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Summary

The role of the exudate from wounded stem in stimulating and/or inducing adventitious bud
initiation in Torenia stem segments was examined. When the exudate was added to the medium,
adventitious buds can be induced in the stem segments. The active component was heat-stable,
and localized in the agueous phase of the solvent. When the aqueous phase was fractionated by
ion exchange chromatography, the active substance(s) were attached to the cation exchange
resin indicating that the substance(s) were basic. Dialysis results showed that the active sub-
stance(s) had a molecular weights larger than 10,000. When the non-diffusate fraction was
treated with proteinase K, DNase, or a mixture of pectinase, hemicellulase and cellulase, and re
~dialyzed, the non~diffusate fraction was active. However, RNase treatment mades the bud
~inducing activity disappear. The result obtained by RNase treatment, suggest that the active
substance in the exudate may be the high molecular weight RNA itself. On the other hand,
however, RNA molecule is acidic and not attach to the cation exchange resin. Therefore, RNA
or oligo ribonucleotide seemed to form complex by binding the basic high molecular weight
substance such as protein. Furthermore, the part of RNA or oligo ribonucleotide has bud
~inducing activity.

Key words: Adventitious bud, Oligo ribonucleotide, RNA, Torenia fournieri, Wounding.
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THE L&, TOEBRT, BEVNELOTEEREAZ LTI L2 c L, T
bbb, HENRCEYR ZHE LT 2 ENEFRURNEOU Y ORA» & 5td 208, Y]
FrohigicgEr b2 5 L EEHARIICB BT REFENMELTL B, 0L 3 %M
s nwT, PEFHMMECEEST 2ZBOME, 3 2bbV A baA=r, A—Fv 2,
NH,*, cyclic AMP, spermidine B DRI DWW TN, 7 OFEHE, HHE O spermidine &
ENEEHMNAATE &S I PO ER o720, REFSME & OERE AR D
Bgiroi?, MY EEL2EZ 5 E8BO7 =/ —VLEW LR T2 Z LMo T
20T, FhoolbEWMEE LT L5, BBOYFTHRED S b REFNHMEL, E8E
EBHERTCH 7 2/ —AEEYDBHEAET 5 2 E b P LY, L LA s, BHETO
GEEEDEHBEENPRVRRZDT, 7/ LAY “trigger” TH2 L BETE
mino i,

PAEOBET ORI, BEC L > TERT 2 FEFHLO “trigger” MEPKRHMOYETH
LHREM R TR T 20D THS, 22T, TOYWEOHE-FER2HEA~L L Uiz, H#EYO
THETHE U OB 2 HINL, IEBELRE, =T OEUIN» o O ESFGEE
BEMAEREE LRI 2D, 1HMOEES, RELHERIAEHFORETH A
meristematic zone (MZ) O ZHEIET 5 2 & T, MEVWOTREFMUICT 2R 25 2

EMTEDY, 22T, TOFEBRRERERL L THWS LUk,

M# o F &

1. BmEHE

My =7 (Torenia fournievi Lind.) DT 2/N—3F 254 MIZIBEL, 1655HEHE 8
RFfEREH (100umol photons *m™2+sec™), WE2SL 2°CORNBEETE T, WL HEIZD
YA D HIBEEM 2BRI U 2, CRERERERRS M) 7 ABR (BRERRE 2%) TI15
SRIEEL, BEACHRELL, JOFE»0ES SmOUIF 2R L THMERE Uiz, &EX
B e LTk, Murashige & Skoog OEMIEEHEK L 5 3 N2 3% a R U0.3% 7 v
T4 MNEBEINUZ b0 (DIEEMS S EFRT2) 2B, EBIZ X - Tk, benzyladenine
(BA)0.5uM £z 7z, ZOEMCEGEZEBHROEE S ZHRMLU ., BHEOREE LIEED
BREMN T 2552 RV T, 1 nlOEHI¥N 02 1 ngHEBOBHRD 2 WIdHESE2HmMmL 7.
beas 1 EMEE, XU 2 EWY, FEEL— S U THREL T MZEE2EE LR, 1HREXLED
20EDZEIF & v, EBEIEERVE L, BRI IFEOEROFEHETRL, BEEESL
B L,

2. EEESHEORHE L BREHOMRER

My =7 ORFEER S EFITROMEYARO BEAM AL, oM AERN 1 onic KL
T1gh) 1 mlOWERPCUBFEBE L., 20%, BHREZI 770X TEALEDO
PEEEBHE L L URECH W, 28, ol UTHE L o WESE O 2/ < 7 4
YCHU, FBFBELL ORHG:, IheBEREn—5 ) —2/3Kr—5 —(36°C)
PROTERELRL,

BEEBHEOTEFMICH T 5355 1: BA Ik CERIMOBHE e TRE L, 1
méDEEHIY ) Z0. 1 5 100mg M BOBHWE 2 A — b 7 L —7RE LBl 7 4 v — THRE
LTEsmL 7z,
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T, EHOBLEREERT L0, HorUHF— b2V —7HE L7 4 v
Y —WE LB BRI 50, H5VIEHICBHEERERINEA — N 7 L —THE LT,

1EERY D UEOZEYIN 2 v, FBIE 3EREDE L, BRI 3 EoEROFEEE TR
L, BERELHELL.

3. AEFMLBEZHDOSE

BEZSHRCEED 7 n RV ARHENL Tole — 2B Tait L7, B0 %
JEFRRDE LI, 20K E Y YEBETEER LR, HEOER LSV EINZ T3 HSREL T,
ZuuRVABRUERT S VEIZ 2 SRy — 8 — TR ZES MeOH THEBL, 7un
RIVAE, R FIVERUERICE O KES BAO.5pM &1 MS EHLIC ML TR
E LTz, BT MeOH 12 & 288 3o 7z, BEREEESEHRML 2o e BECE
BE i MZ #E100% & Lzf R TR L7z,

BEZBNROBESEC X > THONTKEE E 1A 4 AEEIEY 7 2w k- ThHE
Ufz, ARME%E0.IN @ KOH T Uiz, 3781 4 8 miis s o 4 (AG50-X4, H*
form, 1.5X14cm, 25mf bed vol.) IHRE SV 2B ICERFKIOOMETEREL ., 2hE2 NOT
YEZY ARBESOMETHEH L, TSRy TR - EL T v v AR RELE
D BDFHACEE L T2 (AGS0ES). B A4 ol BusE % veie U 7e 388k (BB A A 33t
FRCBEE Lo 7o Bi5y) iE, 30 A 4 VZHEHE Y 2 4 (Dowex 1-X8, OH form, 1.5X%
ldem, 25ml bed vol.) WIRE I ¥ BICAFALIM TG L, Thz 2 NOBERET V%
= AR T L, 2Ry — 8 — Tl - WEIL TERB T ey ARKRELIE,
EOIFEACER L7 Dowex #93),  OVEEMIIN A A > 2SR 1 Bog U7z s o 721
STH LD, BEEL T flow through (FTD) 4 & Lz, 2 s OBES % BAY . SuM &1 MS
FEEHOCEIML TRE L7z,

AGS0ES 29 ESFE L TOBEWEC LD, ZBEAKL 00U T 4°CT4FHEN L 72, 4
Wi 2[R, Ry — 8 — TR L7, EITPNERE S &R AEES % 2 1 Th BAOS
M % Erie MS B iim U OE L 7z,

BHTNIEES 2 T OSFEO SRR TUEE L 72, proteinase K (Boehringer Mannheim,
Germany), DNasel (Sigma, USA), # %5wd RNase A (Sigma, USA) 210mM 0V >~
BRSRARE (pH7.0) WWIBfEL, N PNEKEEI 0ug /mZ % 2 & 5 BT PIIRE 2
7z. pectinase SE-150 (¥ F 7, AfK), hemicellulase (Sigma, USA) MU cellulase RS
(¥ 270 1) %50mM OFFEEF b U 2 A RERICEIE L, BREHEEE 1 unit 18785 X 5 BN
RE SN Z 7z, WEROBERLIE L 37CT 2T - /2, BERAEKTR, 2HSTE 1
T OOENTRC & 0, FEAKL L LT 4°CT24MEEN Uiz, AN 2 ER AL, 2 VKL —
& —TER L 72, BRANEE S L BFTPRE S % 2121 BAO.SuM &€ MS EHucimmL
THROE L7z, FBRIEZEESREML 2o DA ICBR S v MZ #2100% & L 72 MR
TRl 7z,

& ES
1. BEEBHROFREF ML RIETHE
29, BEEBHBECEMICORML, TEFMbic T aBEEH . 2ORRE (Fig
D, BA ZWIML 728 T, NEFORETH 2 MZ OBUIEIML 7 BHEORE » LA 3¢
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5 ko THINL, ZOBHBICREFMEOREEESD 5 2 LI, ZORE
EMEE, Bl nl D 1 meROBHEOBIITHED &, 100mg2 8 & THES L 72235 ME
TFaZridnmofc, 51 BARFMOEMIIE LTS MZEOZFLWBINAS SR, B
HIE I EF S CFEYEVS LT 5 Z ema iz, 25 6 DHEICHFBEETE, i

Imd4 Y IngBOBHEOWINTRED Sk, BEESZ THRVEDOBIRIC IS < i
B UOFEEEEEE L 2o,

LEOER T, BHRE T 4 V8 —E L TEIIcEML 7z, Z0BHETHOEEOEZ
ERRDOTHRE T 501, 74 VT—BELEBE A~ b7 V=T HELIZBE LT,
EHIC DS D B DEPIC DWW THREf L7z, Table ISR L7 & 512, COWEMRA — 2 v —
TEEIL Lo TRDONT, IOEEYESBICRETHL I EBHLh LR oT,

2. REFMLBEINOSHE

P EOFERD S, GHEEBHRCIITEFMEBEEEITET 2 Z L HL PR 2720
T, COWEME R BET 20, SEOSHEEITS L& L, MECEL T,
B CREEE 2 T 2 WHDNC HEREE S H OB b ERE T 5 EEL D 2 201,
FNOERHEICRAT 57:0, BA 22 -8 S ES 280U, BRESESERIOSS
R E N MZE2100% X UiiEERTRT L e LT,

BYICEBREC X 2905 1To 7, BHEC 7 o adv AR RIML T L, Z0OKESR
Bl L ThoBRI TV THRE LT, ZonkVARE, BB VE, KEOZDDESD
Wik E A5 L, HEEHE O BB s i KE i FEE L2 (Fig 2),

WaRSE 2 5 A RE S BB R KRTEE LT, CRET B o ARIEIE T L, 1.
BELTT 227 A2 BELREBDEOREAIBEL, AGROBS & Uiz, BA 4 s

10.0

Table 1  Effect of sterilization method on
adventitious bud-inducing activity
2 of the exudate from wounded stem.
% Exudate No. of MZ per epidermis
3 +BA ~BA
=
® No addition 56+049  0.8%0.24
B Filter-sterilized® 68062 601062
J Autoclaving® 8.0+0.84 6.820.26

0 01 1 10 100 N .
The explants were cultured on the MS medium

with or without 0.5 uM of BA. After 1 week of

Concentration (mg stem eq. /ml)

Fig. 1 Effects of exudate from wounded stem

on adventitious bud initiation in Torenia
stem segments.

The explants were cultured on the
medium with (T, B) or without (O, @) 0.
5uM of BA and various concentrations of
exudate from wounded (B, @) or non
-wounded stem (I}, O). After 1 week of
culture, the epidermis was stripped off
from the segments, and number of MZ was
counted. More than 240 epidermis was
counted at each treatment, and the experi-
ments were repeated 3 times.

culture, the epidermis was stripped off from the

segments, and number of MZ was counted. More

than 240 epidermis was counted at each treat-

ment, and the experiments were repeated 3 times.

¢ The exudate was filter-sterilized and added to
the medium.

" The exudate was added to the medium before
autoclaving.

The 1 mg stem equivalent of the exudate was

applied to the 1 mf medium.
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Relative degree of MZ formation (%)
Relative degree of MZ formation (%)

Contrrol Crude CHCI 3 EtOAc Agu

Control Agu AG 50 Dowex FT

Fraction

Fraction

Fig. 2 Adventitious bud-inducing activities of Fig. 3 Adventitious bud-inducing activities of

fractions of the exudate separated by sol- fractions of the exudate separated by ion
vent participation. exchange chromatography.

The exudate was firstly fractionated by The aqueous phase from solvent partici-
CHCIl;, and then ethyl acetate (EtOAc). pation was further fractionated into three
The adventitious bud-inducing activities fractions by ion exchange chromatography
of fractions such as CHCl,, EtOAc and (AG 50; eluted with NH,OH from AG 50,
final aqueous (Aqu) phases were Dowex; eluted with NH HCO; from
examined. The 1 mg stem equivalent of Dowex, FT; flow through). The 1 mg stem
the fraction was applied to the 1 mf equivalent of the fraction was applied to
medium with 0.5uM of BA. After 1 week the 1 mf medium with 0.54M of BA. After
of culture, the epidermis was stripped off 1 week of culture, the epidermis was
from the segments, and number of MZ was stripped off from the segments, and num-
counted. More than 240 epidermis was ber of MZ was counted. More than 240
counted at each treatment, and the experi- epidermis was counted at each treatment,
ments were repeated 3 times. The results and the experiments were repeated 3 times.
were expressed as relative degree of MZ The results were expressed as relative
formation against no exudate addition degree of MZ formation against no
(control). exudate addition (control).

FRZ Ve L7 K (B 4 R lmEiR g L - 0 ES) 1, & o1 4 o RBRER
BT LCRE ST BRI EEAK TR LTz, CHEBERBET V= LB TERL, BiF -
BELCERBT VT2 7 ARBELLEBDEBORBKCERL, Dowex 5 & Uiz, JOH
ERIET A A > TEEIRORE L g o lHSTH LD, BiEL, FITES L, I6=ED
DOESOFELE TR, B AGOESICBEELL (Fig. 3). T4hbb, EEWEIE
HMETH D EREE L,
22O AGH0E S 2 S HE S T8 1 HOEREE AW GERL, SMNEES & E/NEE

S LA L, TS O R IR R Fig. 4 1R U2, B & 20BN N IEE
SREFEL, JOHEEMENSTFELIFULOESTYWETHS Z L PHEIL,

INETOSBEFREC L > THEEVEN EOBRERBEIN TV 2002527201, STHEH]
OB & BN B O CIEEOERE LB HNIRE S 2 v T, SE—EEERE )m’(ﬁ)ﬁ
RTHTz, % OFfER%E Fig. 5 1R Lies, FUHO MZ 23583 2 BERENNKR T
S0 -TEY, YIS a0 LAaLNS

WY TEET 5B TYEOREN T DKL, BHE, %84, DNA, RNAZ0#
B d %, RIEEWERZ N0 OFESTUWED BT »TH B REMNE 2 5 NIz D T, BT
W5 %, EEEIZBEL T proteinase K, ¥ D Tt pectinase, hemicellulase &
F cellulase DEH, DNA = 2w Tk DNase, RNA 2w Tk RNase T L, BSOS
FB1HOFNERZROTENR L, Fig. 6 7 OE %R L7z, proteinase K, pectinase
FOWRIED 51k DNase TUHEE U 7= H5 1 I E R EMPIR I L Ows LT, RNase
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Relative degree of MZ formation (%)
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Effect of dialysis on the adventitious bud - | . 2 —

-inducing activity of the exudate from
wounded stem.

The AG 50 fraction was dialyzed (molec-
ular weight cut off is 10,000) against dis-
tilled water, and adventitious bud-induc-
ing activities of both diffusate and non
~diffusate fractions were examined. The 1
mg stem equivalent of the fraction was
applied to the 1 mf medium with 0.5, M of
BA. After 1 week of culture, the epidermis
was stripped off from the segments, and
number of MZ was counted. More than 240
epidermis was counted at each treatment,

Concentration {mg stem eq./mi)

Fig. 5 Correlation between adventitious bud

-inducing activity and concentration of the
exudate from wounded stem.

Various concentrations of crude exudate
(O) or non-diffusate fraction of dialysis
(@) was added to the medium with 0.5 M
of BA. After 1 week of culture, the epider-
mis was stripped off from the segments,
and number of MZ was counted. More

than 240 epidermis was counted at each
treatment, and the experiments were
repeated 3 times.

and the experiments were repeated 3 times.
The results were expressed as relative
degree of MZ formation against no
exudate addition (control).

Relative degree of MZ formation (%)
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Proteinase K Pectinase DNase RNase
Fraction

Fig. 6 Effect of enzyme treatment and subsequent dialysis on adventitious
bud-inducing activity.

The non-diffusate fraction was treated with proteinase K, mixture
of pectinase, hemicellulase and cellulase, DNase, or RNase, then re
~dialyzed (molecular weight cut off is 10,000) against distilled water,
and adventitious bud-inducing activities of each diffusate and non
~diffusate fractions were examined. The 1 mg stem equivalent of the
fraction was applied to the 1 m¢ medium with 0.5xM of BA. After 1
week of culture, the epidermis was stripped off from the segments, and
number of MZ was counted. More than 240 epidermis was counted at
each treatment, and the experiments were repeated 3 times. The
results were expressed as relative degree of MZ formation against no
exudate addition (control).
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THEE L2856, BIMPROEERSEeIHEE L, 2RENIMNEIE >V TE, b gk
WD SN AEE RS U,

& £

TTEHELCER LI, Fv=TOEYF S OTEFMLMICE 2 7 GF
Lo TREYD ZVEEBEYSND, Eo THERZH SO “trigger” WHEEHK T2 2 &L TF
EFFMEEAL T30 LEbNE, 851, BERVEEFERNTEEMEBAOSHE
WPE L O IR AR BT U e o 12, — T, B TWE TH L8O 7 =/ — v
EEME D FREFMEFEBEELEEL, EBEZBMETCL 7 = /) VL& YrFEET
HZebBorz LY, Lonliads, BHERTOSE CEMERRENS LRV ERDZ DT,
7 x = MEEYH “trigger” TH B L RETE ko,

BRETHS P Lz, BEEZBHBKRIAEFSbIcK T 2B EEESEEL L
(Fig. 1), ZOEEYEIZBCEETHY (Table 1), FHEBEE W & 2 58 TAMICIEELSE
FETEI s, MEOEWETHS Z LnEnT: (Fig 2), 14 R EIEIC & 5597
DR S, FHEWEIEREYE CHZ I eRBEn (Fig. 3), E5XENMOERLS X
SFRIFULOBSFWETHD Z L (Fig. 4) btk Zhe OSE-BEOR
BAEFFEEEILIZIZI0E I m LU (Fig. b)), SEa3 s BE S ED T I OEEMEDE
BEHLPZLTW FETH D,

REOEL A, COEEWERSTE L ANLOESTFHETH L Z EBHBAL T3 (Fig.
4) P B TEBEE 2R TYEIIEY RV E YO X D IO TREIUTOESTIETH
A, ¥, cyclic AMP7® spermidine¥ S5l I B W T AHFEE L2 R T I ERBEINT
Wh, LarLlasse lhs OMBELESTFYETSH S, —hT, BT B THER
EEERERTRL AR BN OWESNTHE, FI2EYF 7 ot S N/ IERFEYHE
X, SFE2HUEOWMETHYD, proteinase KAFIZ L - TESTFILT 29, 2 OFREIZ
polypeptide TH 2 & L', E7WE7 VBEEROTERMMMEEDE bHRESINTED, Z
NREBHEL L WEFERE CH S L o720, 25 g EoBieosl 2 BET s 0b
® % conditioning factor 23T HEE - R I N7z I b peptide TH -7, UED XS
W, EYIC B TEBEEER TR TIESTIEIWTNOEABED L VWEEAEYMETH 5,

DNase THLHE L 7-8E810E5FbE 4, RNase T L7288 133 & A STEERHEE L
(Fig. 6). ZOFEROAD»BIX, ZOEEYEN RNA THYD, E5KESTRD RNA KEDS
EREERETLEWSHEREESEZ SRS, L LENS, RNARBEETHY, BA 4 %
HRIETH 5 AGSO WIRE T 5 (Fig. 3) T &i@dkw, -7, RNA H 3w oligo ribonu-
cleotide IEF ICHRWIEEMOEABEO L ) RESTYE EEEREFRL TwE 2 8% 2

55, BHRHLBEESTEOKS W RNA H 5 Wi oligo ribonucleotide MEF5T28, %
BLTWEOTREZWHEEZLND,

WY BT RNA BSEEESRZE O LI BE DLW TERUTO ORH 5, 14 XDIE
WIERBCRIET 28EFTH S enod 40 = ORF #3H947519, Z OBETFREEREATIZ
RNADE EFTHEETLIZOTE RSN TER, Lnl, FEEIO enod 40 255
peptide DSEIRR SN ZNSEBIEE R F D L O FHEVIZ AN, Z OB RNA S F LW
BRI R D EE S N,
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— 5T, BNZ BV TIE ORF 230 3 RNA L~y T4 - 3858 % S 2 85 7o Bl =
1L, riboregulator LW I EHMBEZ 5N TW A, B2 BNROLHL-BEEBHETOEST
Y& b Z O riboregulator IWEELIT 2B TH B EEEMES B B, F 2T, B, BRI E X
N EB NS % H» T, RT-PCR 217w, 20O RNA 4TF% DNA ICE S 2 T T
HRETEMZ T3,

i =B

b =7 OEEZBHEROTEF ST 2 EE - S D » THEA, BHRE
BHCEINT 3 &, TEFMEEFET LI L0 TEL, JOBEERCEETHD, BHEE
Bz X 2 5B CAMICIEEDSRE L., A4 BB L 3 0B 0K R S, BHWE IS
BUEMETHAL I LPFRBEIN, SOEENMOREI SESTEIFUEOESTYETDH S
ZEDHERL 7., T OFEFFE % proteinase K, pectinase &0 % BHESBEE DS 5 VI
DNase THLE L 7235810 EB4S ¥ 3, RNase TOE L EEIITIE L A EEESMHE L.

LEWHUREEDEZ OND, LHLEss, RNAZBUYEWETHY, B4 4 o HEIE Ik
FHTAHZ LRy, o T, RNA H 5wt oligo ribonucleotide 23FE# iz id WM OB EE
DEIBEFTYWELEEREERL TwE I EZoND, 35 hBESTEORE
W RNA & % i oligo ribonucleotide MERS 23, EHEEEL TV A20O T VL EFZ 51
L. -5 CZOEEMEIZIRNATHD, SOREHTHED RNARENEEL2ET L w1
BEMEDSRIE & iz,

50 B X B
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