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W& R

6-BA 6-benzyladenine

Boc t-butoxycarbonyl

Bzl benzyl

CM conditioned medium

DMF dimethylformamide

Fmoc 9-fluorenylmethoxycarbonyl
MES 2-morpholinoethanesulfonic acid
MS Murashige-Skoog

NAA a —naphtaleneacetic acid

PSK- a¢ phytosulfokine- «

t-Bu t-butyl
TFA trifluoroacetic acid
Tris tris(hydroxymethyl)aminomethane

Trt triphenylmethyl



YIRS, ZREOBEEZ R > AL MEL BT, 205 OMIa % 882 &4 F T
BT B EICED, BAMLETRWRKNICE LBk E FAET BEH BTV S, =
Dor{eggEtE (totipotency) EIFIZN2HMEBEEOHEZFAL, B2 A—DRIEFS
FFD U O— M2 ERIT B EHTE, T TIRE < ORI BV TR S THY, BRAE
DREBEFER EEENTHEERMIZ 5D BITWE> TWS . EYNEBENICE>TWS =
DEENZT7ITEIE M T 7201, B, ERHAICIR D B U - M= EREED E Y 2 >,
BEEUX EDOBERS O, MYHEINES THEF—F 2 EH91 A S 2 EDREMIZIB L
THERTHIENLETHLD, IS 2EEOENTIVE L DBEEDPHLEE LI RE L
Lo T, BEREAMOBHMEOF MY, ThOBERPFOWTHICHMET 2R RED TS 2
EHTED. INSHEMEOBITIE, R0 “PIHL”, TRbBHRMEDIBEEMES = &5
—REITH D, PMMEIT L > TEUZHIV A EIFEN S MBART, Y TIVE D 2HRMLU -5
HTHAREET 2 Z TR D RMURB R MR U E 2 kAR SET S 2 &N TE S
7%, MM E OB EETEAOMEE LTESHE ST,

COLII, MYHiiaOEIER KUMEDBREI, ABMITN2DOWAZ2I> hO—)LF
D EMHRRIZIR D TE TV DA, RIZRECBNTHREFBIH I N T WEY 482 + &
BRBEAZDPNDPHISNTNS, ZTOOEDIZ, MBS EO XS ICHIEER & L TE%T 3
EIEFIT N, HEIET D T EANTE ZEPHINEA, AL 2 B R UIR MR 72 5 1 Tl X 8
Hffifla s U THEETS &, —RIVIZ10% cells/mIBA FOMIEE TIZE L < MESIH T
LEDSBEENDIT NS, TOLD), FIZAITEETEA LD OGN S ik 2 Ee
SEBHBZ 1T, nurse cells EIFIEN S “B#” AOMIAE S BICHEERITFROIZET, &
FELTOMREEZED D TENKETHS. FN T, BEEYHIEIIESE TIT T
ERLKTBOTLESIDOTHAIN? ZOBWIZH LTI, WS DONDEBRMEENSRDL S
BRETINEZSNTNS. §iabb, AR EICB S NI ik a o
JERTZMWL, EORTF ORI BENS 5 —EHEEBA D MBS EBET 2 2 &NT
ERHLVIYETH 2. 18- T, MIEIMEEE DL IR THLEBEICET 2 0k
BN 2720, BBV, B THRENDEEDHFINEL Z>TLES 20, MIRhEAH
WHlEND 2 LT s, FEE, —EEEICE - 72 “BHW” #9725 conditioned medium
(CM) I 2 R ET 2RTNEENTVE Z ENFSNTRD, ZOXREEHSHM
WLEDETHMRIIINETIIHDVN DMIRALNTE .

1960 £ UTfTH Nz Stuart & Street 5 OWIFEIE, ZOMERF 2 LFEMICHS ML &

1



DELEERAIDEATHS (1). #51, HETVHIF (Acer pseudoplatanus) Dz
M L, €0 CMAHIRLRAERESI R 2R D L 2R, ZOMRRBISEEOT I B
DEEY E, RADEREERSDIRETH 2 LT 2. —F4, Bayley 5134 1 X(Glycine
max L.) Oz T CM ORERF LR, BHFO7 > Eo 7 NEEYETH S
LHEFEL (2), £/, Sargent & King b 51 XOREEMMHRCM QR 2B EEN S,
TIEZT ETY VERLAYAIIEERER T TH B LHAILTWS 3). LaL, Zh
5 OMFR, HL5EEMEOHEEANDR > ERTTY I V8, 7B AREDLEY % H#
EL, TNS ERBMITRINL TZ OMIBEBREDREZBRD O TH D, EMREICL HIE
HZIERE L TCMELZE L T &S, RAEENFEE AW WEOBIIThbhT
WEWZ &, £z, IS OMENTIRONZ UHIEHBEROBRNNELR+HRBDT
ol LB ENS, CMHPICE ENAMMEHICBEES T 5T X TORFEZHS ML &R
EZ 50750,

TD%, 19804FEMRICAD, Bellincampi & Murpurgo i3, =2 ¥ > OiE#ML % £ MR E
WCHWS ZEIZED, CMHIZE ENSHIMLHEFE R T (conditioning factor) MALEMME I
DWTHRELZ (4). K512, —EORZIOMEREZHETIODITTED, ThEEEET
X —LIZT V=T 4 2T LB IINVELSZ, 20 ABICIN—BREEERT S SN
DHETEMZRIE U2, TORKE, BERTIEEEZECRE - HE, BIUEE (100C
15 min) 123 U THEBHRE T, 7IV5BICEDATFRK 700 OKBRENETHS LHEEL
TWa. UL, ZOEYREETIE, BEERICBTZ2 02 —FREN 1 ~ 2% 1077,
TEEYE ORI BEICIRED 3 > 72721, MPER T OR 8- BB E S lah - 72, 2 01%,
B SId, MinEREOVMIEEE 2B 5 2 &1k > TE S NS MBLEERES RIT, (£
BEEOMEERBICCMZEMA S Z LT TRERIER I AW Z & 2RI, BEETI
H—PHETIIR<E 2 OHEFELUTHEERALERDEANEEL TBD, CMHFIZTRTOIE
HWWENIREINTIEETEZEFRNERELTWS (5).

—77, Somers & Birnberg 513, NI EOIT OEEMBHEOTONIZA N2 ¥ —
VIZTL—F 4 2T L, &Y TIVERML THERBES~ 10 B0 0 —HRERE
BET 5 LI L TEMME DRI 21T D AVREREHIL L (6). B~ 707
L—=hZHWD I ET, ZOREE/NEULLU THBER T O BEEEZ RS, TOLEHEEICD
WTEI SR Z2ITo 72 (7). TORKE, EEYE I pHS TIRELET, pH2 A F8 MU LTI
KIGE L, B ETRKBRICERE NS 2 &, £2FHN T LRERRICRES W &,
MAT, RASBBLOTINABETY, P FRENI200THS ZERENREIN. H5IE,
INSDHRES IR TORKIIF VIS4 RTHBS EHFL TS,

2



M UE, Schroer 513, {EKHIFAEE TIIFEHL TL ES5HIICCM 2 5.2 3 &2 0 £
EEEIEDIENHERD EWISHRENS, CMPIZEENMIAD AR EM LX B 2WE %,
viability factor (VF) & U TZOHBZRAZ (8). MBI, INaEZ2 T DR
ZRHWTTOFHIEEEZMRE L, CNETHRE SN TEEYHIIEHEE T OME & O ik
ZITo72d, TOMRKRE, VFIZZE OMEICBWTEBLTBY, -84 OBEENIE DR
MEVEIZIRZ) 3L RIEENEIETZ I LE2HELTWS. 0%, K513, iEEmE A
VIYu 51 RTHHENIHRDODETHEDL 7 F > h 5 ACHT BVFOBFM &R
S URRERD S, TOEHBEEZHDBREHREL TS (9). F/-, Teasdale & Richards i
< (Pinus radiata) D##MAO BN ZEEICHEEMER FOEEERL, EHEY
B3O TR 1000 AT T, EMRICEFEIN, HBMEUCRE (80C, 1 h) RERTF R
DODPETHB I EZRLEZ (10). #5651, CNS5DEREZ2EZEDET, RFOEKITRZ
S5XFVTY VAT RTHAD EHFEL.

NSO SHIETL T, CMHICHITZER T0EET 5 2 &IdhE W<, Fhidk
BETOTREIEENS THEREOMETHD LN THHEELLNS. LHL, %
BOMEMDOREZLZBERBNT, ZHIEEETRFOEENHELMNIINTWBIZHED
59, HEYHIRERERE T O BB RN U2 & WS MBIk EN.

BFEDITENFORERESITR Y, MY EBOS T TIIk4 2EARETFEHENE R
(RIS EA T S Z LN TED LS I 7=, MY T 2 il T OB A L7251
TH, LEMETH ST/ 0NY TV L (Agrobacterium tumefaciens) DTi 75 A3 R
NI —RX&EDHE, RVZFL>JVa—)viE, Ty broRLb—32a>
(electroporation) ¥, ¥ 27070z 7 %)l (microprojectile) #72 &, BRI UT
ZLDHENEFET D, LALAYNS, HETHREDOREBETFEAMAIO » %8tk L THAIE
BERTDEIBBEIL, T4 —F— LA Vv —iFE EORBIERICES X528 0\ONER
THY, ZOFRTEL TREFMTI970ERLUELESEL TRV ES > THBE TR
W 6o T, BLIDOHERFEHEBL, TOMBEZHALMNCT S ENTENE, HLWM
TBEREYEDORER THDDOHRRE T (LEER L ZHER T2 HWS Z &k DY
BERODHRILICKERERE TS Z EMNHHEINS.

AROCH 1 H TR, COMERTFOAKEMAT L E2E—0EMELT, ETHEND
o2 R TR DRESL 2 B s UREH 2 BRI R, 7 285 H A (Asparagus officinalis L.)
EAMEZ AN TEBO THWRERRDOREMIL LI E2RRS . RIC, B2 B LU 3
BT, ZORZERAN, < OBEEHEOFMARE 21T, 7 A8 H AR B3R DOCM
25 R TIRIREE TR & B8 T DML R Y RTF RE BB L, TS 2 0ET 2

3



CERWOTHIN Lz Z E&ibR3. 554 E T, phytosulfokine- ¢ (PSK- o) & &4}
72 ZDNRTF RO ERIEOWET Z1T20, & 51 12BEOERRE % FWT PSK- o s
EEMEBIC DWW TRET LR 2R RS, B 5E T, LEERLEZPSK- ¢ 2fANT, 7 X
IND T ARURE DB EE B B2 % 3 %, 320 cells/mIfREE D F) LS E T HHE A ZOEED
KOHIVARITRI L7z Z 2R SB. £, ZOBRT, 7285 H 2D IB %5 B
BICIE, BHDST BT AMF D ERVWTBL ZENEETH DI EHHEMNERS -,
FEO6ETIE, PSK- o LEEMOHEMFINE S THBNAABLUN6-BAA, DS ICHERE
HAUTHIIEEZEET 50N EHSMNITIE—BIBE LT, MRRET SV M A—F—
ZRHWTDNABRIIKIZTENTNOMEOHERMBT L. LT, BBICHET7ETHE,
FIFTNIVUEPSK- a ZAAWTNA 2T 4 2T 7 vEA 217720, Mk Fi PSK- o 4
BEMANFET DI EERHL, TOMAERBIVRREEZHSMILEZ L2IRAS,

ABFFETE 5 N7z HE R, MR ORI, RO SN TWAN > 2 HLVWRT
DEGLTNWS I EZRLUTHY, EMEEEONBFICH -T2 DR SEERD T &
ZHIREL 2w,



BIE EVBREEOHE
(&)

RO SEBEEME R, BT 2 ENE UTHRZITRIBIC, TOREES
V2 D1, BN O E TRIHRE DB WEMREEERL TEDINENIIH B EE5THB
B TV, YRS RF OFED, T TIR170ERIEH I N TV MND 5T,
RETZDEBITRI L2 BIN2n Db, BYREMREENEELRN D THS.

ABETIE, LT HEMHILEMER T ORY, BEEFRICHA G2 EPREEZHITS &
ZHMELT, W<ONDOFHEREREVER L. ZOBRBIIBWT, 7ANI HAERED
SEPHI AL B SR BIAE 2 FUA U TR OBFZE 21772 5 /= Jullien O (11) ICHFHL, &
EIDERBRZIT78 5 7208, HIEBEFRHICE EN TV & SN D HIFREEEER T OEEZ2R
H3 % 2 LR TERD o7, LML, 7RIS H ARG bR B 2 Ak 3% 5 5 BRI,
MR TR DBDO CM 2T 5 L&, &L HEEIMEEE NS Z ENRNES
N, ZOXRZEDLITUTHFREVBEEDOHLETRD ZEMNAETH D EEZ NE.

AETI, £97 A5 H ZAEAMAL SRR 2 i e & LT, 509
DHIIETEIC RAE T ZIR, B XTI D CMOFRIASHIREHEIC R IF TR RIC D W TEMIC
BREtzimA, MRREERTIH LR WIS 2R T AR RO 2175 /.



(FTEtB K OTH5E]

1, ¥R

T AN HA (Asparagus officinalis L. cv. Mary Washington 500W. % ¥ i) 0%
T2, JUNEELE (BPULFIE) 2ANEFTHARY b (ER9cm) ICEEE, ALK
K= UNRIE) NTHERLE. ALKSENOREIZIER T 20,000 Lux, HEIZ1 H 168
[IFASY) 8 e im0, IRBEIS 25°C, MEEIEMI80% & LTz, BT ILm ¥ RS 3B TREL,
RERCHEETICIFRENHLEELDOT, MMHERE 21 cm OEARSICEMELE. =
BITIZ, RRAEER OBERILIEOMN SRELZEREZ V.

2, ZEPIHAG H Sk B e o 3

EIWI0ecm @7 ANS HRAEREE, EPREIIT 1A, CM OFEITIZ 200 mlH7=D
ARERUTZ. MELUZERER, 70% 1% ) —)VIZ 30 HIEERE. 10EHERY >FKRILI
~12100 ml 720 2D Tween 20 ZMA AT 10 HMIBE L. S SICHERZEAT
SEEF L7z, RiT, ZU—=ROTFRRTHIAMFED 2 F 4 — (10 ml, BT %=
AW, BERE KT TEREEERE, BRIKE3T L mORATF UL AR Ay > a0 (BREEME
A TIE#E L. K ZEEOH8E (100 x g, 3 min, Kubota KS-5000) 95 Z &1z & D ERER
A 2 PEBk & B 7. TEBR U 7= it A S R R KIS B, WO BRI B R R
KT 2HREEIEROKRL, ERITREMZR .

3, REhoFR

HAl i, Paul 52Y7 285 A A 5 AIHRIE B sk BRI O WA B 381 B W I LR 2 B 1T
U7 (12) (Table 1). Wetkiiihld, SAMEMCREREZ BOBED AFBES LD E512K
BAKTHRLTHHEL, 1.0 NKOH TpH 5.8 &L/, WK 7 1 )% — (ADVANTEC
DISMIC-25CS 0.20 1 m) Z AW THBEE L7z

4, Conditioned medium (CM) D#E
WEREE MR 2. E o)l )V F o)V ) mERGHER (B REREMTE) 2HWNWT. $5.0
X 105 cells/ml &£725 XS ITHHL, Z D 50 ml & 2 (EEE O RAKREEH 50 ml ®-&EF 100 ml
Z2300mlO=MA7 5 A3ITMA, VA2 E2MRIET, BETF. 28C. 120 rom DE&LET
ix¥ ki3 (TAITEC BR-300L) U7z. Mifad’@#ic iz ik 5 5% MA0 10 H B, %A1
i (ADVANTEC No.2) i2& D CM ZEIXL, -20C THEEEHEEL =,
6



Table 1. Composition of the culture medium for asparagus mesophyll cells.

Macroelements (mg/1)

Microelements (mg/1)

Organic constituents

KNO, 950 FeSO4-7TH,0 27.8 myo-Inositol 100 mg/1
NH/NO, 825 EDTA'2Na'2H,0 37.3 Thiamine HC1 1.0 mg/]
KH,PO, 85 MnSO,-H,0 16.9 L-Glutamine 1.0 gl
CaCl,-2H,0 220 ZnSO,4-7TH,0 8.6
MgS0O,-7TH,0 185 H3;BO, 6.2 NAA 1.0 mg/!
CuS0y*5H,0 0.025 BA 0.3 mg/l
Na,MoO,2H,0 0.25
KI 0.83 Sucrose 10 g/l
CoCl,*6H,0 0.025 Mannitol 30 g/

5, HEfEDREE

ML EICIZ 24 RO A 70—k (IWAKI 3820-024) ZfWw/-. ¥4 707/ —k
DIwelH720, HONCHHME T HHBBEO 2EEE L7725 XD ITHE L /- S Eig
250 n 1, A{EIREDWRMKEEM 125 1], BWEREAK125 11, 2B BRE (ADVANTEC
DISMIC-13CP 0.20 1 m) #FRLUZCM 125 p 1 &M L <#EHRL, REYLo-drE=
WF—TT—)V R, BET, 25°C, 120 rpm D&M TiRE % (TAITEC BR-300L)
L.

6, HifaDEig

100 {5 DBEISLERMBE (OLYMPUS CK2) FT, HENICHEET 24EMREK (Qu=—#
e EEE), MR, BLUtano-—mMEkZE 1 well Z&ichY > ML, 3wells
U EOBRERZSHLIZLT, UTOHERICHWI O —BRER ERSZIR), B IO
fREFRZREH L. COHGOIn—&id, 2HIBU LA -/MEED - &2,
1 EDOERNMRICHR T ML E 1 a0 —&FHB L. 65T, IO —BRE Gl
HE) L1, bEBHEBEMIEE L THEEL TWAERMROS 5, MssRz2HEBLI0=-—
ERRLIZHMOEIE 2% T 5. £k, AEMREEMBORINC, BEREIOsE:
HUEE LTz,

C(%)=a/b x 100

C:Ooo=-—iE MEAHRER) adIo-—HMME bEaK
L(%)=(b/(b+d)) x 100

LiifedaER brAEFMnK  d3emink



[(#RBIUEE]

1, EMRE RO

CMHIZE N SR FOREIIE, 183k, HEMEERO IO NS MERATSZ
EMBIND TN, AR TIRT A/ H X BRI BB 2 BB & L THWE. 20
MIIEN S —EREDBEREH NS Z &L, BRICRES 2 1 XT3 T Tl x h
27, HEMNEENDEFERDOBNE VWS BYERD. iz, MlBoEEER IO
L—=hZ2HANSZETRZ/NEULL, —EBRE DY TN ERET B I EEZAREICL TV S.
AR THWD EVREROMBIEZE Fig. 1IORLE. a0 —BRE HESZR) 13, 6
VEEBE T THORMIBEERZ 2 Z L TEHLE. 088, 1707 — FOEIIEAR
MlEZE, ZOEEEEBE THRT 20T, HEL TRIFNAHIEOBZN IR THS.

Asparagus

officinalis L. Homogenization Centrifugation Single cells

-

Count total No. of divided cells Microplate

Fig. 1. Isolation of single cells and method of bioassay. Single cells were
liberated from these cladodes by homogenization in a glass homogenizer
containing sterile water. The homogenate was filtered through a 37 um stainless
mesh, then the filtrate was centrifuged at 100 x g for 3 min. The precipitated
single cells were suspended in sterilized water, and dispensed into 24-well
microplates at a volume of 250 ul per well. Culture medium (125 pl) prepared at
four-fold concentration and various sample solutions (125 pl) were sterilized by
filtration then gently added to the cell suspension in each well. The plates were
sealed with Parafilm to avoid evaporation of the medium then incubated in the
dark at 25°C with continuous rotary shaking at 120 rpm. Mitogenic activity and
cell viability were determined on the 6th day of culture by counting the number of
nondivided cells, dead cells, and colonies (division into two or more cells) under
an inverted microscope.



2, ¥V EHIIA S HRICRITTHER

TANT A AERMREEREMEZ, #IHMIREEE 5.0 X 10° cells/ml, 2.5 X 105 cells/
ml, 1.3 X 10°cells/ml, 6.3 X 10*cells/ml, 3.1 X 104 cells/ml, 1.6 X 104 cells/ml ® 6
BEEICBWTRAEERL, HEMKIIERIU3HBLUKI0AE ETOHBBRE LTS
TR, MR RERIIFE B O )M B 22 I kE Lz (Fig. 2). T7bs, 1.3
X 10° cells/mlPA LD m#E A B TIIMIAIITE R I HEE L, 5280005 7 H B i3 2R
80% IZEE L 720%, 6.3 X 10% cells/mlEAF OB ICH W T M B EIMEL 72 5 15t
WERICHIRA > B AME T Uz, #12. 3.1 X 104 cells/ml L F O ¥ IIE 25 T, 10 B S

100
| 78— 5.0x105 cells/ml
80 —<O— 2.5x105
¥ —O—  1.3x105
g 1 6.3x104
2 60
o)
(&) p
O
[¢}] -
3 40
= .
0O 204
0 -

Period of culture (days)

Fig. 2. Effects of the initial cell densities on cell proliferation. Single cells
were suspended in liquid medium, dispensed into 24-well culture plates at a

final volume of 500 1 per well, and incubated at 25°C with shaking at 120
rpm. The mitotic activity for each well was calculated by dividing the total

number of colonies (division into two or more cells) by the total number of
living cells.

100
80 -
Q 1
o 60
3 1 —TF— 5.0x105 cells/ml
o 404 —9— 2.5x105 cells/ml
S | —°— 1.3x105 celis/mi
3 20 —f&—  6.3x104 cells/ml
—H—  3.1x104 cells/ml
1 —®— 1.6x104 cells/ml
0 ——
0 2 4 6 8 10

Time of culture (days)

Fig. 3. Effect of initial cell density on cell viability. Origin of the cells and
culture condition were identical with Fig. 2.



ULBREFETTHIFEACHBENRT S Z L3720 5 2. — 4, BEBEIAEOMIEF R,
I E R I <EKER T, BRBB 7T HBITBLTHT0%REDE WV MEER L= (Fig.
3). TDEIIT, T AINT H AZE I i Sk BRI I MR A D B, Fisd TR D DEAREIR W)
U EEAFEEE RTINS, MRMEETOWRICEY M TH2EEL 503,

3, CM 2SS RICRIT TR

Fig. 2ITRENZHERD S, MRSV BHREI DI WHllREETHDEEZ O NS
4.0 X 10 cells/ml OHEf3RERIRFIC, CM ZBKEE 12.5%, 6.3%, 3.1%, 1.6%&L/x5
KOWTIHRMUBEL 2. ZOHE, CMOBEKENIZEL WO —HRROBEMMNELE S
N7z (Fig. 4). ZOERRIIBIHEEK, BLIOHBROMIOEE% Fig. 51CRL~E. B
BT HEHOR R THETS &, CMZ 125%BMLAEZBENED I 0 —HRENE L,
THNUTH 2N TN EOBESTII OO —BRBIIMET LU (IR L TR NS,
CM%25.0% 5 2 72856, HEFBR7THRICBITS 10 —FRRIL, 23.5% 1K TFLE).
BREOCMZEZ S &, DA > THIEENHEI NS NS EENS, CM I ITHIRRE
FERT7Z TR < MR Z HE T 5 MEIE TN TV A AREINER X NS H, CMHicid
B SR OEREED S EN TS 2, Bii8IITERWN. ZhS OREEMN S, I
JBEEE 4.0 X 104 cells/ml OHIMLIERIEHIZ, CM ZEAERBE 12.5%RNT 3 2 & T, DT
R E < HIGEEN F 2RI TE 2 ZENHL N &R0 7. ZOEYRE RO BERTRE
CMIZHELT1.6%THD, 22V MO EDORRERMBIMKEFRIE L5tk

100

| —O— cM125%
804 —o— CM 63%
—O0— CM 3.1%
1 —a— oM 16%
60 —~f@— Control

40 4

Divided cells (%)

20 4

0 T T
0
Period of culture (days)

Fig. 4. Effects of CM concentrations on cell proliferation. Single cells were

incubated in the liquid medium at a density of 4.0 x 10* cells/ml in the presence
of various concentrations of CM.

10



DEVBRERITHARL0MELL LB L, IEHEORIMICET 2 A%b 5~ 7 B EE & i,
2. RA2 0T L — N TEYRERITRD 720, 1 EOREICHERY > 7 ILERIZCM IZ#t
FLT62.5 n1 &M TR, LEZORZEMNT CM HFICE £N 5 MIIMAEE T DR 5,
HffzfrizoTn Z&iT L.

Fig. 5. Micrographs of the asparagus mesophyll cells. (A) cells cultured
without CM, showing only undivided cells. (B) cells cultured with 12.5% of

CM, showing many divided cells. The initial cell density was 4.0 x 10% cells/ml.
Cells were observed after 8 days of culture. Bar = 50 pm.

11



F2E  MMEMEET O E SRS

fEY) ORIEME T ORI EIC DWW TIE, 1980 ERBEITBNT, W DMOZEH
RESNTVEY, KEETHFEMKEDLSTERETH D END T DT, — B LR
RESNTHEVNONERTHSZ. ZOZEh 5. MEMERTFIE—-OWMETHEEEX S
Z EHAEICERZA<HRE DS <, BHREICENZEYBEE 2 H W THEMEER F 0
HEEZHS ML, CNSOREZBRTEZENEETNTNS. £, RREELEYD
R, B BIEREZRITROICHIZ>T, TOENEEZHSHLUDHASHICLTHEL T
EIE, BEIERZTEL T DBICBE LR DT TR, BEREDBRBICBWTHEERERE
525 EnNE0N.

AETR, BIRICBVWTHIL S N=FREYVREREZANWT, £T7 R8T HRITBT 54
fRsEE R T DA MEE I DWW THMARE Z2MA L. £, SERAKICBTS CMF 0
Ml fEEE 2 LT 2 Z LItk D, BB CMORBEZREL-. ZOREER.
MBI R FIICMHPICHERICHERE L. SEON 5 AR X B BEUCTH 2B 3 REDLENEE
MWD LR I N7z, DEAE Sephadex 7 5 A%, Bio-Gel P-2 h 5 AZHiE
LT, CMA 5l EER T 22 R R < BT 50 D0R DML 21T, WERTF OB H
Bl

12



(et KUAHEE]

1, EWkEk

5 1V EDIHEITHE, 7 R/ H AEIRZEAD S BRI 0 X 17 ZE MR Bk o B i %
Eal T VF o)y MRGHEEEZAWTENE TS BED 2EDBETH S 8.0 X 104 cells/
ml &725 &3 ITHEAREKICHRE Uz, MRS, Table 1125R UMD 4 S 18 &/ 5
KOWHAHEL, 1.ONKOH TpH5.8 & L7, HWE 74Ny —2AWTEARE LA, 4
PREIZIE 247D 70T L— 2R, 1welliox U 2 {5 ORIIEEEE % 250 1 1,
APEREITRBM U 2R 2 125 1], FRLUAEZCMEAIIEEY >IN 2125 1 1inz, &
BEFIEDIZO EZ VT =TT =)V U, BET. 25T, 120 rom O TRBRE®L
T HERBRO~THRCEIEOHKIT U0 THIEAHEEEH L, MBX & hEsd
S Z & TR T ORI 21772 o 7. ISR OMIKEA#ER (mitogenic activity) 13, 4
PIREIZRA T ANTHAEREDEERBICE OBET S 2 055 508, EDERICHBN

THNRX EDMICEBERENERIN:.

2, SHEZEARICBIT D5 EIE R O EETE M O bk

GEREE OB E, Ea VT IVF o)l 7 mEREHERRZFAWT, 5.0 X 105 cells/ml & 72
SEIITHEL, TD100ml & 2 I E WAk # 100 ml D& 5200 ml % 500 ml D =45
7 7ATMA, )AL ENSET, BET, 25C, 120 rom DA TREREE L=, &
#OALAE 2, 4, 6, 8, 10, 12, 14, 16, 18 H HICHIMAR#EKE 10ml DK EWD, JELH
At (500 x g, 3min) ITXDKEE LIE (CM) SEEEMIAEE~. BRI EORE K
MEL, BODBET DEEE 2[ERVIET 2 LI K VMRS 2 EZ2 TRV E, BLINE
L—5— (50C,3h) TASEZERXYE, MLBERL2AE L. SERAKCBIT3CM
i, BACIREE 12.5% I TEMIRE 21772\, HIIAEREREEM 2 RE Lz,

3, HfasEER T OB E M
H28 10 H BITHRIL 72 CM 1.5 ml 2 K&K T2 fEHML, HRKBHT 10 4 EImevsmE
Bk L, EVBEERITRo 2.

4, BRICKDEEMEOSFROHE
5.0ml D CM &, 7E5F& 1,000 DiEHF 12— (Spectra/Por 7 MWCO: 1,000) £
723, S3ES) T 3,500 DFEMTF 2 — 7 (Spectra/Por 7 MWCO: 3,500) 1ZEA L, Filds
13



7 0—Y—THUZRK, 500 mlOEZKF TS =S5 —THEERLARHNS 4CITBNT 125
BT L7z, BRI BREAKTERLTIOmMIEL, BHRNEIZT NS L —& —THEE LT
10ml & L7728, TNENEMRERITRS /-

S, A 2 AHBHIRIT RS B M 25 2Bk

DEAE Sephadex A-25 (Pharmacia) 0.8 g % 500 mM Tris-HCl Buffer pH 7.4 50 mlth,
HiR TR (248 S82%, 20 mM ORBERICIREBL I S AICHELE (1.2 X 3.5
cm, 4.0 ml). CM 10 ml ZB#5848: L, 10 ml ORIBEHRICIEML =%, B S A LICEmL,
[F#% ¥ 20 ml, 250 mM KCl % & mEHK 20 ml, 500 mM KCI %&£ F#2E K 20 ml,
1,000 mM KCl 2 SO #EEK 20 ml TEXAH (F# 15 ml/h) L. RiC, SEHES
Z 10 mliZ##E U T&ENTF 22— (Spectra/Por 7 MWCO: 1,000) 23 AL, Wiz o—
B—THU%K, 3,000 ml DEBKFTLACIIBNT 24 BRIBH T2 Z &ick VBiEET
IEo7z. BENNKZERELTIOmI &L, SEMIDOVTEMREET -2,

[A#&IZ, CM Sephadex C-25 0.8 g & 500 mM KH,PO,-KOH Buffer pH 6.0 50 ml /v,
iR TR (C4RH) 8%, 20 mM OREERICREL S ACFHE L (1.2 X 3.5
cm, 4.0mb. CM 10 ml Z&# %L, 10 ml OREERICIEML=%D S5 A LICEmL,
[E#E i 20 ml 3 £ U250 mM KCl 2 &L RIEE K 20 ml TRl (F#E 15 ml/h) Lis. &
P L DR, SEMNCDOVWTEMRERITR- .

6. BEIKDREEERICK DIEEME DRIERR

HRRINTF RREER TH 2 Pronase E (Sigma) 3.0 mg . 20m M KH,PO,~-KOH
Buffer pH 7.5 3.0 ml IZ#fEL, I O—2A 75—k 74 )L ¥ — (ADVANTEC DISMIC-
13CP0.20 1 m) THREMZIEB L THREEE L, BERKEOS S 1.0 mli. #EAkE
FTI0FHIMAT B LICkDRIES B, RIEBHREE L, RBEICFSEE 0.9 ml
CM X723 8K % 1.0 ml, BFREREZITRERRKEZIIFEEKE 0.1 ml. FhTh
mA. fEiE#R&ES (TAITEC, Personal-11) % F\137°C. 170 rpm iZBW T 3REIHRE L7~
BERIGR,. RIGKE 0.1 NHNO, TpH 5.8 & L. #BEKBH T 10 HRIMBERE B I2KA
THIERIDBRERIEIEB. EMREERITRO T,

B4R BHE D BESH D Nk 53 fRE R IR & T & % Glycosidases "Mixed" (442 T %) 3.0
mg %. 20 mM Glutamic acid~KOH Buffer pH 4.0 3.0 ml iZ&f& L. £ O—2A 75—
FT4NT—TARBENZIB L THRAKRE Uiz, BEERDOS S 1.0 mlid. #EKEDT
L0 3 INE T 5 Z LIC K DRIES &, RIEEERIKE Lz, RBEICFEHKE 0.9 ml, CM
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AR EKZ 1.0 ml, BEREEE I EERRRE A IIRSER 0.1 ml. Z2h2NINZ.
fEiRIRE R 2 FHVI37°C., 170 rpmIT BV T IRFMIIRS L 7>, BERRISHE. Kisik#£0.1 N KOH
TpH 5.8 & U, B/KIBTTI0MMEEESIOKR TS Z EIC K VBB ELIESE-E,
EMIRE 217780 72,

7, TRINSHZMBED K BRE# P L O Conditioned medium (CM) DEREL

GREERRREIKRE, E o)V )VF 1)V MERGHERZ FAWT, £5.0 X 105 cells/ml & 72
BDEIITHEL ., £D 100 ml & 2 fEBE OWAELH 100 ml D& EF 200 ml % 500 ml D=4#
TIAIRAN. U EMSET, BET, 28°C. 120 rom QLM TIREGEE L=,
DENT T )T DEFEEHIET 2720127 Y BV 2 2 BKIEBE10 ppm THEHIZIRIM L 77,
HRMAE 10 HBIC, %511 (ADVANTEC No.2) Ick D CM ZEIN L, -30°C THiks {5
#L7=,

8, FIEBI O NS5 T 4 — X BEEME O TFROHE

Bio-Gel P-4 Fine (Bio-Rad) 20 g &, 20 mM KH,PO,~KOH Buffer pH 5.8 200 ml .
HiR T (24R5H) 8, BKHE. IS AIFEL (1.7 X 38 cm)., %X 512500 ml
DEFRERZERT DI LITED. BFLRY REREI . KIZ. CM 5.0 ml % i
BeL. 1.0 ml OEBEERICEML 2%, S5 A LICHEML, FEEKTRE (7% 15 ml/h)
U7z, #oeitds JASCO, 875-UV) ZHWTUV 220 nm KB 2 MR 2R T2EE D
W 7502 alalbl -k 0EHEES.OMITONEL., TOEEEMBEETES
7.

&7z, Bio-Gel P-2 Extra Fine 20 g % F#E# % 200 ml h TIZ##%, 579 ACFHEL(.T
X 37 cm), FROERZITIRoKE. ZOBE, Vitamin B, OEHALE S5 MY E O HAE
ZUHBT DI ETEEMEOY FROWEE 21T .

[F#kIZ. Sephadex G-15 (Pharmacia) 30 g % [F#EME#K 200 ml H CIAEE, H S AT
HU (1.7X37cm), CMOSEB I OEMRE ZFTIZo 7.

9, MHNLHETER T DK Bk &

AR D FIEIZ &> THRIE 12 CM HIZIE, 5% & L TR ED mannitol, sucrose 3
F OB TN TN D720, BHOYMBEIC NS 2RET D HENH 5. B,
HOE 1 BFEITITEA AN A T N5 0, MR F I s E <. F—T 2 h S
LM OFAERICIIZE A LRI NN, 22 TRA F 2k 2fETs 2 212

15



7.

DEAE Sephadex A-25 15.0 g & 500 mM Tris-HCI Buffer pH 7.4 150 ml ¥, =ik TH
1 (24F5f0) S B/2%%. 20 mM O FERERICREBEL 1S AICHREL 7 (2.5X 19 cm, 90 ml).
KIZ, CM 600 mlZT)NHRL—4 —iZ XD 200 ml iK%, Tris 2 &K BE 20 mM £725
Eo1Imz. 6NHCITpH 7.4 L THS A EIZEML., E#EREWK 200 ml, 250 mM KCI
Z & O ERETR 200 ml, 500 mM KCl 25 R E K 200 ml, 750 mM KCl %z 5 O [RiR &
#% 200 ml, 1,000 mM KCl % & T F#EE#K 200 ml, 1,250 mM KCl % & FE#E#E#K 200 ml,
1,500 mM KCl & & O [E#& &K 200 ml TR L7z, OB, UV220 nm iZB81F % RiX
ERER L7z, RIZ, SRHEDZINRL —F—ICLDBREL. EHF 2—7 (Spectra/Por
7 MWCO: 1,000) IZ#FEAL, Wiz 7 O—3—TH U, 1,500 ml DZEB/KHPTLCIZH
WT 8HRIDENT 2 3EHE VIR Z LI K V2T > 72 BTN Z INR L —F —ic &
D@L T50ml &L, ZO—HERAWTEYREZITARD 7.

RIZ, EWHE D TH S DEAE Sephadex A-25 column 1,000 mM 3£ 1,250 mM KCl
Vi M 5y % RS 924945 1.0 mi OB (20 mM KH,PO,-KOH Buffer pH 5.8) IZ¥#EL,
[FIRR M IR T+ i1k LU 72 Bio-Gel P-2 Extra Fine column (1.7 X 37 cm) & AW T/ E
L7z, ZOB, BARHEBEHANTUV 220 nm KB 3RIRERELZ. BHKET S
32 alrF—iZ&D5.0ml$OFEL, TO—WMEAWTEMREZITIZo .

X 51T, {EMEE S T % Bio-Gel P-2 column 40-45 mlvA HiE 43 % Sk #2484, 0.1% TFA
Z5&$10% CH,CN 200 p 1iz###E L. HPLC 2 A 5L (JASCO) IZ###i L 7z Develosil ODS-
HG-5 column (4.6 X 250 mm, Nomura chemical) i1 >z b, 0.1% TFA 2ET
10% CH,CN T¥aH (1.0 ml/min) L7z, ¥&5MgiH3s JASCO, UV-970) ZH\WUV220 nm
WBITBHNZEEHTDEEDIC, FHEEZ 2.0 ZEICHE L., FHEEEE. 5.0 mlOXKHE
KICHEMR L TE D& EMREICH N,
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(#ERPBLOEE]

1, &E#AEICH TS CM ORI ETERETS 1 O ok
T AINT A RIS AR A H B S AR EMBL, 6 HELD 12HEETH
BuliaZor Uiz, st Bo8hEilic B 2 ila o5 mEs# (doubling time) 1, 72 ﬁﬁaﬁ'@&)ﬁ
. —7, HEREBRICBIT S CM h OMREEEEETENY, e 20E 5 LIt D 525
BAHBETRIZEAERIETET, MENHREMBT 26 HELUBENSHEMU, XEHEM
HoHMTHDREEBKBIOHBICRKE Rk, £z, 12HHEREHWNEA L7 (Fig. 6).
ZDRERMS, u?&OD%EﬁL:bﬁgﬁﬁﬁﬁé I0HBERERLZCMZ2HWS Z LT L.

2, HHRBEFER T OFREE

CM & WIE/KIE T 10 FRINE L2 HBITIE, BEEOXBARBRFI L. £, Ml
FERTIE, 2 ES T’ 1,000 OEHTETH 5 Spectra/Por 7 MWCO: 1,000 %, 1FEAESE
BLENo Tz, —7%, 57T & 3,500 DFEE TH S Spectra/Por 7 MWCO: 3,500 Z A
WEEBRTIE, MRSEEERTFONLD O ERL - (Table 2). L7zAt> T, #ila#
FERF D4 FEIZ1,00084 £3,500L FTH B Z EAMEE I iz, 1 4 Mt Icxt 9 5%
B EEBRTIE, MK TIZ DEAE Sephadex A-25 IZlB® T FKF XN, 1,000 mM

Dry cell weight (mg/mi)
Mitogenic activity (%)

Period of culture (days)

Fig. 6. Cell growth curve and mitogenic activity of CM on each culture stage.

Single cells were suspended in culture medium at a density of 2.5 x 10° cells/ml
and were cultured at 25°C with shaking at 120 rpm. Ten milliliters of the cell
suspension was collected every other day from the suspension cultures.
Mitogenic activity of CM obtained at each growth stage (right scale) was
correlated with the growth kinetics of suspension cells (left scale).
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DRCUZ L > THH S NIz, —7%, CM Sephadex C-25 IZ IZMIBMAEE Ti3 & < B h g,
20 mM KH,PO,-KOH Buffer i &> THHIZ Nz, ZOREN S, MILHIEE T8 M
HTHDIEBHON LR e, BRIKARBERIC L DEEDBEOLERBRICBOTIE, <
TF R fEREF TH S Pronase E 2EA S BB 2 &ick DEEYEIIZRICKELE. L
30 T, MIIEIER TR TR R TF REEE RS> THBY, ZOBOMNEROREEET
HBIENHRREN. —F, BEHONKIRERESW TH 5 Glycosidases "Mixed"
ZEASRIZHEIE, MEERTOFERIIEEINE. Cho ORI, 25102 EI[B ]

Table 2. Characterization of the growth factor. Aliquots of asparagus CM were treated under
various conditions described as "Materials and Methods" and analyzed for their activities.

Treatments Mitogenic activity (%)
Heat 100°C, 10 min 24.6+4.7
MWCO 1000 (retentate) 312+ 129
Dialysis
MWCO 3500 (retentate) 114+8.1
CM Sephadex C-25 Not retained
Ion exchange columns
DEAE Sephadex A-25 Eluted with 1000 mM KCl
Pronase E 26+20
Enzymatic digestion
Glycosidase mixture 29.1+3.1
0.1 60
: g
8 N’
S = 40 £
P B
g 0.05 4 8
D RS
© L 20 g
S S
5 o £
0+ . T T ¥ T 0

0 25 50 75 100
Elution volume (ml)

Fig. 7. Gel permeation chromatogram of Bio-Gel P-2 Extra Fine and mitogenic
activity of each fraction. Bio-Gel P-2 Extra Fine column (1.7 x 37 cm) was
equilibrated with 20 mM KH2PO4-KOH buffer pH 5.8. Five ml of CM was
lyophilized, dissolved in 1.0 ml of equilibration buffer, applied to the column,

and eluted with the equilibration buffer. Five ml fractions were collected and
assayed without dilution,
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Optical density (220 nm)
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Mitogenic activity (%)
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0 25 50 75 100 125
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0

Fig. 8. Gel permeation chromatogram of Bio-Gel P-4 Fine and mitogenic
activity of each fraction. Bio-Gel P-4 Fine column (1.7 x 37 cm) was
equilibrated with 20 mM KH2PO4-KOH buffer pH 5.8. Five ml of CM was
lyophilized, dissolved in 1.0ml of equilibration buffer, applied to the column,

and eluted with the equilibration buffer. Five ml fractions were collected and
assayed without dilution.

0.1 40

: g
Q -30 3
= 2
-z‘ -—
% 0.05 - %_ 20 ®
= = o
S 5
3 -10 &

0 25 50 75 100 125 150
Elution volume (ml)

Fig. 9. Gel permeation chromatogram of Sephadex G-15 and mitogenic activity
of each fraction. Sephadex G-15 column (1.7 x 37 cm) was equilibrated with 20
mM KH2PO4-KOH buffer pH 5.8. Five ml of CM was lyophilized, dissolved in
1.0 ml of equilibration buffer, applied to the column, and eluted with the

equilibration buffer. Five ml fractions were collected and assayed without
dilution.

KEBRICL > THHERI NI,

—7, Bio-Gel P-2 Extra Fine 1 5 Al & 3 E T, MIEMEEFIZCMICEEhs%
OB TLEMMASHREL HBELTRMEN (Fieg. 7), ZORMMEBIISTEY—H—
T®% Vitamin B, DIAHALE & ZIE—K L7z, HEICHT BEEDRNH 378, Bio-Gel
P-4 Fine 71 5 L S #EE S 15 MR T D4 FR & (Fig. 8), Bio-Gel P-2 Extra Fine
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HNILMOHEIND N FREIETOENNHSD, XOHEENEIFTH 57z Bio-Gel P-
2 Extra Fine 71 5 A DO#RM S#E T, MREERTOS FRIZ 1,000 BEEEZL 5N
5. Blo5F )L 3iEEk E LT, Sephadex G-15 2 AW THEBKRDERR 2177207228, HEIIKH
T BT ORE RN BRATRN 2N T— U D TRRD SN, KWHEEESah-o
7= (Fig. 9).

3, MR T ORBER

TIHEBRDRE RN 5, IR T BB OB WBERTF R THB Z LML 29,
A SRR ES N A, BEXUOHMHEITILAZRAWEZHPLC VAT LK DRERILL
7= (Fig. 104, 10B, 10C). #—B¥® DEAE Sephadex A-25 1 5 A Tld, {EEMEITED
BWERMED DI D EEBEOEMCEIRI NN, CMPICEENZZOYEIRID
HAOLURNZIEHEEINTRD, SO THROBEWERZITRD ZENTEE. I5IELSNIE
HHES EBITICLOBIE L 728%, SNV ABICI DA XREETIRD &, BEDHILEHKRE
40-45 mIOBEMTEH L TEINE N, £ LT, BRMICHPLC AT M K BB E ZTT2-
AR, 2HEEOEMEME o BIUBEE—YHEELLTRDILICRYLE. 0BT,
Bon~HEERTORISED THETHD, TOEREZHET S Z LITITERN -2, &I
BRUESZE AV, HPLC ETOUV220 nm i BV 2 WINE L U R, ThehoilX
BIZ600mIOCMAS52 1 gBEU10 ug THH I MRS N. COHEEZD LI
BHEY B LG OEINEIT 3BREOBETH10%, HEERIEINIOENEREINZIEITE
5.

HEE X NAEEYE o, DT2 10 nMOBET80% LA LD Y 2 /X T ] A MM Mifid 735
EHETHEERERLEY, BRRadM1I000 1 BEQEETH o= (Fig. 11). 2EHO
EHYENEE N0, ZNSNEWCHEOSRZRTAIREEIZDWTHRE LA,
FIZZ D XS BBERNTIED SN o k. THH OYEDIEEREII DN T, XETRBND
ZEITTS.
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Fig. 10. Purification procedure of the growth factors. (A) Six hundred milliliters
of CM was concentrated to 300 ml, adjusted to pH 7.4, and then applied to a DEAE
Sephadex A-25 column. The column was washed with 200 ml of equilibration
buffer, and fractions were eluted successively with 200 ml of the buffer containing
250, 500, 750, 1000, or 1250 mM KCI. (B) Desalted active fractions recovered
from the DEAE Sephadex column were lyophilized and chromatographed on a
Bio-Gel P-2 extra fine column. Fractions were eluted with the buffer, and
absorbance was monitored at UV 220 nm (left scale). Mitogenic activity (right
scale) was determined after 6 days of culture. (C) Active fraction recovered from
the Bio-Gel column was chromatographed on a Develosil ODS-HG-5 column. The
two active peaks eluted at 9.6 and 14.5 min were collected and analyzed for amino
acid sequences.
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Fig. 11. Mitogenic activities of the purified growth factor o and B. Single cells
of asparagus were cultured at a cell density of 4.0 x 10* cells/ml in the liquid
medium containing various concentrations of o and B.
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BIE WIREREE T ORI & Ak
)

CZETOMRERBNT, ZOMBERFARTF REMETH D Z &1L, T2 RRTF & —
TREIZ &> TCM OMIEEIE M NER2IC DN 2 EM L THINTNS. 2 ZT, &&
TRATETHEES N 2 BEDEEYE o & 8 DIL#EE, RTF R =2 I H—BL0
FAB-MS ZH.L & L7-BEEMTICK DIREL, BRKMICARICL D ZOREE2HETIET
RN B,
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(PrEL B LA %]

1, 73/ BRECSfRAT

MRLAEFER T D7 X BElFIRE}, SHICBWTEdman &L 7248, k%O HPLC A
Z . (Applied Biosystems Brownlee C-18) KLV BT 237 I J i — 2/ T2 H—
(Applied Biosystems ; model 476A) % i\ /=, Develosil ODS-5 column DI & > T
FONLEREE S DOFRBEZZTNTIH 0.5 mlICEHE L%, 50 UDERNE - BERES
(1 1) IT3MRMBIE L TkiF L1 7 0/N\1 7) (Wheaton 986297) 12 L, &
INRL—F—ZHNT30 p | ETEELTRBELE. ZheE27I B —F T H—
K, 73 BRESI OB EITRo 7.

2, HENH

FAB-MS (JEOL DX-705L) 2\, XHF 4 T4 F > E— RIZBNWTHETRo 7. i&
BB DR EEEY I ) BESIMITOBE EFABIC1I0 o I ETEBHRLEE, 25721 2%
F—=Tw MIEFL, 1.0 ploZ)wo—)VEREH%, FIVRTO—TE2HNTm/z50~
1,000 Q#EFHDA F DN T 21T 7.

3, RTF ROEHL

BIERT o BLUBIL, BHARICE > THSNRTF R %, arylsulfotransferase % fi
WTEERRIICHRRILT 5 2 &Ik D &R LU 7=, Arylsulfotransferaseid, & ILZEHRl k22D /IE
R—EBIY, ELRRETE ) ORIEREBLENS TEWEFVWE. £9°, Fmoc-
Gln (TrofiigZ2HWT, RTF REHEME (Applid Bisystems Model 433A) 12L& D
Fastmoc Ik THR#EXTF R 28R, LI &2BEH%, 2.5% ethaneditiol T 95%
aq. TFA (5.0 mD) KX DER T 120 RIBE W2 Z LI L DBREB L ORTF R OIS
WS DY 2T/ o 7. ZORTF REKGLEZIT—5)V30 mif TR & &, #%8%7k2.0 ml
YA L 7%, Develosil ODS-10 column (20 X 250 mm, Nomura chemical) & B\ T
0.1% TFA & T 15% CH,CN OB —WEEETIAM L (i 20 ml/min), BRETHXTF K
(Tyr-Tle-Tyr-Thr-Gln) %1%7=. KXiZ, 10 ml® 0.1 M glycine-NaOH /X 7 7 — (pH 8.6)
2, ®&&IRE 1 mM O p-nitrophenyl sulfate, 0.2 mM O&EATF K, 1.0 U/ml ®
arylsulfotransferase, &, 256 mM D MgClL, X, 37CICBNWT 24K IS %1715
fz. RISR, Wik %z E#E L, Develosil ODS-5 column (4.6 X 250 mm, Nomura chemical)
ZHWTO0.1% TFA 258 10% CH,CN O B — ATy H U (7 1.0 ml/min), BMET 5
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RTF R (Tyr(SO,H)-Tle-Tyr(SO,H)-Thr-GIn) %757x.
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(BRBLUOER]

1, #ERT OIS

AT a BRUBERTF R = LY —THH L, ZORFIEEK LEEZ 3, ald
Tyr-Tle-Tyr-Thr-Gln, B3 Tyr-lle-Tyr-Thr 7 I ) BB FI 28D 2 LS M &7z - 7=
(Fig. 12,13). LU, ZOMELEFTIHINS OMBEOBROEEEESSHT 5 2 L 13T
T, EERTF R = I —2HNTERLE NS DRFF R Wi, MR TR R
WESNBR DTz, BT, XH T4 TE— ROFAB-MSIC X 2 E BT 21T R, o
DT RIZ846, BDRFRIITISTH B Z LAVREN, EBOHTRITT I ) BEHIH 53
HTE30TR (e DFEMEIZ686, BOFEMITISE8) LD HZhEN160TOAET NS &

o

9.0 120 15.0 18.0

Retention time (min)

Fig. 12. Amino acid sequence analysis of the growth factor o.. Amino acid
sequence was determined by the Edman degradation with a gas-phase sequencer
(Applied Biosystems model 476A, Foster City, CA). Phenylthiohydantoin
derivatives of amino acids obtained at each cycle of the Edman degradation were
determined by reversed phase HPLC on ABI Brownlee C-18.
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8.0 120 18.0 18.0
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Fig. 13. Amino acid sequence analysis of the growth factor B. Amino acid
sequence was determined by the Edman degradation with a gas-phase sequencer
(Applied Biosystems model 476A, Foster City, CA). Phenylthiohydantoin
derivatives of amino acids obtained at each cycle of the Edman degradation were
determined by reversed phase HPLC on ABI Brownlee C-18.

[M-H-80]" [M-2H+K]"

/ /

e83

[M-H-80]" [M-HI  [M-2H+NaJ

IS H
S T L b S B e o S T

637
573 717 / i :
739
i : .mln....l.l‘mn -Jf PR VAP i T

Fig. 14. FAB-MS (-) spectrum of the growth factor o and B. Fast atom
bombardment mass spectra were obtained by adding 1 pg of peptide in distilled

water (1.0 pl) to glycerol (1.0 pl) on a stainless prove, followed by bombardment
with 6 kv Xe fast atom on a mass spectrometer.
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PHBAL7Z (Fig. 14). ZOZEMS, BMEETF aBLUBIIEMRTF RTH B EE2 5h
. BZT, RTIF R =PI LY —THRIHTERN S D FR160 DBWEEE I %% T 2
W%, XS TRRUERR, 2 TR 2EFET 2T 0 > ORI BT 2 7 Lah
TS ARENHEE SN, FOS UHMBIATINE2EUA) IRTF ROY LNV HEIL, 1T
AHOWLERIVES (18, 14) 12&, 20 EIBEMINTED, MUERTF RBLOSY
N OWERBREMHDDLDDHELTHSENTNS (15). TH 5 OFE{ERTF ROk
EUTHE, TORNBREDED, 14> ZH§D—D Th 5 DEAE Sephadex i M Tk
STREFENB L6, 17), e, BB LL AN —ROBEEL T, XHF 4+ TE— ROFAB-
MSIZBWTIM-H-80 D3N T ST AL " F BRI NZ Z EAERHEINTLS
(18). =BT, ZOREBEIIITFALZ EOBELET TRESITIASMBIN S0, RTF
R =0 I H—ZRNWEHE, BEFOL  REREFOI > ELTRINENS 2 &b
5NTNW3S (19).

SEHEEE S N HER T o BEUBIE, WTNBHMILRTF REF O 2305 D20
ZWMIELTNDZENS, LEMICHRBE ZEA LR TF REARL, RRBKOY > T
LHIRT D ETENS OBIEORRZITRD ZE I L. MEBEEOEAEICDONTIZNS D
DDHEBHSNTWBEN, ZZTR. PIYNANT+ SR T TS—EZHWTEZENIC
MBS B Z LICKDARLE. FUNZN T bS5 RT 25—V, 7x ) — (e
DFEETATIVENS, FiEEMO 7 = ) — IV EEM OB EICER S 85 K 5% it 3
DHMATHD (20). EBROBIEL LTI, RIFRY VYA Pt D AR LI REN~
7F RERERICHEMR L, B SHEE D R —T& 5 p-nitrophenyl sulfate & il z T 2484
G, HPLC THEERTF RESBT B 2 Eick D, MBEOBAZT k. /5K
BALMIIE S\ TERT 0%, BI &5 SHBLYII B R X NI WD S 0, X%
WL 17%R1TH - 7= (Fig. 15).

ZDIHET &L > THR L ZHEEE(L R 7F RTyr(SOH)-Tle-Tyr(SO,H)-Thr-GIn £ IR Tyr
(SO,H)-Tle~Tyr(SOH)-Thrid, HEAHF (Fig. 16). RFF K —2 T2 ¥—, BLUHPLC
AT (Fig. 17) OWTHIZBWTHERRAY >IN TH3 aBIVB ER—DARY ML EF
BEBZRUI. S5, EMBEERICBNTHERRTF RAERY > 7 EEBICEV—5
ZRLI (Fig. 18). BAEORRED, aBIUB OMIEIRTYT(SO,H)-Tle-Tyr(SO,H)-Thr-
Gln:l%J:U‘Tyr(SOBH)—Ile—Tyr(SOsH)—Thr’G& DENMRINEZEMNS, ThE5DRTS
FRZ&” Gl % fr o 72 Y MIEIER T 0 &% T phytosulfokine- @ BE B (PSK-
BRUB) AT DT LI PSK- e DY —2 T RO ETNTI B SBETHD,
DNA ETIRISHENTHD Z &0, 7051 23— T2 ABEUVDNA = TLAD

28



£
< 3
S 3
=
= F
S o
=
(2}
c
Q
©
©
L2
o
0 — T T T v J
0 10 20 30

40
Retention time (min)

Fig. 15. HPLC purification of sulfated peptides. The reaction mixture was
chromatographed on a Develosil ODS-5 column (4.6 x 250 mm) by an isocratic
elution of 10% acetonitrile containing 0.1% TFA at a flow rate of of 1.0 ml/min
with monitoring the absorbance at UV 220 nm. The peak eluted at 10.9 min was
identified as disulfated peptide. Unsulfated peptide was eluted at 33.8 min.
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Fig. 16. FAB-MS (-) spectra of the synthetic sulfated peptide,
Tyr(SO3H)-Ile-Tyr(SO3H)-Thr-Gln. Fast atom bombardment mass spectra were
obtained by adding 1 pg of peptide in distilled water (A) or 0.1 N KI ®B) to
glycerol on a stainless prove, followed by bombardment with 6 kv Xe fast atom
on a mass spectrometer.
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T —R—ZZBNT, EL OHFARFINRHEEINS Z ENTFRENED, BHiC DR S
NZDIEREDEY NV BEDOHBTH o, LML, F—F —R—ZIBFINTVEDOIEZH
SDY NTED—REFIDBHTH O, BB DA EIRHTH B/-0, K EEEH
JRohTwin,

BEROFHEICIIE, conditioning factor % 5 Wit conditioned medium factor & &I

I

. r .
0 10 20
Retention time (min)

Optical density (UV 220 nm)

Fig. 17, Co-chromatogram of natural o and synthetic peptide,
Tyr(SO3H)-Ile-Tyr(SO3H)-Thr-GIn. The mixture of natural and synthetic
peptides were chromatographed on a Develosil ODS-5 column (4.6 x 250 mm) by
an isocratic elution of 10% acetonitrile containing 0.1% TFA at a flow rate of 1.0
ml/min with monitoring the absorbance at UV 220 nm. Both peptides were eluted
at the same retention time (10.7 min) and showed a symmetrical one peak.
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Fig. 18. Dose-response curve for mitogenic activities of natural o (open

square), natural B (open lozenge), synthetic & (open circle), synthetic B (open
triangle). Mesophyll cells of asparagus were incubated under various

concentrations of peptides. Mitogenic activities were determined on the 6th day of
culture.
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B IR T ORI, T OBVBIKIEL S5 4 T 9 b 51 KThD & sk
SNTEE (7, 10). LML, AEIZTBWTHLN E/- HHEHIREER T OBEIL, BN
b T h 51 RTIRAE < HEEA ) TRTF RTH o &b 5, b TRED KR
WDWTHRH LU THIBENDS.

ETEE 5NB DDA S LTI, BEOTEIC B B S OREEIED TH o T
ERETEND. MR, BAOMBULEETS S a L icBd B UV BIXOA KD, BE
LI & BIEPE D H DF R 1 THIS 245 L TV 3308 S 5 5 1%, IR MR - &
R THRBEROMEE 2B/ 5 &, [LEMORIE U TR R BN S 5. Zh 5 OHsE
DERITIL, TV H—Snod-factor 12 ED L 5724 1) o 31 51 1A%, iz BWTE
T AT R 8N S HEAD A S THEL TS LS BN S,

F7- IO ARER & LT, PSK-a BUMC A1) 99 1 51 REOEIEMENEEL TN S
ENSEXHHTED. LR, MPHIORE B 5 & FROR LI G S - 7
FU DYy AT REME S NBWENEE LTS E WS MENRSNTHEY (9), PSK-
o & OB BRSNS, £72, CM AIRIIT B 2 & 12 & - THIRHIGHIE 2 = 15 7%,
2 OB R 2 oD 72 B B BT DRI TH B T &0 5, MINLASA: 3 5 Il
KFNEENCEBEOHMETH D, TON DONIEMD TARLERZDIZ, CM FIciFizE A
ERoTWELETBBbHS (5).

BIEQD & C BEENE S 5T 5 OMLRITH B4, M =TT 1241 B D B 5
HTHD, T0Z EWBILTIEE 5 BB THIORAN SR LE .
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# 4% Phytosulfokine— a DIL¥EE R & HEXETE MEAEE
(2]

FIEXTIZBWT, EYHIAEERFOBENF O L VB IAT I EE DR ¥R TFF R
Tdhsd I LZ2W 5T L. phytosulfokine- @ (PSK- @) & SENEZZDRTF R
BRIZDWTIY, B9, BRWRBEEARZRAWTTR S8, 2O EREETH S KE,
RESHEOEL DEREDERIIIFAETHH 5. £IT, FZIBWTIE, TP LM
FRAEALEZRWTPSK- ¢ 28R T 5 — b 2RI TS EEbIC, 11 MED PSK- ok
mAEZERL, £OBEEEHBIC OV TRELZ.
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(PR B LUV HIE]

1, BREEIEXRTF ROBEHARK

Fmoc-Tyr(t-Bw), Fmoc-Ile, Fmoc~Thr(t-Bu), Fmoc-Gln, Fmoc-Gly, Boc-Ile, 33X
Boc-Tyr(OHId, Peptide Institute 5 A L 7=. Boc-Tyr(t-Buwid, Advanced Chemtech
(Louisville, KY)%*5, Fmoc-Tyr(OH)I3, NOVA Biochemicals. 2> 5 A L 7. Preloaded
4-hydroxymethyl-phenoxymethyl (HMP) L 2>, 9 7245 Fmoc-GIn(Trt) resin, Fmoc-
Thr(t-Bu) resin, Fmoc-Gly resin, 3 & Fmoc-Cys(Trt) resin I, Applied Biosystems
(Foster City, CA)K DA LK. LTI, PSK- a DEROEEZHICR~3. Applied
Biosystems#. M 433A B X 7F R &% FVW T, Fastmoc chemistry (0.25 mmol scale)

eV, Fmoc-GIn(Tr) L ¥ > 2B & U TR TF REEHBEL, MORBRTF -1
> > Fmoc-Tle-Tyr(OH)-Thr(t-Buw)-GIn(Trt)-Linker-Regin # &5 L 7=. BB 0D N ki
OB, BiRE2ESTT B Bocf#Y I /%A, FEIC Fastmoc chemistry
WEOTEATEI LK OB RERTTFR-L D Boc-Tyr(OH)-lle-Tyr(OH)-Thr(t-
Bw-GIn(Trt)-Linker-Regin #157=.

KIZ, 50 1 mol (K100 mg) DEW/HE#ERTF K - L 2> Boc-Tyr(OH)-Ile-Tyr(OH)-
Thr(t-Bw-GIn(Trt)-Linker-Regin %, 1.5 ml ® DMF-pyridine (4:1) IZ8&&L, = ZI2
dimethylformamide-sulfur trioxide complex (DMF-SO,) (Fuluka, 225 mg, 30 equiv.)%
Mz, ZRIZHBWT 16U EBHL 2. BRBLS W BHMRERTF R- LU 2RI
Lo TEUNL, HBKTHELRKIEDDMF-SO, complex #RELZH, 2.5% v/V)O
ethanedithiol (EDT)Z &% 95% TFA 5.0 mlicinx, HBE T3040 30428z Tt s
BV BRL, LU SOYDHL ERREERT o= KIS0 IR, KISEKSIZ 30 ml
DRBLIEDPIFNI—FIEMA D Z EICX DTN, 1,000 x gl BWT3HRIELL TR
TFRBIONL DU 2B EN L. BT T &% GOEE), 1.0% NH,OH
.0mD IEMLTT 4 VI —IEBICKY LI %KREL, HPLC ERHWTHHLZ. BH
i, Develosil ODS-10 column (20 x 250 mm, Nomura chemical) ZfV, 0.1%BE 7
YEZULZED8.0%T M M JVEBHKE U THE 20 ml/min it BWTHZS 7.

[Tyr'(OM)IPSK- «, [Tyr*(OH)IPSK- a 72 & D4 Hile{t. PSK- o A DB ST, T
FR-VIURHEET D, AHEREOF O > ZRANSRD VICHSUKEEEL -Bu 2%
DFOL > ZBATEHIETERLE.

2, WRIENTF R OWAHE R
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PSK- a ¥tk D 55, [1-3] PSK- a BL U [1-2] PSK- e icDWTIE, EAESRERFT
SHRPIEND THABEIC K > TERKR L 2. BAFIZ, R&FLT [1-3] PSK- ¢ DAREED
ER
(1) Fmoc-Tyr(t-Bu)-OBzl

Fmoc-Tyr(t-Bu)-OH (230 mg, 0.5 mmol), #& X dimethylaminopyridine (6.1 mg,
0.05 mmol), benzyl alcohol (62.5 1 1, 0.6 mmoD#, 2.0 ml D7 OO RAY INCEML,
K T IZ BV Tl-ethyl-3-(3-dimethylaminopropyl)carbodiimide HCI (EDC) (115.2 mg,
0.6 mmoDZ /X 2 Fefi#Rig, BRTE 51T 6 BEER L=, KISEEI 30 ml OFR T F
VB XU 30 mlDEEKREMASEIREITL D, KBEDHIVEDAL I REBRER, HHES
ROKERER T DU U ATBIKL, BETFEME%EL THWOY &5~
(2) Fmoc-lle-Tyr(t-Bu)-OBzl

ERE TR Fmoc-Tyr(t-Bu)-OBzl (R¥EHE, #0.45 mmol) #50mlDTrOnASy >
IZ¥&f# L, 4-(aminomethyDpiperidine (1.5 ml) & i1z TEEIC BT 1 EREE L, Fmoc
BROBGREZEITRo . RISEKEZ50mIOP 700Xy L THERL, 50 mlOEGAB L
50 ml ® 100 mM KH,PO,-KOH (pH 5.4)T 3 EI¥ei%, HHEZEARIEF N 7 4T
KU, WUE T R U TH,N-Tyr(t-Bu)-OBzl ##5/-. Z Z123.0 ml® DMF$ & IXFmoc-
lle-OH (194 mg, 0.55 mmol) ZMMAVEMHE, K& FICBWT triethylamine (70 » 1, 0.5
mmol) &KW diethylphosphorocyanidate (83 1, 0.55 mmol) %1z 2 B BHRE, =
BT 5IT6 R L. RIGEKIC 30 ml OFEE TF)L B L8 30 ml DEZEKENZ 5
FoERfERR, AHE2EKMEET MU DL THAKL, BEFEBHEEL TENYEET.

(3) Fmoc-Tyr(t-Bu)-lle-Tyr(t-Bu)-OBzl

LRETHR 7z Fmoc-Tle-Tyr(t-Bu)-OBzl (R¥$%, #0.4 mmol) & Fmoc X% i 7=
%, FERIC Fmoc-Tyr(t-Bw)-OH (253 mg, 0.55 mmoD&h v 7Y > H LEEH TS 5
Fmoc-Tyr(t-Bu)-Tle-Tyr(t~-Buw)-OBzl (TLC Rf = 0.67, hexane : ethyl acetate = 1 : 1) &8
7z.

(4) Fmoc-Tyr(OH)-Tle-Tyr(OH)-OBzl

FRETHR Fmoc-Tyr(t--Bu)-Tle-Tyr(¢-Bu)-OBzl (F#H, #0.35 mmol) % 5.0 ml®
trifluoroacetic acid ICHEfEL, HIRICBWT 1 RIS, MEFTEELZEL, U B2
N5 L20% TS5 74— (chloroform : acetone = 10 : 3) THEH%, HEM TH 3 Fmoc—
Tyr(OH)-Tle-Tyr(OH)-OBzl %% /-. & 205.5 mg (&K 53.3%, 4 steps).

(5) Fmoc-Tyr(SO,H)-ITle-Tyr(SO,H)-OBzl
1.2 ml ® DMF & 0.3 ml @ pyridine & &#1Z, Fmoc-Tyr(OH)-Ile-Tyr(OH)-OBzl (38
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mg, 0.05 mmol) Z¥&fEL, DMF-SO, complex (153 mg, 1.0 mmol) %M, ZHEicH
WT 16 RefHILA EEH U 7o, ROSIR 2 WUE T IR U 7= 10ml 0 ZZKICEML, 72 F
=7 K TpH 10IZFH%, 10mlDKfaf Ty ) =)L THB LA, T ) —)VE 2 E T ik
LE LB ERT.

(6) H,N-Tyr(SO,H)-Tle-Tyr(SO,H)-OH ([1-3]PSK- a)

LFE TRz Fmoc-Tyr(SO,H)-Tle-Tyr(SO,H)-OBzl (R#%, #50.04 mmol) % 10 ml®
AY 7 —=)VIZHERL, 2 HOEEE & 10% paradium-charcol (10 mg)2A T, =B
TKRRFHZ T 8RR U . KIS % 58 L Tparadium-—charcol # &3 U 7=, WMETF
IRERLRE U Bzl R OBUREAR 2B, RIZ, REUOBEEERE3.0mlOPXAFIFRILAT
I RIZHEMAL, 3.0mDERY P2 EMARRICHNT 2 BRI L, FmocH O RH %17
&0l RISHRZBE TR L HPLC TR L TEMY 2B, 513, Develosil ODS-10
(20 x 250 mm) H S LZAV, 0.1%FEY > EZUAZED10% 72 o h U )L E7E G
EUT, {i#E 15 ml/min KBWTIFA- 7. INE12.72 mg (INE 41.2%, 3 steps).

[1-2] PSK- aiZDWT®, Fmoc-lle-OBzl # HFEEEE LT, FAEOHEICE > TER
L7z. Fmoc-Tyr(OH)-lle-OBzl & TN IR 237.8 mg (X 78.5%, 3 steps). Tyr(SO,H)-
[le-OH £ TIN&E 19.5 mg (INFK 95.5%, 3 steps).

3, HEOH

FAB-MS ZHW, XHF 4 TAF - RKBWTHHZETRoE. S U2 Z2ELTIE
FAITZIO—-NVERAW, AT VAFIVRIO—TE2HNWTm/z 50~1,000 O#iFHD 1 F
JRDOWTaHZETRo 7.

4, HHERQIESEYE M O

AR DY 285 H A ZRMILE F Wz EMREEE AV, THEhOE&EIC DN T 1010
M35 10° M ETORBIRICB W THEFEE M ZRE L, 50% OMIRIC )2 HET 218
B % ED, il & U Tl DIE M 2 3045 L 7.
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(HRBLUER]

1, PSK- o @k D{LES

PSK- o BEUT OFBRMAIL, EHEREOHH LI & Mk % W T B EIE (20%
AIR) TEKT 2 Z ENFIRETH B T &ARE NI (Scheme 1). PSK- ¢ DA ZHICT 3
&, NREZRLS Y X /% ABL433A XTF R > vH A4 H—@ Fastmocr I A Y —T
WERA TV 70 (AT 27 I EIIFmoc7##), BRICNEKRT I /B % Boc R0
IREETRTF R 2 2Y A H—0 Fastmocr I A MY —2HANWTHE L. Z2ZTBoc7 3
JBERND DIIRKEROBIREZE 1 BRETHRS =D TH 3. KIZ, B5 N BMRER
TFR-L I e SREMES AT THRBLL, RBICTFA THR#EEGE-/-. FOILL0
MBI A7 IVIBRIER G T TR A RETH 5720, REBOREIIRETI0HEL,
RTF REL—FTIVTHRBE %, T<IT DBV K THIIT S 2 & THEED IR
ER/NMRICHIZ T2, ZOHEDORFIIRTF ROBEESROFSEBRBICERD AN Z &1
X0, BRIZRGREE THREOLENRNT L&, BHORBERTF RE2EBLETIC2H
FRELMELIENWCETHS. %Y, ZOARERFOICOMBKBESEREDETE
Ny TV TRANS®D, EREHMENNERINTHEMETTZ 2 2 TFRLED, 4
OFER, B S NZ DI EOBAMNBSRIZDEERYOBLTH Y, T O AILKIC RS

OH
|
Fmoc-lle-Tyr-Thr(-Bu)-GIn(Trt)-Linker-HMP Resin

OH OH a

| |
Boc-Tyr-Ile-Tyr-Thr(t-Bu)-GIn(Trt)-Linker-HMP Resin

SOsH SO3H b

| 1
Boc-Tyr-Ile-Tyr-Thr(-Bu)-GIn(Trt)-Linker-HMP Resin

C

SOlsH S(}3H
H-Tyr-Ile-Tyr-Thr-GIn-OH

Scheme 1. The outline of the synthetic approach to PSK-o.. a) Successive coupling
of the Boc amino acid with the peptide chain constructed on the HMP resin using
peptide synthesizer. b) Sulfation of Tyr with 20 eqiv. of DMF-SO3 in DMF-
pyridine (4 : 1). c) Final deprotection and cleavage from the resin conducted with
95% aqueous TFA in the presence of 2.5% of EDT.
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3RS NT EHBAL 7= (Fig. 19). AR LERTF R, 3 H5 4 TE— RO FAB-MS
WE->THFEZHEERL- (Fig. 20, 21).

2, PSK- o YRR DM NG %I

ST BIE L ORI T IIRTR O Y 285 2 WM 2 AW iz EWRGEE 2 A, ED,
ZERIC PSK- a BLUZ QBRI DTEN: 2 LB LTz, PSK- o BLUZD 11 BEOEREE
DG L UEMEZ Table 312, T 5D > b5 D 4 IO EEHA D dose-response curve %
Fig. 221TRL7z. £, PSK- ¢ DR TFHRARBN T EDHMANEBIEEICEETH 5024
27T, PSK-aDCKRMDY X ) B EMRRE S BIZRTF REARL, ZOEMS i
95 &, PSK- a DiEHEE 100% & L7358 PSK- B H18%, [1-3]PSK- a #120% T&H - 7=,
(1-2]PSK- ¢ TI20.1% AT TH o /=. FkkIc, NE#EAlOF o T IUREE RE X BIZ[2-5]
PSK- o OIEHEIIPSK- ¢ D0.1% LU FTHo /. TD I &1, PSK- o DHTFRICBNTIEMS
ERET D= DITLE I HR/NEAL, [1-3]PSK- o TRRHBTyr(SO,H)-lle-Tyr(SO,H) T %
CEERLTVD. ZD®, 2LIEEERI Mo 2[1-2]PSK- a B L U[2-5]PSK- a iz
DWW, PSK- il 27 25 T X MERDFEERE L72AS, PSK- o 100 {F&%
BEHUTIRIN L TH 2 < Ml EE I AE X s h - 7.

RIZ, PSK-a DNEKFEH DWECKIHOES SAUNERRRICIDBEETHEINEFNDS
728, RIZIMWMDT YL 2 AR—Y—2HALEDDERRL, THS OIEEZE B L 7=,

E

= a b
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Fig. 19. HPLC purification of cleaved peptides. The cleaved crude products
were chromatographed on a Develosil ODS-10 column (20 x 250 mm) by an
isocratic elution of 8% acetonitrile containing 0.1% ammonium acetate at a flow
rate of 20 ml/min with monitoring the absorbance at UV 220 nm. The peak eluted
at 7.9 min (a) was identified as PSK-o, and the two peaks eluted at 11.1 min (b)

and 16.7 min (c) were identified as monosulfates from the FAB-MS experiments.
Unsulfated peptide was eluted at 22.4 min (d).
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Fig. 20. FAB-MS (-) spectrum of synthesized PSK-o analogs. Fast atom
bombardment mass spectra were obtained by adding 10 pg of peptide in distilled

water (1.0 pl) to thioglycerol (1.0 pl) on a stainless prove, followed by
bombardment with 6 kv Xe fast atom on a mass spectrometer.
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Fig. 21. FAB-MS (-) spectrum of synthesized PSK-o analogs. Fast atom
bombardment mass spectra were obtained by adding 10 pug of peptide in distilled
water (1.0 pl) to thioglycerol (1.0 pl) on a stainless prove, followed by
bombardment with 6 kv Xe fast atom on a mass spectrometer.
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Table 3. Mitogenic activities of PSK-o analogs. Mesophyll cells of asparagus were incubated in the presence of each

PSK-a analog. Mitogenic activities were determined on the 6th day of culture and EDso value was defined as the
concentration of the compound required for 50% cell division.

Name PSK-« analogs EDso (nM) Relative activity
PSK-o Tyr(SO3H)-Ile-Tyr(SO3H)-Thr-Gln 4 100
PSK-f Tyr(SO3H)-le-Tyr(SO3H)-Thr 50 8
[1-3]PSK-a Tyr(SO3H)-Ile-Tyr(SO3H) 20 20
[1-2]PSK-a Tyr(SO3H)-1Ile >1000 <0.1
[2-5]PSK-a Ile-Tyr(SO3H)-Thr-Gln >1000 <0.1
[C-(Gly)3]PSK-c Tyr(SO3H)-Ile-Tyr(SO3H)-Thr-GIn-Gly-Gly-Gly 100 4
[N-(Gly)3]PSK-a.  Gly-Gly-Gly-Tyr(SO3H)-Ile-Tyr(SO3H)-Thr-Gln 500 0.8
[Tyr3(OH)]PSK-a Tyr(SO3H)-Ile-Tyr( OH )-Thr-Gln 100 4
[Tyrl(OH)]PSK-a Tyr( OH )-lle-Tyr(SO3H)-Thr-Gln 700 0.6
[Tyr(OH)]PSK-a Tyr( OH )-lle-Tyr( OH )-Thr-Gln >1000 <0.1
[Val]PSK-a Tyr(SO3H)-Val-Tyr(SO3H)-Thr-Gln 100 4
[Ser]PSK-a Tyr(SO3H)-Ile-Tyr(SO3H)-Ser-Gln 200 2

100

80 -
60 -+

401

Divided cells (%)

20 1

10-10 10° 108 107 106
Concentration of peptides (M)

Fig. 22. Dose-response curve for mitogenic activities of PSK-al (open square),
PSK-B (open lozenge), [1-3]PSK-ot (open circle), [C-(Gly)3]PSK-o (open
triangle), [N-(Gly)3]PSK-a (cross). Mesophyll cells of asparagus were

incubated under various concentrations of each PSK-o analog. Mitogenic
activities were determined on the 6th day of culture.
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TORR, CRIANZT Y 2 > A R—8—2EA L [C-(Gly),JPSK- a 13, PSK- o D4% D
EHEZRFEL TWZOIZHL, NEKSHEZ ST Y S AR—Y—Z2EALZ[N-(Gly),]PSK- o
&, DRDEEIMETL, PSK- a®0.8% DIEH R DICIBE Mo, 2D &, PSK-
o ETDORANRBEEREDHEED, ERNKHUTTRDRATWAZ EE2EBR LTS,

CDLST, PSK- a DRTF REDEIEE(I®D L2 DEMHITIRE BT 22,
Fig. 221TR9 L 51T, £Ddose response curve i, 2 3HEIEF O > ONTHMD
FRESTNIZOIRD, BERBROEMNESREEE (R80%) 25X 7. REEMMEDEE
LR TIE, AEENES TIIZTON TRICBIT 212X D message portion & address
portion LI/ 5%, £ LT, dose response curve 231} 3 i A iE MM D 2Lt mes—
sage porton MR ICHIR T Nz 2 L 2Bk L, £ OEARED, fED % {kizaddress por-
tion DMEZALTH 2 Z LHMEH I TWS (20). 5T, PSK- alcB1F 5 message
portionld N F2EKICHFET 2D TIiZRL, 2EOHBEEZSONKERD M) XFF R
HB5 Tyr(SO,H)-Tle-Tyr(SO,MIE XN TS T & < R X #7-.

=77, FFRIC 2 BFE T BB EMNEEORBICHATH S 2 L33 TICHBI L TV 32,
el % DBREIEEDOFEBRICED X S KB TUBNTDONT ORI L. TORE, Tyr?
D& RIRE €72 RTF F[TyrOHIPSK- a1, ED, 21100 nMTd b, PSK- o ®
4% DIFEEEGRFFL TV, Tyr! OF#E 2 KR E ¥ X TF R[Tyr!(OH)IPSK- a i,
PSK- a D 0.6% DIEH 2RI L TWBICBERD 72, §65T, Tyr¥ IZ b Tyr! OFEEEE D
N, WREREEMEICES L TR AEIENI BN ERH SN E S .

BiRIZ, PSK- 0 DB 2 REBIVEABRICEENS e BLUThr BEE, ValBL
Ser IZEM L ZFRKICTDONT S, ZOFEMEHE LD, WTNOEE S PSK- ol kL
TI/20 BEDEELMEEL TR E. DT i, INS 2O I ) BB B R
N—=BY—ELTHEELTWVBDTIFRL, PSK-a DIEMZHFFT 2 E THERGE 2 RA L
TWHZEZRLTNS,

FEITBNTI, RTF RERBIC K DEMEREMA L PSK- o D{L2EREB LD
PSK- o OREIEMEHBEIZ DO W THRA . ZDEREDBRRDOFSIL, PSK- a BLUIZDiE
BIEDLFEERE, MINE11-52%EE L HBNENETEL L EMNTEDHE, RTF R
DRERD SHBRAL, BREETE2ED T2 HMBETARERTTEL 2L THS. —F, &
RELTI, AZ R ENI L L, ROV D UIIEBRIEA XN TN, Ck
TICHMILY XV BRERDRTF REGRT D ENTERNIERENSS. LoL, b&
DEIEHERTF REART A1, ZOFHIIAER O & RIEIZ B U CHRE - 57
THY,PSK-a OERRIET TR DOHBER TF ROEERICEL SHTE S THSS.
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% 5% Phytosulfokine- a 2 W=7 /N5 H A ML OB HE R %
~ Phytosulfokine- o OEFEFELNRIZE X 5 ammonium-nitrate ratio &~

(FE)

il

MR IC RN, CNETH I AV ZHIER ED L 5122 EBAR 5 h TV 54
fAr S HIVATERREIT RS20, MMk ZEZEEI RV TILI 881, F—2AH)
Fyv— (B#EE) 21725 ZENFRRTH - /=08, EYHITEMERETFORENRE SN
Z&ET, =2 (FEMIE) O DIZPSK- o 2 W THEMMEOEEREMIE A T 421
20DDHB. UL, EYMIAIMEMEE THETER 22 EVWSEAITIE, s O
RS ERE S 2 IEFER T DMIC b, KR DML > DINS > AR pHOZA LA E I B L
TRDENIHEDDS. FIRE, SFoF VT OEEMIEIL, NEAXRERTHDY CBOK
PUZHT BT 4 — BN T A2 W20, D U D BAIET 2 £ TEHRICRD A A ’
TLESHEDNHS. TO®, EMMFEE THEETIEIIIY VBEFBLTBM IV,
BEICEOALZY DBEOZETHENMIHEINTLES (22). ¥, FHFEICOVTD,
MR L > TEORBMICIIENDH Y, 7 BT A T OB {EERNICER T2 b0
(23), HICHBNDREZRTHONH S (24).

KB, TANSHAREAMIZICBN TS, MYHIRORERICE AN S TN S MS i %
AWEHE T, 10° cells/ml DA —¥ — & THIIEE 2K T35 &, HFEDPSK- o DGE
BENRPBD SNIBNZ EBNR SN, 2 TR ENARRRENS B OfEs O 42>
REZELICEIE, TOREBEBR UL 23, 7T OEDY A 4 2 MEMABEIC BT
SHIfAETHIC R E /e BE E X TWB I EDHS M ER 7. LML, EROMISEE %R B
BRI DA T BEOEIIEM 2D, FN5 OEERRAMICRNT S - LITEET
B, KIZPSK- o DAEEIMEAES K OEAEEZB S NITTD &S AkD BRIN 5IZD0P0
NS Z Lichizd. LMLIRRS, PSK- e 2WS Z & T, MR OEEEMIaA 7 4E
K225, b VAP 22w JHEMOE R EBLBIIFRO ST ORI S FRELMICH A X
BEEELRD EEZEND. UEDOZ EE2SFARNDS, AETIE, B0 L DA+ 0
D BRICERFEDOF T /b B ammonium-nitrate ratio DAICEB L, Fh 5 AME
M B R BRI BT DM ED LS BB E EX B3N DN TR L.
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(BB KU HE]

1, BEHufRRdB KO DR

EAN AT, £1ETHRRZBDOEFUMAKRZHY, FiZHbDSRWED, PSK-
@%3.2x 108 MOBETHRMUE. -0, ZHEEE L TKNO, & NH,NO, 28 AT
BD, FUEDT LA F > EO#E (ammonium-nitrate ratio) 1, 10 : 20 (mM)T
H%. TANTHAERMEOREBIUOERER, INETHAWTEZ24-welldv 1D
TL—rORHVIZA8-welld A 7 a7 L — b E2AWEDANL, 8 1 BETRR A1 ERK
Wir7zo 7.

T AN S H AKIE O #HE 3§ Dammonium-nitrate ratioD & ERFT 2 EETII, i
Hlc & EN S KNO; & NHNO, DRILZRMHTSHI LT, 13 0hkBREEIEEZ. Y
T LA F > OBRER, KCAZAWTEIZ—EE B2mM) ikfRko/z. MEHERRE T T
R0, BERBMAE 6 HBIZ, BHME T THRAKRZEHE L. WIVARRETRODRES5E
V3, TOEE 2 ERE E TRESEE (120 rom, 25C, dark) E80F, X 5ICZ 0% 2 ik
BpER#E (25°C, dark) 272 o7z, O pHE(LERIE T 25 E121E, 100-ml OHifa s
E%Z300-mID =47 5 2 1.0 x 104 cells/mlD B THRE B # (120 rpm, 25°C, dark)
U, H#EBB% 6 BEIC, BRICXo TSthEEINE, HECRWE.

7 AINT H AMME D PSK- @ 12k 9 52 (competence) Z#&Et9 5 EE T, ammo-
nium-nitrate ratio # 0 : 30 X 10 : 20 mM IZFHi L 7= PSK- o JEGRINSEH THIRE % 5%
FEL, HEBHEO, 24, 48, 72, £7/213 96 FFRI#£IZ, 5.0 1 10 PSK- o K% BALIBE 3.2
X 108 M&EZRD K SITIFEML, 24K Z L icifar R E R L. Y120 : 30 mM
B TId 1.0 x 104 cells/ml, 10 : 20 mM B4 #1Tld 3.2 x 10* cells/ml IZFAI L 7=.
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[(HRBLUBR]

1, TANS A AZERMBOMIES I E X 5 ammonium-nitrate ratio o5&

B rh O NH,NO; & KNO, DRI ###i T 5 = &1tk 5T, ammonium-nitrate ratio &
AL, MRSRICGASHEERILE (Fig. 23). CThETOERICAWTE A%
22 MS B2 31F 5 ammonium-nitrate ratio 1%, 10:20 (M) T&H 32, 72 E= AA
A OLRERmDTIS 1 16 ELEHERIL, MBARR TR TOMBEERICBNTELL
FEF S, 1.0x 107 cells/mlLA EOMIRBE TPSK- o i L 3 HMEFENDTHICERI N
7ZDHTHo 7= (Fig. 23A). Ammonium-nitrate ratio % 10 : 20 & L4121, 5.6 x
10% cells/mlLA L DRI EIC BN TIIPSK- o DHEEE T THMIIMMEMNER X N0, 2
DU T OEE TIZIPSK- a DFE FTOAMIEMENGZEI L. L) L, PSK- a DFEETF
BNTH, 1.0 x 10* cells/ml AT OMIREE TI2FE & A SHIBMEIZBR I - 7=
(Fig. 23B). TDO—HT, 7> EZUAL A ORREEL LB TIE, PSK- ¢ OFETF
BV BIEEE TOMBMMEAE U < & E 1 (Fig. 23C, D). #12, ammonium-nitrate
ratio & 0 : 30 & L7z &I, #IHIMIIEAEEL3.2 x 10% cells/ml DB TH, RS
6 HHICT0%BEOMMARNEE I N, £, HEBEKE 4BMB I, ERIZ5 3.2
x 102 cells/ml DBEMIIIHEEE (160 initial cells/well) I2BWTH, HWIRTELEER 100
N5 150Mfa 572 % TV AR & 7z (Fig. 24A-C). i1, #) M8 ES.6 x 103 cells/
mlUTO5E, PSK- a DFFEET TR TR TOMEA 4 BBINICER L 2 &0 5,
PSK- ol 3iMifa DA/ TR EFRBBEERBEZRZL TS Z EARBE -,

ZDOXDIT, B ammonium-nitrate ratio 2 &> T, [EHIIEEEE T ORIFIEFE A A
SRHBERT DI ENHSN LIRS T2, BD A F U EBLIE S &, BRBORMOD
PHDZAE L, RIHEAICHI RN LB EEX B EWSMENSH S (25). Ziud, #ilx
&7 B LA F D EMRSRINT B &, HIEN DA F+ R T DI E U h F
FTHHTO R E2RHT 520, HENCEBODHMET T2 TH 5. = OB SN
5, BAZDRBRITBENTOREMO pH L2 HIE, H#kL 4, ammonium-nitrate ratio
CBO 5B 6 H H OB TIdpH5.60 0 5 5.64 DB TH D, Bz i3 - 7.
B> TIERBED T /8T H A MM OHEFE A H1H O ammonium-nitrate ratio 12 & - T
ERVTDDNE, BHMOpHELIZE 2D TIRENWZ ENEZL 5N 5.

CNSDHRIZBWTRHETREZ LT, 7ANSHAMBOES, 3.2 x 102 cells/ml 7
BEQBEKRIIEEEE (#9100 viable cells/well) iI2BWTH, PSK- o RS2 & REH %
DIET, REEBIKICL D Z LA NH, W, BEUOHNAHENTEETSH S 2 LGRS
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Fig. 23. Effects of ammonium-nitrate ratio on asparagus cell division. Isolated
mesophyll cells of asparagus were cultured for 6 days in various media in which
the ammonium-nitrate ratio was adjusted to 15 : 15 (A), 10 : 20 (B), 5 : 25 (C),

or 0 : 30 mM (D) with or without PSK-ct.
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NEZLETHS. RITHE 7T RIRBWTRRSM, PSK- a3 7 2785 H AL b1 24
I U CHIE M 2 R D72 &, D R D MR IC BV TSRO H 2 Z E RSN E o T
THY, I XAV oy Vs 5 OMPHEREMER EICEIRT 3 2 L0 hs. L
LZD—JTFig. 23D 7R L7 & 512, ammonium-nitrate ratio % 0: 30 & L, PSK- a
ZIRMU B2 AW T, 102 cells/mlbA T ORI E T3 BER T BV ENnS
FENS, EEMICHBEMILEE SR BN TUEORT £/ 13 & 2% 3 = EDVR
I N, EBR, BHOI> T4 P a LV OBRIC, BEROWEINEE L TV N 2T

Fig. 24. Various stages of microcallus formation from a single asparagus
mesophyll cell cultured at an initial cell density of 3.2 x 102 cells/ml in the 0 : 30

medium. (A) A single mesophyll cell immediately after isolation. (B) A colony
consisting of 9 cells observed after 2 weeks of culture. (C) A microcallus formed

after 4 weeks of culture. Bar = 100 pm.
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LZERBMEINTBD (5),PSK-a DREEZEICFD X SR LMHEEFTL> TVWE- N,

2, TRANTHAMIED PSK- o iZxd 5 32O #MRE & ammonium-nitrate ratio B
FROERIIBWTT AT A AN OEHN BRI RITIE, BN 5 7 B2 AL T
ZPR< T ETPSK- o i T G BEMENRBEINZ ZEWRENZ. FIT, RICEHOT >
BT LR A 2 ET AN H AN DO PSK- ¢ ik T B2 M O#eR: & DRIRIC DN
TR ZTTEo 7.
Y, TANSHAMILD PSK- o IZK T 224, EDL 5VNORE#FEI TV S )
ZFND72DIT, ammonium-nitrate ratio 430 : 30 713 10: 20 D EEH 2 VY THINE % 51

A 100
4 —{}— Active contro!

80 A —O0— 24h
;@ —O— 48h
~ 1 —A— 72h
L 60{ —m— 96h
8 | —e— Control
O
@® 40 -
RS
2 I
0 204

0

100
B 4 —{3— Active control
—O0— 24h
— 80 -
0\0 —O— 48h
TI; 1 —&— 72h
= 604 —@\— 9h
[}
s | Control
O
D ]
3 40
= 1
0 204
0

o 1 2 3 4 5 6 7 8
Period of culture (days)

Fig. 25. Retention of competence for cell division. Freshly isolated mesophyll
cells were precultured in the 0 : 30 (A) or 10: 20 media (B) without PSK-o
(control), and then PSK-a was added after 0 (active control), 24, 48, 72, or 96 h
from the beginning of preculture. Initial cell densities were adjusted to 1.0 x 104

cells/ml in the 0 : 30 medium and to 3.2 x 10* cells/ml in the 10 : 20 medium. The
proportion of dividing cells was scored every 24 h.
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BEL, BREBENSO0, 24, 48, 72, F/-13 96 BERI%IZ PSK- o 25 2 =18, #REHGIC
M REBRE L. TOME, 0:30 DEHTIZ3.2 x 10® cells/ml D YHIRIIEEEIZ BN
T, 2RR< EHI6KERHIDM, MILIEPSK- ¢T3 MEELS 2 L h, 248
[ EAZEHI L 72 BBEREAR I T RT Y 75 4 73 MO —WiCERFROEE & BAIEN+ 57
L7 (Fig. 25A). BURIRWDIE, PSK- o & OFiRIE & 24 BFIRIC 5 X 2454, RSB
L 50% ORI 73T 5 DITHEIRRF RIS PSK- o ¥4 88 BL U 64K TH - = DIz kit
U, 48, 72, £7i3 96 FfEIf2IC PSK- @ 25 X =811, 5005 55 RIRETH o= 2
ETHD. DI ER, BHBEEROT XN H AERMRIE, BF5 <#EREEds 0t
BRCEREOEZETELD, PSK- e KT BBIMIMENT L2 HKLTWBEEZZ SN
5. FEET, 10: 20 HEH#ZE VY, 3.2 x 104 cells/ml D ¥ HIHE THIE 2 123% L5811,
M BIIC PSK- o I 222 L > TLU X, KEEBEBE 48 KM X D B PSK-
e ZHE A5 ETE, MRS RRIIERICEEE ST,

CDOXITRBEZEDET OJRE & U T, BRI & o TPSK- o 5 RESZ2E OMER
ZIREGRIHES NS AR, SN ABRNBRENT(I TSI &2k D, PSK- o D
FERREASIENICEZ I N THEBICHRA BB E R E TR EEH L TERAN I S e
ERAEND. BRENWZ &IZ, 10mMETORETY DESUAS FODNEEL TS, 1.0x
10° cells/mIDME #E THE L Z 58 MRS RIHEET NN &0 5, (SR B ER
WKDABRREINDSPREEFIL BESKT PRI A T ORI ERBOT 2INS > AHE
lﬂf&if;bh# EEZOND. EW, T OREDUAF UREEA A LD bHEIBRININS Z
&R (26), T UEDU LA A UHEE ORMIIMMBBILE RET D E NS R (23) BED
BESNTNWS. o T, 7oEZVAN T > ORIUCEDL RGBS D E<Dho>T
WIRWHDD, DWW ERFDINT > RN, 7 Z/X5 H AR %R I BT 5 1
DAZT 4 a3 OBBREERBREHZRELTVSZ ENMIREBENS.
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HO6FE MR EERICHB T 5 phytosulfokine- o EMEYRIVE > & D LB E

(#5)

il

FEYIRIRED in vitroTDMFEIIE, F—F 3 U A M4 2272 & OEIFRIVE > AR E
TH2ZERFAADED TH BN, EHIFEEESETIXZ N SITHZ TPSK- o OEFEEINBE &
2% 2 &Y TIBARE. M, BRBEERICBWTIMEICPSK- a 2 ABMICE 272 T
HEEDFE I NSO, MlLE B2 EET BPSK- e Mg Ic + A BEET -0 TH 5
LEZAOGND. ZITHERERBMELTELTZDIE, F—F2 2081 M4 =20k
PSK- o CAEBEZPHICED X S ERICH D DH, T7abb, PSK- ¢ DEEICDRBRERD
D, HENREEDORBICOSHATHEDONEND T ETHS. ZLTIOEEHLMCT S
C &3, PSK- o OAEBREIZMMAT 2HE B THBIEIND TR, REICHOELHNL N
HYRIVE S ODIEFE#EEMN2 LT, 2<0BHRELEI 30 LAV,

AETI, XTHIEESEERICB W TPSK-a EMYTIVED ENED LS I EER
LTRENZRNDE—BEELT, 7 AN HAERMME, PSK- o, NAA, BADS 5
ERD 2BHEOMEDHFE T THEL, —EHMBICRVO 1 BEOWEZEN LSS,
Z D% CHIRA B BEDBETH 5 DNA MU E D& 5 - W BE 2173/, %, DNAK
BERE G R AR & BOCEMEE AW TR L.
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(FPEHB KA %)

1, REHHLRR3 K O O B

EAR 2 RIS, KHEEESICBIT 3 PSK- e KN 2EZEE2EDD-0, F1E
T R7= Paul 5 DN 5 NH,NO, ZRRWEbOERAWE., ZOBE, Bito7 BT E
WERA A > DX, 0:10 (mM) TH%. £/, PSK- ¢ld3.2x10%M, NAAIZ1.0
ppm, BAX0.3 ppm DHEMKBETENTHAWE. LEO SBEOMED S BEED 2 Bl
ZIRIU 725531200 mlic 7 AN 5 H A fifa 2 )RR # BE3.2 x 108 cells/mlTH#E L, 500~
mlDO=A 7 S AR THIBRZITR o7z, BRMMAD 5 48 Bl Il EIK 2 100 m1 g
D300-mID=ATSAA2KIMEL, FAROAEZROO 1 BEOWEEZHRML 7218, Wl
ORIfSFERZ S 51 3 HHEE Lz, Z O/ 24Kl Z &I EN TN DOREEIK 15-40 ml 2
EHEICHREED, B0 (3,000 rpm, 5.0 min) U THIREZED, 3 <ICHIREERKR (=¥
=)V Hik=3 :1) #T4C, 30 minEEH, 70%L¥ ) —)LTHk&EL, 70%T5 ) —
WHACKKBWTHREL . ZOfilez, BRERCEARK (2.0 1 g/ml4,6-diamino-2-
phenylindole (DAPI) in 25 mM Tris-HCI (pH 7.0), 10 mM MgCl,, 5 mM EDTA) iZ## L,
IR T30 ER, TOEETL/NT— M LRV, WIN—25 220 TH S SR EEmE
(Olympus BX60 + BX-FLA) Z W TEMBODNARZHIFE L. DNARDE R, T
> ¥ b A—%— (Hamamatsu photonics ARGUS-20) ZEHL, &3> 7IIZDWT100
& Dffifa 2 HE L7z,
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[(FRBIUEE]

1, PSK- a, NAA, BXU6-BAMNT A/85H A BRI DML E I & T 3w

TANTHAAE, 245k 2n) OMWTHD, EHTORENMIILG,/G, 1 TRREE S
LTWEZERASNTVS (12). & UBEFEFIBEIC & 0 MIIEERIASE D 3 &, DNA KA
BIA LN O DNA R 2 % (4n) 127257, DNAKSSHMNAROINBREDT(L 2
BRCL T, Mo w B2 MTs 5 Z &N TES. ZOFEOH ST, MG 2 i
WO LV D FRABRZE(L T2 <, DNADOEH WS, K DR BN SMHTTX 55
ICHD. EYREICE - T, BAREIHIIH-720, MEH< 16X DNA OFR
BT RIET ZENH BN, 7 AT H AERMIE OB A BT Ic e X h, M
DN I TS50 ReE@ERD LAV TIRM -7 (Fig. 26).

AR THIRRIZL ST, 7 A/NT AT ARE RIS EREE 21 BV TIEPSK- e icx LT
HEIZRIE LW, NAABXU 6-BADHDEETF (-P+N+B medium), {EHHHELEHEE
T 48 F[HIATHE 38 L 72 R ICHEHIC PSK- e 2 5.2 (+P+N+B medium), 24 BB =12
U 7ZAIIZ 2 DWW T2 OREfaE i 2 bt U7z, = 0fsER, PSK- o 25 2 B WX Tit, PSK-
aZH5ATHG T2KR%E (REEEED S 120 K 1B W TH DNA BOEIIIZERD 5h
T, MR G/G NI Lic £ X TH 7208, PSK- a 25 X = LK TIIH5.1% 48 B
LANIZ DNA EBIABREA L, #5 72 BERIEICIZH 40 % DM G, FiIMBIcBITLEZ
AR S NIz (Fig. 27). #E-> T, EMREEICB VT, 7 A/85H AMMIZ PSK- a2t
FIELIZWIR D ARY A Z A SR D THRB S h-.

Fig. 26. Fluorograph of asparagus mesophyll cell. Asparagus cells cultured in
+N+B-P medium for 48 h and in +N+B+P medium for additional 72 h were
fixed with ethanol-acetic acid and stained with DAPI. Microscopic image was
obtained with fluoromicroscope and digital image analyzer.
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Fig. 27. Frequency distribution of microdensitometry mesurements of
DAPI stained asparagus cells. Asparagus cells were cultured in +N+B-P
medium for 48 h and in +N+B+P medium for further 72 h. Cells were
harvested and stained at the indicated time. Intensity of staining was

measured by a digital image analyzer.
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Fig. 28. Frequency distribution of microdensitometry mesurements of
DAPI stained asparagus cells. Asparagus cells were cultured in -N+B+P
medium for 48 h and in +N+B+P medium for further 72 h. Cells were
harvested and stained at the indicated time. Intensity of staining was
measured by a digital image analyzer.
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Fig. 29. Frequency distribution of microdensitometry mesurements of
DAPI stained asparagus cells. Asparagus cells were cultured in +N-B+P
medium for 48 h and in +N+B+P medium for further 72 h. Cells were
harvested and stained at the indicated time. Intensity of staining was
measured by a digital image analyzer.
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RIERIC, PSK- a BLU6-BADADHEET (+P-N+B medium), KA T 48 K5
AT 2 U 72 RICE I NAA 2 5.2 (+P+N+B medium), 24 BRES ZI12EER L 7- i
WTHIRLE O E(LZR T L=2E 25, NAAZE5XRWHBRXTIE, NAAZS5XTHS 72
Kiflfe (WE2RBA%AZN 5 120 BfR) ICHBW T HDNAROBIMIZRY 5hd, #ilIZG,/G
IEIE L2 EETH oD, NAA %5 A - ERK TlIH5 72 BEI1121213 DNA O &880
507z (Fig. 28). 6-BARDWTHRH LIZHMRBIZIEFRKTH D, PSK- a, NAA, B
6-BA NS RTHEIEL =88 DA DNA O8I fTabhiz (Fig. 29).

NS DRERMN S, BEHIEEEICBIT DT X8 HAMBOAZIIE, PSK- o, NAA, B
L OC-BAWITEMAPICHFEET 2 ZEMMETH O, THEOMED S BO—DTHRITS
&, MiEDKOE—BEETHS DNABHNRI SBNWI ERHSMhERSE. DFED, &FE
RTRONZMERT, TNETNAA, BIXUBADEEF I THEBINS EEZ 2N TVWEHE
Prviia D, HHEICBIL T, PSK- a B REIRORF & L THEERRE 2H->TWBE I &%
BOTRLTWS.

DX D IERORTHNIE L THIRLEIE 2 FE T 5513, Biiiizic B Tidn < D25
STV, U WET ORERD SR FICIIG 0 5G HiNoBIT2RiET 2ETF &,
GHIDESHNEHFLENDD ZENHSNITINTWS (27). BiFidcompetent factor
EIFIEN, platelet-derived growth factor, fibroblast growth factor 7z &4 Z AU AN T
%. Tz FW progression factor LIEiEH, somatomedin, insulin, epidermal growth
factor i@ EAMMENT WS, BT, MYWMIILICHT 3 PSK- ¢, NAA, BLU6-BAM
competent factor & progression factor DEB 5ITET 20H, HDVREBSIbBA R
NONIAHTH DL, MEABOEENS ZNSORTFORENZEZ X SICHBIFT S22 ET,
PSK- o OERIEHEZI S ML ThERZ N,
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% 7FE Phytosulfokine— a &5& &80T DIRAT

FEYIRIAE IR S T HIISRIIAB0C & o THR Ll S T 358, MRS S O Y BHl
ISHIREIR L ICHFE T 2 B OB RMZEBICI > TRAEH, 2 RNBEEEEREN L TH
RRNIZEZESIND 2 ENEN. PSK-a bZOFEWEIKIEN 5% X THINE 258 U ClEinE
MR TFIERT S 3BT WD, HIaERRE, RICHBE B ICSAEIEIET 2 AR A
‘. ZIT, SVFTAY b—T )V LI=PSK- a 2H- IR L, HIfEDbDITT
BNALT 4T T oA B BB LI LN VT4 2T v I EWSHIE LT
3, ZTORDOL BT -4 FORBUOZ L 2EETHIE, BETULHA S KEBRMNTEETH S
CENHEEL WD, TNETHWTERT 285 H AR OMIZ A SB35 D Oc
HRERWTERRZTIZD TEIZUTE. A ROcHRIZIEREHEN LERNES, LS EEERTFO
EERNIVEN ZEARBRNTASNTNDZEND, FI AT oy ZHIIED R, B
bR EET BB OMEREIC UIE Uidnurse cells & LTHA SNTE/HMakTH 3 (28).
B4 DHEYRINIEEE F O R ZED 5 5 B2, OcBRBERD CMHBIzh, 7 AT H AER _
AN USRS 2 R TR TS EN TN D ZERRWE I N0, BIFEZOBA
SR INZRHHEL THRIEMRT L RPSK- ¢ BEUPSK-BEDHDTH D Z EMEE S
1207z (29) (Fig.30). %72, PSK- ¢ BXUPSK- 848, OcHkiikn 70 k75 2 Mot
USBVWIBTEfEEE M 25D Z S bR I N/ (Fig. 31). Zh5OHEEMNS, PSK- a7 X
INITHAAIZF TS A FITOHEEL, ERISEBRT E L THEALTWS Z &R Ih /-
9, PSK~ @i &> THER I SN MR O/ L O EBSENELERET 5 1T, 1 3hE%
MREERD Oc R EETFNAEM E L TRIFT S Z ENTRETH B EZ 2 5N 5.

NAZTA 2 TT oA, VHY RTHBPSK- ¢ i SRV EEAT S 2 ENRiHRE 72
B0, Z< DFHERDHERE, PSK- il BV TRLEEREHRETH DHBELIC, SO47
1Y b =TEUTHS 2HAT 2P ERERERHT L. 135N/[5SIPSK- a 2/, 7
AT ] AZERRIABE & A RIEEMIBOCKRICH LINA > F 4 T A 2ot b
5, &5 5 OMIEICBNTHHRETANOEERESHERINSD, BKENT S ICHEH
720 D[FSIPSK- a & BIZOCHR D H 2T 285 H A ERMILCH T3 B DI D b0 E
ZnoTclzdh, PSK- o ZEEOFEMZMITIL Oc i HWTITRS Z &2 L.
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Fig. 30. HPLC profile and LC/MS spectra of the active principles. (A) Active

fractions eluted from Bio-Gel P-2 column were dissolved in 200 pl of 0.1% TFA
and separated on a reverse-phase column (Develosil ODS-5 (4.6 x 250 mm))
with 12% acetonitrile containing 0.1% TFA at 0.5 mI/min. (B) Mass spectra were
obtained using a Fisons VG platform quadrupole mass spectrometer equipped
with an electrospray ionization, interfaced to a HPLC system. The HPLC eluate

was split 1:9 so that 50 ul/min flowed to the mass spectrometer during
separation,
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Fig. 31. Micrographs of microcalli derived from rice protoplasts. Rice
protoplasts were plated in thin layers of agarose (0.4%) in a Petri dish at a density
of 1.0 x 10° cells/ml. Agarose beds were then cut into 4 pieces, transferred to MS
liquid medium containing 1.0 mg/l of 2,4-dichrolophenoxyacetic acid in the
presence or absence of PSKs, and incubated at 25°C without shaking. After 4
| weeks, total numbers of colonies (2200 pm diameter) were scored under an
‘ inverted microscope. Colony formation frequency was as follows; 66.8 + 7.5%
(PSK-a, 1.0 x 10 M (A)), 39.4 + 2.1% (PSK-o, 1.0 x 108 M (B)), 48.4 +

3.0% (PSK-B, 1.0 x 106 M (C)), 16.4 + 0.8% (PSK-B, 1.0 x 108 M (D)), 13.7
1 +2.3% (control (E)).
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(MELB KO E]

1, HifaoikfRssE

1 % (Oryza sativa L. 5924) O#IaE#K Ocld, EEARFOEHTHREHIZ IV CHEE
Wiz, RMRUEERIE, 14 HBZITHIfaEmN 5, MEZEA Y Xy FZ2AWT 10ml pev &
EEKERD, ZH%2,4-D 1.0 mg/l #ET MS #1200 ml DA 57 500 mlO=FT 5
A\ L T IR TESIEEL, BET25C, 120 om O T TIHRBEET S &
& Do 72

2, [*°SIPSK- a D& RL

WARERTF R -1, Boc-Tyr(OH)-lle-Tyr(OH)-Thr(t-Bu)-GIln(Trt)-Linker-
Resin i3, %4 BBV TRNEEHERIEICL > TARKRLZ. New England Neuclear &
DA L 72 [S]sulfuric acid solution (800 MBq, 1,500 Ci/mmol, 1.0 mD, 7K&WK & 735
TNBZHTDEXTRERICHND ZENTERN. T2 T, TAHF v v IRBOT1 Y
O\ 7 )b (Wheaton 986297) I8 L, B L 72, BERIEO-DEMRREFEDZ 2.0 ml
D) TENATIVIZREIL, 21 > P20 UTHETRMREEZES, 1.3 1l1dcold H,SO,%
MAT2.0 Ci/mmoliZFAR L 7=. KiZ, DMF-pyridine (4:1, 0.5 mDiZ, MOHEERTF K-
L22(5.0 £ moDZME L, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC)
(10 mg) Z M A 7=#%, [*Slsulfuric acid D A2 7281 7IVICB L, HiRTS5 HREE#RLE. 5
H#, RISHEKIZ1.3 11D cold H,SO, 2MATX 512 2 AR EET . Kb, 5
REXTFR-LI22ERY MY OF VT THESEZIZASAIEINRL, 1.0 ml OFEZK
THIFE, HONATIVCBL, LOmMIOTFAZMA T, BRICBWTHERL, BHRERY
L5 DYOH L 2ITRo7. 3034, RIGKEKBLZI0mIOIPIFIIT—FILic
mz, B<ESUKZ#E, #EL (1,000 rpm, 3.0 min) iIC&> TR F REERLE. TBL
TeRTF R2E, 3<121.0% NH,OH (1.0 mD) IZ¥#& L, £ D0 ki (1,000 rpm, 3.0 min)
Z HPLC THH T 5 Z &Itk D, [3SIPSK- a 24 7-. #4iX, Develosil ODS-UG-5 col-
umn (8.0 x 250 mm) ZAW, 0.1%EHEY > EZULAZSD10% 72 M MYV EBEHE
FEELT, 2.0 ml/min iKBWTHTARS /2. RIFER 12 5 EE OB ITIEH X N5 [35S)
PSK- a2 15 ml @7 7)VA>Fa—TITEINE, BREEETHIEICED, 60 neg (NE
1.4%) D[¥SIPSK- a %, Hi&EH 1.0 Ci/mmol THz.
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3, 1 FHfE subcellular &4y o

ML 10 B H DA % Oc #IRERIIZNKE 600 ml 2 53l (Advantec No. 2) 12k > T4
fBZERL, #5100 g OFEMIEES~. ZOMKEE, 150 ml OBE®K (25 mM Tris-HCl,
pH 7.0, 10 mM MgCl,, 2 mM dithiothreitol, 2.0 mM leupeptin, 2 mM phenylmethylsulfonyl
fluoride, 250 mM sucrose) IZ#EH L, 4CIZBNWTT L >4 — % HAWTHER (25,000 rpm,
50min) L7z, KS5NAEAS -2 2EHDI S5/ 0 TRGER, WKEIEKEOLE (1,000
X g,8,000x g, 13,000x g, 40,000 x g.). TNENDEIRMETESNZEEE, HS5 AR
B F AP -2HNTS.0 ml OME/NY 77— (10 mM MES, pH 5.8, 10 mM MgCL,
100 mM sucrose) IZEEL, - FMifE subcellular B4y & U 7.

4, XM 2FT4 2 T7vEAq

1 R OcHROMEREZ FINIENA > F 4 277 v eA12i, #REE# 1 0 HE O 14k
ZRWZ. BEHIEZ500 umDATF ULV ARAY L aTHBL (V525 —BENEEIL, A
NR=FVOBEZFHE> TEIALORY), KERY SAF 2BV, BOEE (100xg,
3 min) IZ& > THIREZEIN L, 7 vt~ /Ny 77— (10 mM MES, 10 mM MgCl,, 3% Man-
nitol, pH 5.8) ICH&E L7=. 4CT 1 BefigpER, MlRZ7 v 1Ny 77 —T2E%EEL,
BUTY ANy 77 —ICRB L TERICA W, 7 R85 H AERMIAE R WA 25 4
STTvARE, BIETRREZFRC UM THELZMEE, ZOEET v ANy
7y —ICREL THWE.

BT v OHBER, 15mld 7 7 Va2 F 2 — T2 AN5.0 mlOFIFETE (
FDO%E, 0.5 ml packed cells ()2 x 106 cells) per 5.0 ml buffer, 7 235 H A DEE, 2
x 10° cells per 5.0 ml buffer) 12, [3*SIPSK- a Z5&#4&BE3.2x 108 M (K2 x 105 cpm) &
2B EDITIZ, 80 rom TRERB LEAS 4 CTIKBNWT 4AKRA > Fa_R— kL7, IES
REGREZNET 5HEII, [PSIPSK- ¢ D100 B DIES N)LPSK- a DEEFA > Fa
N—b2fTlaolz. A 2F aR— Mg, HilRZH S5 BB (Advantec GC 50) THEL,
5.0mlDY vEA Ny 77 —T2EMEH 0BUN) %, MEE5.0mo>>FL—a>
A7)V (Amersham NCS-1I) 2 ANi=3 > FL—a UNA TIVIZB L, 304 5kiE1g,
»Flb—aAhy iy — (Beckman LS-6500) % W THE L7=[PSIPSK- o D&% s
L. AN A E HWEHA, S 0FL—2a hr T EBeT 3R, 10%7
YFIRIVI % 2.0mIMA 30 FHBEAL, ¥5122.0mlo) 50 mM FARKEF FU AT
T FRIVI DRDET SBEERITRO .
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5, A% Oc¥kHRD subcellular E573ZHWENA T4 277 vEA DEEE, Ty
RIVTF 2 —TIANTZ 400 1 10 subcellular Bi5 BREWIZ, HAQHEE 3.2 X 108 M D[35S]
PSK-aZMA, K ET4REMA >FaX— b Uk EFROEEREZRET 255121, [3S]
PSK- ¢ @ 100f&& (3.2x 10°M) DIEFNIIVPSK- a DEFEEF AL > FaX—b&2fTx-o 7.
RIZ, ZOMEREL YR BV TFa—TIZANZ0.5Msucrose &8 1.0ml D7 vt
ANy 7y —EICEBL, @B#L (86,000 xg, 5.0 min, 4C) 12 5T subcellular His} &
e, VA RESBELE. LEEEEICRELZE, ILBZE 500 1 10EBKICHREL,
5.0mlDY > FL—a Ay FLEANEY Y FL—a >N TV, 304 KBS,
P Fb—a iy — (Beckman LS-6500) %W THE L7=[¥SIPSK- a D&% HI
7E U7z, % subcellular B ICE ENSBY > /N7 EEIX, bovine serum albumin % 24 -
LU T Bradford i k> THAEAER L= (30).
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(FRBLUVEE]

1, [¥SIPSK- a DIL#&

INA T4 2 TT7 A 2R, BDHEETI VLAY H > ROFRMNRART
HBN, RT7F REMERTFOERICELAINS SIS )UL, Fodl BENBRILINT
W5 PSK- a DB A, FERTI MIANOENILEMICRAIEETH 5. PSK- i, HEw
BRFDORTF RTHHED, LZHEEEMITTIERLTEIRETHD, T, EROD
EREOHE T, FEEb T 2R FIIEEORBICRARDEM TH D HNEE L. T2 TE
MIRIZBNTIX, PSK- o OIEEORBUCHEDERER TH D5 T A 7 )VERALIC 35S 2 # A
U, SRNVZITRDIZEIRLE. BEEAD-DOREICIL, METRRELSICEYE
DMF-SO, 2V 515 Z &MLV, DMF-[SISO, IR N TH 5T, ARbEETH
B8, TIRENTWB[*S]sulfuric acid 2 FIH U TARBBREHLT D Z L 2RI, Bi
DRFFDFER, LTOK S 2B RiEEMIL L (Scheme 2). DR TRBEE -0,
R E N TNV B[BS]sulfuric acid B/KBK E 2> TWB D, BEEEEZTRbERTIERS
BNRTHON, BHRADID DPENLUTRETSZET, BERETS I EL[%S]
sulfuric acid ZIRHE9 2 Z LN TERZ. FF INTWB[S]sulfuric acid 13 A&#EIC L THEW
TVWInBETHZOT, ESNVEFRRZAVTHERL, L32ERICEATES 28 (1.3

OH
1
Fmoc-Ile-Tyr-Thr@#-Bu)-GIn(Trt)-Linker-HMP Resin

a

OIH OIH '
Boc-Tyr-Le-Tyr-Thr{-Bu)-GIn(Trt)-Linker-HMP Resin
b
35S03H35SO3H '
i |

Boc-Tyr-Ile-Tyr-Thr(-Bu)-GIn(Trt)-Linker-HMP Resin

[V

|

35§‘i03H 35S[03H
H-Tyr-Ile-Tyr-Thr-GIn-OH

Scheme 2. The outline of the synthetic approach to PSK-a. a) Successive coupling
of the Boc amino acid with the peptide chain constructed on the HMP resin using
peptide synthesizer. b) Sulfation of Tyr with 20 eqiv. of [35S]H2SO4 and EDC in
DMF-pyridine (4 : 1). ¢) Final deprotection and cleavage from the resin conducted
with 95% aqueous TFA.
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wl) W U7, DMF-pyridine # TEDC ##&8# & L TRWTHEB I AT I L EF5o 7~
WiEEZ&O 5720, MATZETNIVBHRBOBE TESRLILBELERED, B 5N7=[%S]
PSK~- o DIRBIIED - 7208, MEEDONA > T4 77 v A KERTE 2REDOREHE
T5 I EMNTER. [BSIPSK- o DMiEHIE, 1.0 Ci/mmol TH D, N1 >F4 > TP vtA
i, SRFIHRETH - =,

2, MMERENDPSIPSK- o DS

XY, INETTHRRICAVWTEERT ANS HAERMI &, PSK- o 24FET 5 Z &0k
IZHIB L 721 R Oc PRERE L Z A\ T, MIBRE A D[PSIPSK- o D& 2T L 72 (Table
4). TOHER, 32 nMO[¥SIPSK- o #HE FTA > FaR—a Y EITRo LGS, TANS
A AR (107 &) W% LT, 50 cpm (50 fmol) BEDKE L MR TE M5 7208, A
MR (107 f8) 12 L Tid 632 com (630 fmol) DF B AMNBEINE. 5T, LU
BRORBRITIE, 1 F Oc bR Z A5 Z LI L.

RIT, 1% Oc RIREMIILIC K B[SIPSK- e D& 2, BHRICHIELEZEZ S, KR
HORE B RIIFFHE & E BITWIL, 1 >FaX—3 3 &L TH 5 240 812 600 cpm &l
BTRE—E Lo (Fig. 324). 2L, RESRIFBRENBERIZ, 240 2D
BONICHINERT 2. —%, [PSIPSK- a OHFEEFA »FaR— a3 VEBEBELTHS 240
s3I, 10015 BDIES IV PSK- a Z¥RINIL, [P°SIPSK- o OMEEHIRZRE Lz &5, 3k
7NV PSK- o DI 60 3 ISR MESBR SN, To%kd, 3RMEIKbEST
RODISRBENFED 57z (Fig. 32B). fE-T, ZORAIL, THHTHSENWS Z LA
BEINTe. Efe, A Fan—val#, MaOBEDHET NV PSK- o ZHES® T
T I, [PSIPSK- o DR RAIEETE, )V PSK- o DBEESHEH 2B LizAto T

Table 4. Binding of [35S]PSK-o to asparagus mesophyll cells and rice suspension cells. Cell suspension
in assay buffer containing 3.2 x 108 M [35S]PSK-a (= 2 x 105 cpm) were incubated for 4 h with shaking
at 80 rpm at 4°C in the absence or presence of 100-fold excess of unlabeled PSK-0t. After incubation, the
reaction mixture was filtered through a glass fiber filter and the cells were washed twice with the buffer.

Radioactivity of bound [3>SJPSK-0. was determined with a liquid scintillation counter in a 5.0 ml of
scintillation cocktail.

Cells Total binding (cpm) Nonspecific binding (cpm)  Specific binding (cpm)
Asparagus mesophyll cells 317 267 50
Rice (Oc) suspension cells 1536 904 632
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Specifically bound [35S]PSK-a. (cpm)

Dissociation (cpm)
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Fig. 32. (A) Specific binding of [33S]PSK- to rice suspension cells as a
function of incubation time. Rice cells were incubated at 4°C in the presence of 32

nM [3*S]PSK-a and radioactivity of bound [35S]PSK-a was determined at the

indicated time. Specific [33S]PSK-a. binding is the binding displaceable by excess
(100-fold) unlabeled ligand, obtained from total binding minus nonspecific
binding (inset). (B) Kinetics of [**S]PSK-o. dissociation after addition of 3.2 pM
of unlabeled PSK-c. Dissociation was started 240 min after initial incubation with

[33S]PSK-o by the addition of 3.2 uM of unlabeled PSK-o.. Total binding curve
after addition of the competitor was shown in inset. (C) Competitive displacement

of [33S]PSK-a. by unlabeled PSK-. Rice cells were incubated for 240 min at
4°C in the presence of unlabeled PSK-o at the indicated concentrations. (D)

Scatchard plot of specifically bound [33S]PSK-c.. Non specific binding was
subtracted from each value in Fig. 32C, and the resulting data were used for the
Scatchard plot.
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K F L, 10° MfHETIEIE—F & 725 7= (Fig. 32C). ZDFig. 32CHTF—F¥ EAF v v F ¥ —
R7Ow MK DTS &, Fig. 32DIZ/RT & 3 curvi-linear RS/ SNE. 2D
Z &, MR Oc HRBREMIEOMIRERICH 5 &5 X 5N B[FSIPSK- oS E A, HaE
RORBD2DON2HBEGFETDHIEZERL TVS. HIRICEEND 2DDERDOHEEZ &,
FhooxtIEhs, BEINEORESHMOBEERIZ1IX10°MTHD, Tokidlx
104 sites/cell, {EHMMERMOKEESERIZ1Ix10"MTH D, ZO¥IL 1 x 105 sites/cell IRE
ThdLIEIN-.

3, [33SIPSK~ a D#EA DR A%

INETORRNS, 1 Oc HRREHIILDOHINLRM IZIX[PSIPSK- o # G EHANEET S
ZEWHEMN LIRS, OB NEICEYMZRIIEROH D HONEFMT 572D
i, TOREOREMEHIETILENDS. €I T, LITARLUZEEED PSK- o FigiA
ERAWT, AR5 4 a RBRETRok. TOHRE, PSK- e BRHEDS L, FO >0
fISEDN 2 TH & BIEBRL SN2 DO D AMNBSIPSK- o DIEA ZHEL, HHEF/Z/2WPSK-
e FBRAKIIE<PSIPSK- ¢ &2 RF 4 a2z, T7abb, EWEHE EESTEEDRM
IZIEFITEWAHBERR R D 5 Z LR S Nz (Table 5). - T, ZOEBRRZTHRIHEINT

Table 5. Competitive displacement of [35S]PSK-o by various PSK-0t analogs. Rice cells were

incubated with 32 nM of [35S]PSK-0. in the presence of 3.2 UM of various synthetic PSK-ot analogs
or 1.0 mg/l of NAA and 6-BA. After 240 min, cells were collected by filtration and analyzed for

radioactivities. Abbreviations are as follows: [1-3]PSK-ot; Tyr(SO3H)-1le-Tyr(SO3H), [2-5]PSK-c;
Ile-Tyr(SO3H)-Thr-Gln, [1-2]PSK-o; Tyr(SO3H)-Ite, [OHIPSK-a; Tyr(OH)-Ile-Tyr(OH)-Thr-Gln.

Competitors Bound [35S]PSK-a (relative value) Mitogenic activity (ED50) (nM)
PSK-a 0.0 4

PSK-B 582 50
[1-3]PSK-at 26.2 20
[2-5]PSK-a 118.1 >1000
[1-2]PSK-a 103.6 >1000
[OHJPSK-a 97.6 >1000

NAA 114.5 -

6-BA 102.2 -

Control 100.0 -
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W5 PSK- afE G HAZIE, PSK- o DFREZMINIBICEEL, MADHEEICBEET 28k 4 %
BN S Z 5 & 29 PSK- o HRZER 2B TO—EHTH S FIREENE V.

F7z, Table SITR UK D IKBEHI DY RV E > TH 5 NAAS® 6-BAI, £<[*¥SIPSK-
e DIEEEMET S I L3R <, PSK- ¢ EZDOZBEEICEL > TR I NS EFTEERKD,
BHOHEYMRIVE > DBEEGT B EFEERK &I, Dix EHZRENHB 2 21T 5BE T,
W LERBTHDEZEZAE5NS.

4, PSK- a#i&EALIIHIRRICEET 50 7

FABEZFOBY T, RTF MEEHERFREZ<A5NTB D, TOZAMKRITE T MRS
LEETHZIENHSNTVS (31, 32). LML, INETOHETIH, PSK- afieH
LA RENICHETET 5 & SR S N2, TR EICEET 50 ESMEIFRHTH
%. TIT, 1% OcthiBEMILZRBIE, BELT DI &Ko TR D subcellular 4}
2L, FEITHT BSIPSK- o DfES ZHIE Lz (Table 6). DR, [PSIPSK- o
¥, F& L T13,000 x g BL£1N40,000 x g DEFITH L TEWEEZRL, 1.0mg ¥ >
INTEHTZD 4055 60 fmol BEDR RV ENRE SNz, BRLICKSBERESEE TR
MRS IEE 7 2155 Z LI TERWAS, EYfiig oRifaiRid 3 & L T13,000 x g5 40,000
X gDHEHBPITEHEIND ZENMEINTNS (B3). > T, A R OcHBREBMILICHEET S
PSK- o f§ & HRALIE, MIARICRET S I LN RRENDS. /2, ZOEF IR SN
FEE ALY, HAEERICBNWT 2BBICATENDIZEEDS B, WTNTHHINIITDNWTIE
CDRERMDOTETTIRHETERWS,NA T4 277 oA BT BIEREE Y T RO

Table 6. Binding of [35S]PSK-o to various centrifugation fractions of rice cell membranes. Rice cell
homogenate was filtered and successively centrifuged at various forces. The membrane pellets were

suspended in binding buffer and aliquots (400 ul) of membrane suspensions were incubated with 32
nM of [35S]PSK-o for 240 min at 4°C in the absence or presence of 100-fold excess of unlabeled
PSK-a.. Afterincubation, the reaction mixture was overlaid onto 1.0 ml of binding buffer containing

0.5 M sucrose and centrifuged at 86,000 x g for 5.0 min at 4°C. The supernatant was discarded and
the pellet was analyzed for radioactivities.

Specific binding of Specific binding

Centrifugation force  Total protein/assay (mg) [35S]PSK-o. (fmol) /mg protein (fmol)

1,000 x g, 10 min 10.2 19.1 1.9
8,000 x g, 15 min 8.8 114.0 13.0
13,000 x g, 15 min 1.8 80.5 44.7
40,000 x g, 30 min 1.5 90.1 60.1
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HERAEICEEOE (86,000 x g, 5.0 min, 4C) Z2HAWVTWAEAERTIE, MFEEOEVWEHEM
MESMMIZIFEEAEREINBVWIEEbH S EEZZI5NS.

AEEIZBWTIIPSK- o DERSEFRITOVWTERITL TERL, 1 RXOckOBEZTNH
WHaZRE, BT 5 ITHIMEE LICHEEL, MIENAPSK- ¢ DRI ZLEL TWD Z LI3RE
WREWTHBS. LHL, BREORRS 2EEOKEMANENENED XS RkEIZ2H
TWBNI, BHEDEZAELIFRATHS. £, HEMWALIA X Oc RREMIRICB N TIX
MAEH7=0 1 x 105 sites/cell BEDBERETHDIIHML, TANTHAERMATIEZD 10
S0 1EELMHEINRN oI ENMERKRT BDODIIDNTHREKI NS, — KA
BT A DML, WTEEMEY ORI ARG AR W 2 ENE VA, A R Oc ik
BRI RN E W EBHMSNTHD, I AP oy JMilAOFE ML Ok
RECF—AENELTURUEBWSNAHETHS. ZDOckkDBEIFERENDRE ST, O
EDICIIPSK- o Z BN S BICEET 2D TH B EEX5NDM(29), SHEAS M ERS
72 PSK- ¢ ZEKOEDZ I LOMICH, AISHORREENDZDND LIEn.
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MEEER

EYRII, AR EE TR 2T L2 OMEMIHINTLES EVWSERITIELIM
LHISNTHY, ELCMAPREOME ZHERT SBERFASEN TS ZEH, BEIZ1970
FRENSHS M Lo TWe, LML, ToYETRbBEYMIREERFOREEZES
MTL KD ETDHRAEES SHRINET, BRAM19964EICT A8 5 H AZERMIFEHRD CM
M5 Bl U7z phytosulfokine- @ (PSK- ¢) DRAIDHFI LIz oz. ZOBIZEST=7 TO—
Fid, F—=F VA MAAZVOFEET THOHBETERWIBAEE THlR2EEL, 22
KCMZ 5 X - 58 IR S NS MM 2 BRICEEME 2 B R T 2 &0 S RARYE2M 7
HOTHS. LEW>T, B TEREZRIVETH RO LTEYMREICBVWTRIHENS
72, PSK- o ICMICEEN 5 EHMEERFTH D LRI D LN TES. FL
THI—DHERI LY, PSK-a LY BEMTH 5T A/NS I AMBIET TIERLS, 13
BOWMMTH 21 RMICK > THAEESI N, R OMBOMEZ®R< BET 3/EH
ERDEVND ZETHD. ZOFEHIL, PSK- a2k U TEERNART TIRRL, #EIRIC
BNWTHROEBEEZR > TOSHREEZRL THE D, 5% O EBPBNBIT 272512 +5
B EHEEMETHDLEEZADTHAD.

CM 1720 SRR FE R 728 R & N2 B, EhpMERRIC 33\ Tt colony stimulating fac—
tor (34) = T-cell growth factor (35), transforming growth factor (36) 72 & 10 &8
BENASNTHED, SH%bELRAOMBERT AR NBTHEIND S EEX 5N TND.
IN5DORETITI, DD WITREOHIAE L2 s e TEEL B TBEHEI N MR
FIHEER PR EH5MOBEELRBRE)NEMTER>TRRENZHDH DRI,
FIZWENGF I, < AWE 180 £/21d 37 DMK 2= M IRAE R AN SR %1 5
&, FEETD 5B T A o TEE OMREMD MENBEEI N Z &8, Z0B DM
HRDIE 72> TWS (37).

ETAT, BAMTHSNTHRWD, YOHEITBNWTD, 20X S BHIEMEERRD
BRSNS HISHIBEEISNC DN DO BEINTNS. TRV EDIIE ¥ 7 =F Y VER
ARLIC BT BIREEDHRND S. 7 AT HADBA L FEEICHERAICESX -t v/ =
FVURERMIE, A —F > EHA MAA 2 OFEE FITHW T B I i oS M
NEMMET B, 10% cells/mILL T OMIMIEE TIIMERBE L ETF T3 205N TN
% (38). ZOHE, REEANOHMLIIMEARZ LD TIET T2 Z ENTHINTNS Z
EN 5, KA ERIC BT 5 MEROE T IMEESNH I h 5 Z &tk > T 2 KMICE|
TR SNIZHERTIARN. £, 20 P VBT BRERHRRICTB T bEESENHE
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SNTHY, BEETRAERFEREMET T EBH5NTNWS (39). KL, ZoB
DAL AHETE LK EE OHROHED LD KRR DD TR, ZHET, ZOLD
BRI T —F > YA MAA SV OEBIER LEEDITTHRESNTE RN, 2h 5
DHHTFIVE D BEEL TOBEDRNRBO 515 WS EEL, £EMICHMENRADRE
TZEEL, TNOMRMEICRBEEL TNS I EZRBL TNS.

T, PSK- ¢ DHEEIC K> TCMIZE EN D HIERFA “MrTh 20" IOV TSR
M EN=A, FHIRFIZ, PSK- ot “ED&SI1C” MAHEEZFET 0N E NS BEEZBEN
REINZ. CORRDIOVTEEZ DT TO—FRELSNDD, KR TEETAH—F
VA MM EPSK-a ENEDX S ITHEMRAL THREHEEZFRET 0N ZHAT
BIDDHEIBERELT, IS IBBEOETFIMERH 5 WIIEK TER S I W51, Mg
HIEDE—EBETH 5 DNABENTRONEINESI N BRI L. TORE, 6 ZIRN
e XD, EREESICB T S MaEEE 3SMBEORFOIBEENN—DTHRIFTLED &
BINRBWI EWREN, NS5 ORTFOIRENHBEREICKHEATHD ZEMRSINZ. 20O
Z &R, MBI R TH A IODDD ST, F—F 2 0P A MM Z V&Ko TR
Z{EREENBNH LBOEBRERZPSK- e NEHEEL TWH Z LRI BB L THY,
ZDREHSNITT B LIFSHEPSK- o DIEAKBZMIAT 5 LT TEEREKRERD
EEZLNS.

BOEREN DS, MRDEY I E > LIZRZRDI N DL O EBEEWE, #l X delici-
tor IR NSF U ITH v NI S54 R (40) ®systemin (41), nod factor (42) 72 EMNF
RaEn, TN TNOERAEBINEAICHEIND LDk, ZhsORTIE, &gk
D= DICHINEE ZEIR T2 Z EMNTERNENDS ST HEIVE > ELFNCKEL
Hizd. TLTIDZ &R, MREBCRRNZBRNEET D LE2HBRBT 5420, M
JAZDHDRREED EFANTEELSDNA 2T 4 2T 7 viA0, UH 2 ROBEBERMN T
DNZHER, TNTNORTFICRENSESRANEET S ENHENEROTETNS
(43-46). 1 TH, elicitor iC DWW TIIRIEHIIAE LICHEET 2RENIEE S >\ DI BigE, »
O—Z2 73N, ZOMENH S &5 72D, S LB L ICHEET 2 2 EMNRE
NTVBIBEDST, Z0OT I B~V T ANSHEET BB, B EERHANR,
WZEnTWIEW @47). LML, ZOREYNRIOIY ¥ —IMT 5 K, 133.6 nM &b
ROBWEZRL, LETY—DBRHITRD S 5 EEZ 505, Systemin DAL, SBP40
EAMNT SNIZREE S 2N PRGERIC K DFEIE XN, TOMREDBHTAED SN TS,
ZDH )X systeminYIHEHRZ R EF L TBD, 7057 —¥O—RETbHBEEZ 5N
TW3 (45). F7znod factor ICBL T, NA 2 F 4 > 77 vt OFERN 5 K, 511.6 nM
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EEORRYSZEENEET DI ENHLN LR TSN, BRENZ LI Z O ETEEIX
MR E 7 & D B OREEDOENEFICAWE I NS Z EMEIN TS (46).

PSK- a OBI5 2 AHESREEROBIICY, TORKRIE B OB VBAAIRTHS
EEZSNBN, BIERXBNTERREZESIZ, 1 FEEERK (Oc) OMilEXRBITIIES
FtE S KB D 2 BEOBETNAERET 5 2 AR I N 8B OB STV OK,
131.0nM &R DEWEZRLTHEY, PSK- e WEMELZ2RTBKEEN 1.0nM TH
B5IENEEATLESY —OFEAFEREIRD D 2D TIRIBRVWES SH. TO—K, Bk
HEEAI, BEHEODDICHRTEMWI0HEBEEFEEL TS, FHRIMIZ 100250
IBELMNRIBNI ENS, ERIZED IS REHPNEREZFDONMIBED & ZAFRH
ThH5.

BfiiRicBN T, FF—EhAr— RORRR EHRNGEFZZEROMBEAN, EGFIC
REFINBRTF REMIGEERFORR &, THIBIEREL LTy —F 2 X0 Ot
EZRELTNSZEREHASENTNDN, BEETIION > TWAHERNEENS, MEK L
CHEET DA DOL BT —3T 22N 5 ORBEERBOBRAN S M ET D ERDE DI
% (Table 7). BdBEHLNSHAR SN, MiaHEHEICEEREFHERET Tdh 5 epidermal growth
factor (EGF) < platelet-derived growth factor (PDGF), insulinz DL tv7 ¥ —13 1
NFRDOBEEREE Z2#5, filaNOF O FF—EFAAEERF ORI KIS L TEEY
CEBLEREITZEDSHMSNTNS (48, 49). ZHINMLTGF-B7 7 I —&Itidhs—
HOBHERFITHT 2 L7y —08EE, U 2 - AVA o VBFF—EREEER->TWS
(50). F7, RZRIIPLY R DREQESIFRTF RMEBBEETFOL 7Y —idF
F—EEEZEREL TWRWEENZWA, G-proteinZ N L THRAKRY NN—FCinEDth
PRAvEI Dy —2EMHETS I EILD, MENICEENEEES NS ZENHLEMIEH
TWw3 (51). YHIRROEET, BEDOU N RT3 L7y —0BirinEn T/
D, NGB EERBORRCH B LTI —DMIEA R A > REDX S #EE LT
NEDOPEWHEABETH 5722, IEEEN TN ES D—DTHDILFL DL Ty —EEZ

Table 7. Classification of the receptors for various peptidal growth factors.

Growth factors Receptor type

Insulin, EGF, PDGF, etc. Tyrosine kinase

TGF-f family Serine/Threonine kinase
Bombesin and endothelin family G-protein coupled receptor
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ENBZI NV EOBENEBRENHEICLVBAIN, EXAF I FF—ViEHEED
two—component system T&H 5 Z EMBASMZE N (52). Two-component system iZ
WMEMDOREIERIIBVWTRHEINTNSESHEERBTH SN (63), ZOXIBRNAE
VBZBA TREEINTVS ZEIEFEHICET 5.

EIAT, FOL  RENHBIATIVEENZBEEZREDORTF ROy 2 N EBESE
ZROHIE, HEHHF TIEPSK- aBRHITH 20, B8R TIEIHZA MY > CCK-8%IIL®
ELUTH 0 BENBIZHISNT NS, TDIEDEXRHDZE Table 8IT/RTA, ThbiZdk
BT 20, TRXTHBAMWEDOXRTF RRF NI THEIRTHY, I DAINTIERY
FU— 2 2R T SRICHBEB IS TOEy S 0 JERITHDBDOEEZLNTNS. 20K

Table 8. Tyrosine-sulfated proteins and peptides.

Protein and peptide Origin
o-2-antiplasmin human
o-fetoprotein human
o-2-macroglobulin rat

caerulein frog
cholecystokinin (CCK) dog, human, pig
complement C4 human, mouse

dermatan sulfate
entactin/nidogen
factor X
fibronectin
gastrin

hirudin
leucosulfakinin
[Leu]enkephalin
phyllokinin
secretogranin I
S-protein/vitronectin
SG70

yolk protein 1

human

mouse

cow

hamster, human, rat
various mammals
leech

cockroach
various mammals
frog

cow, rat

human

volvox

fruitfly
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DT O T BRI RESIRERCIE, BIBRES DN BT H BED 2 FIVEFINEEL T
WD ZEATFRINDZD, MBRIEF O CREOMBOY 2 ) BEFICD W THREEOH E
DR SN TORR, BET I ) BALBHNZEETIEANRVEINTNSA
(564), T FIVEFIEZEZ SNDRERFNIEEDE ZABITHERINTWAWN. $, ¥
INT ) BALDHIRANE B ERZERICBWTH MR AT v FOBREZEETZ EBHSNTW
DI L, RBICIIEEICETTHNTHS EEZSNTHD, TOXENBENIBETD
XA THWARN. LAL, MBIATFIVMEEINZF oL D BRECHELETYI VBN O
T7 =B KBRTF G OMRIZH U TEFEZRIHARGNSNTBD (16), Mk s
WD FERIRE AT, MG BN THRET 24 DX RRTF R 2, MM CEET SEBERIC
KDNEINSRETHHEZLTVBIONBLALZN.

FOL L DRBIENINETHED ANEINTWAWEBOOEDIZ, TO5A > —4
I —DI R RITHNS NS TFA OBELNT T, MBLF O > OREENE
SRR INTLUENRESHOFOL D ELTRIBENTLES ZE08%IT5N 3 (19).
ZOzD, 7054 23— LY —TRAMFI L, 70— T2 EoTI NI D
EREZRET 5 EVWSBEOFIETIE, HMBLEMOFELZDNS L3 TERN. ZOAI,
D=UX Y —ETT SO EUTRIHEND Y VEET X BT 2 BOBS L
RESHEEZD. Ldo T, EL4BRBEISEMUET TS TOF1 > F—F—R— X b,
FRERALIERT 21T TND 2 EMH S NANEERBEINTND HON W DOEIET B AlREH:
NHDEND L ELEZERITRETHSS.

i, Afila Y O— 22k 30— (0FENT A I THEEICR - N, EYOHRT
B HEBRTD S AR O— > OEHS U 0RO Z & & U TIRDNTE . Bkt
—ESMEUTUED L2 OREZHIFT 5 DICHEREBEFUSMNIZSIKIRLTLEY, &
BICEEE L I N0, OB R T —F 2 D 0 A MM 2 RSO B T
ETRMEDHIEHRDRBIZRED, TDOHINS DRIVE L DHRELILE T3 EPREI
DERBETHIEEE LI N, FEFPREREF MUY, 5B VIRAERER THEE
WEMAEZEERT S2MHEZR > TNS. ZOXI BEMDOMEEREE E REXE 2 OICRERIB
BOOLEODHBDOBMER AN AMIETH DD, TNETIESNEERWEEMS
PSK- a2 5 DBRICELS b o TWAAEEMIIED TEVY. PSK- o lHEHE TR#E X
N7EYMIG ORI ZFHE T SR T & U THBI N, MICE A, SEE THR)SHHET
2D, F—FL VA MAAZCOEETIIBNT, MIEEBICX > TEE XN/ PSK-
A — b o) IR FE T ENS TH DB EEZONS. EEBIZ, FHNERTIIH S
S, HFIPSK- ¢ &/ Z O—FIVHilk 2 SIS EERRICNZ TERT B L, it —F
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SEYA MAZVREEL TH, MmN 0 MK I3 2 EDNEIEINTWS. B,
PSK- o DAMZNBROMRINIELBE - ZIEN D TH B, PSK- adSHEMHIED /2,
HIEICEER S L TW A HI/MEREENE TH S Z LidHEVERLS, B ANV Ty —D Y
O—Z2 %7 >F > ADNAZEA U= HEEHRENEOELNZ 2R T, TOEMAEE
ZHSMICL TN ZENSBROBETH 5.
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HEE

AF—<EEL EEBIT, FHROXKT, HXERICBNTREBEYZEREZBOEL
7z, EEEEMEFREORMERBRICESBHOBRERLET, REOTERIZLD,
MO TRWREOH THZEZITRD ZEMNTEE L.

A xDEEMFAMK (Oc) 2 THREWERE W, REXRZFERFROEHRSLEERLY, 7
DNWZANT 3 bS5 AT o—tE TEEWEEW:, BIIERRKEO/NMEFR—%E, EL%
MmIL¥E () OHIBRFLITER N L ET. 1 R Ockid, PSK- a &AL OBITICH
WTARRROWEYMETH 2 & BT, BEED TS O0—2 2 FOEEIC SO THRR
BHEEATNELE. TUNANT+ bT A7 25 —Fd, PSK- o ODEEHRDEIC
BHERQREIZRZLELE. ZOBREAWVWTER UL TF B3, Mg maEEE T
ERDCENHERSINZHDOZ LIS THESHRIIZE > TVWET.

¥z, HWURBHENE, HEEEZBOELENNE —EENNIC, K BEE ETEXRE
), PB HELE, RERHEBEICECBH O ZLET, NE —RETE, G
RRMNSARDEBEZREX L. B BEEITE, PSK- o ERAEDILESRR ZHENL
THBRIC, AHEERLAR RN SEY2HEEE2 LU THS L&, TEREIBLND X
TOM, MEEMITHOE VLA OERICDODEH>THEEELL. DS EREKE, 484T
SRR ICEE &2 > TLSk 6 £/MICOz > T, R EBITHBHEEITZ D, BLUWHEAE ZX
BIENTEELE. REAHEEICH, 6EMICOEZ> THHEICRDEL.

S HIT, IR ZEIT T 2IH > THEREHBIE 20V, AHBRFERETNEMLFHE
DN =c4, K L, NBERKFEMREROSE 1EEE, FF IEETEHN
UET.

BRI, MROKTICHAL TWeEWEHEREZEDO 4 (GRBTXA ETE), 1
HFRE E4E) BRY, £HBERFEBETHEOIMNESER (HESITH), 5B
BEMAERES S FRHEOHRILGE—SE (RTF R —I T Y —), SHEEEYECFEEIE,
YR, T4V M—TREE I —DERITEEHNZLET.

128, KRFFEE B AR E iR R RIRFF B HE B L VEY RRE E LB A EREN S
Bz ZFTirabhE L. BRERIE#HNZLET.
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