I kAL L
ERBIETOBmMERL, 604RICIEBROTET LE. %7, Table 5 LM L5 C
amaranticolor DIEH LM L7 R T ABOKETH Y, Bkl TMV BEREH% Ok
BERREL R BICONTET L. ThbOsERD, v A VA BEBBICTIEEESZRY D
I BHA, 30~4040 F TR R MLILfER A b B4, 604 M kBT 5 & T ORI Y
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Table 3. The inhibitory effect of the acetone insoluble fraction from Chenopodium plants on
tobacco mosaic virus infection when applied before tobacco mosaic virus inoculation.®’

Shocutation () 5 2 48
Source plant C. album  C. amaranticolor C. album C. amaranticolor C. album
Inhibition rate? 1| 729, 87% 64%° 60% 62%°)
2 889%, 88% 52%, 55%, —
3 87% 989, 549, 719%, e

a; Before the 12 leaves of Nicotiana glutinosa or kidney bean were inoculated with tobacco mosaic
virus inoculum, the test 12 half-leaves were rubbed with the acetone insoluble fraction from
Chenopodium plants and the control 12 half-leaves with deionized water.

b; Inhibition rate is listed as a footnote to Table 1.

c; Nicotiana glutinosa was used as test plants.

Table 4. The inhibitory eflect of the acetone insoluble fraction from Chenopodium album leaves
on tobacco mosaic virus infection when applied after tobacco mosaic virus inoculation.®’

Time after TMV 5 10 20 30 40 50 60

inoculation (min.)

Inhibition rate?) 1¢ 529, 549, 52% 31% 309, 25% 8%
2¢) 52% 45%, 409, 479, — — 9%,
3¢) 57% 539, 47%, 30% — — 1%

a; After the 12 leaves of test plants were inoculated with tobacco mosaic virus inoculum, the
test 12 half-leaves were rubbed with the acetone insoluble fraction from C. album leaves and the
control 12 half-leaves with deionized water.

b; Inhibition rate is listed as a footnote to Table 1.

c; Nicotiana glutinosa was used as test plants in inhibition rate 1 and kidney bean as test plants
in inhibition rates 2 and 3.

Table 5. The inhibitory effect of the acetone insoluble fraction from Chenopodium amaranticolor
leaves on tobacco mosaic virus infection when applied after tobacco mosaic virus
inoculation.®?

Time after TMV

inoculation (min.) 5 10 20 30 60
Inhibition rate®’ 1 569, 529, 419, 389, 69%
2 72% 59% 57% 409, 179
3 7% 1% 51% 32% 179

a; After the 12 leaves of kidney bean were inoculated with tobacco mosaic virus inoculum the
test 12 half-leaves were rubbed with the acetone insoluble fraction from C. amaranticolor
leaves and the control 12 half-leaves with deionized water.

b; Inhibition rate is listed as a footnote to Table 1.
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RS2 OPETHE OF ZRE D4 I BT S Ik, SAL0 4 (105,400g, 1204)) # O I-if
K%@%mmwmﬁ%b%ﬂk®fﬁ%ﬁﬁﬁ%@Wfﬁﬂ%%mﬁmﬁiﬂ%%@&%z%ﬂ
3,

Eh, Yy o, 16, M, L0400 W U EEEN L8R, 7 o -7 A%
(I B LI PR S WIRE ICRR 0 b NI D THFBRAM 1 Visking F 2 — 7% B8 LI HBINE
FFWHERDNI, Y=THRY", Ry Ly OEHRICE N T3 REEALEWED 5
LEHELHMEINZY DR, TRTHEBHEEBEINRTING.

TNV RAE OPEHLDS0% T & b IEHHT, T OEMRS AARIEIE LY, L HBL
2T e b VR TRER CORBEORTE TS -7, L L, 7+ b Y AHESS & LThE
bt@ﬁw%@%ﬁ#%@%@&ﬁﬂﬁ%bEﬂk@f,wﬁuk@&ﬁﬁTﬁfﬁM%@%ﬁ
BT & BRI EA IS LT B T LRSI NS,

DEI, T b IEVERSC & B TMV gl LA B AE M I R 2 0 5 & R
IRBEESEAITHLIE U7 A, FIBORWER NS &2 O L ETF L, COBRBET 7y
A2 5B U e PR DR T A RO O N, 7 h VB OV I & B IR -1
MBBLLTRETH S IR UH, 72 b PREMEES S A—0WE 2R 0 & ks
BHERPOM LI oo, RERTHEL N BYMIEESHHOMI VBT LR 7 & b >~
ST LY, BHHEOBFRA PSSR N, & QWA CHEHHE T Ok - E O X B
BEABEINTLEEEDLNS,

Trichothecium roseum OB R & BEEX Nz trichothecin % + v 77 5 & (Capsicum frutescens
L) OFEPLRMUHIHRIKE Y 4 v 2 REMILERBED LN, Ch b 2RERY 0L DL
HICHED DT T, BEORTEICHEBINZY 4 v QERAERIE Ui & 05 Hi&ash 56510 |,
U, THFBMYOHHIE (7 F Y RIEEES) OB, ¥4 vAEEER—EHCE
Do icBE 0N BRYBLIEER B0 b e, PR OB D o 24EMEI, * ORX ORI
TMV 2#E LT BEREOERICHE B4 -7 (Table 2). #HHLS X sh 7 ¥4
77 ANAEHOEERBERCLTCIREH LTS L5, 77 VBRI OB Ol
WHE IR LRI N TENIKEEL, MREATY 4 v 2B HILEEES b bR nT &
ELDRERDP SRR L.

DEW, U A4 N AETMAOREMYNICHHE (T & b Y ARBEMEES) A0 Ui iR, Mckeen'®
BEavY)eFs sy Ara (CMV) OBR24BEEHC P v 75 v OFHEERD 21T dRY
Lk BsED b EHE L L S, TMV 880 5 B, 48 Iick D 2L LT
FPOTY, BHOBBE L L ICEREHLERERCET T2 00M LIy 4 0 A BREHIEIEA
M H btz (Table 3).

T, vANAEBGROWENYIC, TOEELL I HHEE TOMTHEHE (T2 YFE
PRI ) 2 E U R T, TMV % N304 F Tl & D ic G I MER 23820 b Lo 48,
6073 THAE ST & NI 5 7z (Table 4,5), Mckeen'™ & CMV i 1 M & 2 E
o5 ¥ OPEHEENIE US4 OBREIIEHRELTL LIrRL LN ok EWE L
P, COWMOPHETIE Y 4 v 2 OBESEIEED 5304 BINIKE D 2 hud B g ik o
PERERTIOLBDbNS.

LTAHT, vANABEEROES, H#EMYOELCHEIELERICY f v ARBER LI
GRS BRNEREL NN EBEHINTHESSS . £ FIHODAEER K TMV
BHET 5 LERIUTHREAER S B, HMEHR3045 L LA UTERT 3 LREBHRRIE
EAETERENIELBZEELL, TREMAECL DB ULFEEEETARMREAE LI E



52 BRSBTSl 55 40 %5 (1976)

BLTy A v @i b Rliticd 23 0 MM LE, #E-T, 7H¥FEMGTOREEIEDE D X
SIHEMTER LTy 4 v 2 REVEHLET 3 L3003 5219 BiE, BRAED R DI,
FTRLLEN U E R WA AR e RER D OROCH D D) A ENRD B
LELOND, Abi, TOBRELLEEUTHRERMYICY 4 vAZREERT 2846, BEL
5By A4 N AR TR0 BRI E D EEGu0nb W B BRI A ES U THER R TS
LEFRMEND, §E-T, TMV 8304 LG ORBIRIIZICE D 2T 7 A v B
DB U ic L By A v A BEEHIEEHE SRS S bR E W Lz,

## =

v u YL Chenopodium amaranticolor TEH LM UcBiiiiic X 3 2 a2V 4 7o 4
2 (TMV) b3 2 YL fER Ic > W THRE Uz,

PR A B A O 40 e (105,400g, 12048) 1 L USEHT LTH S k- Lisicid # 0 2 Lk Ll
VERBRD L NI DT, Ao ETEEEMCELE L, EEFEOLRNES THWEHETH S L
FEibiniz,

PEHBICE028 7 2 b w2 B3 5 EA RS L L, W LM LT € F R Tl
LB 6N AMERTRETS - .

LEOBHRIL ET%, ROFHETHHEL L 74 b Y RAEWSZME U Ui, kb
L, THVIEHY OIS FRO 0.2M ) YERETEIK (pH 6.0) Zhi X TERH Lick, 20
iy (10,000g, 2040) EFHICHR OB T & b Y ENAZE b N B A MAKIGEE X 2 0bE
Bt Ui, B EEITHIcd: U Rt s i ik Uk,

1. 7 b YRS & B R HILEIE TMV & 4 o5 o 2063 U 7o B A58 4R 9%
BEZ2 L Uicds, MEfic 7 2 W BRWAER LS KT Uiz,

2. B OREOEMME TR ETICHEME N TMV iICH LTHIEERIZ T b1 h - 7.

3. TMV 24 & 2 > 12485 B 57 DAL B¢ & J&e LI FEF 253800 b e,

4. TMV Btk OMBTIE, H304% % TR LB HLIEEH AR Uz, TMV 1385
304 CIRHE ALICE A UTHIRIEKT UF OB OMITIREIEMS O E bR,

At (5

HWFZE BT T B 7o DI SN K AR B BB R SR U2 D, F 7o ieE HF SR I 12 AR E
ROWHEEEA bN, TEMPEA EBERETHYEEb ot CCRELT, BHOREET 5.
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