YA b4 Z 2 OERERORFFHELEEERARS ML

REFEH" - FBAFE - BBACT - EH £ - B3 IF?
WHEEXR? - hE # @ 4L - FEHF
CERI145E12 827 A 324

BH) vt 2427 (CKs) 0FRICHWT, MELREOM LoD, KERMEERE = — A F (JHRE
DRRENIEH D HPLC TORKEE MS CORRBARZ b AOKEXRB LI, ODS &£ Ph 24 7D 5 5 20@HH
T, H¥T7FY (D) LETFVYELE (ZR) OFBHELS, BAEF L0oERds— L FI ) ERIEHELL,
negative mode {2\ >T,ZR © m/z 133/134 £ 218D B HE D2 2 — ViX Z L AR T H-ZR TRHF A A v D m/z
355 & WA 1 # ¥ D133/134 £ 223 R b e, positive mode 1235\ T, Z Cid, 20V 5660V CHFA 4+ YD m/z
220 BT D136 B bhic, *H-Z Tit, ZOREA X7 F AOTLERIBIC, FF 1 D m/z225- 8/ D137/
13623R Hbhie, ZR Tk, 60V T CIRSFA 4+ O m/z3520 B 6, m/z136/137L 220D BD <5 — /2 Z &
R TH -7, L L, negative mode & FHRIZ, ZR DHHFVF Y 7  BESLETH -7, H-ZR T, &
FAA YD m/z35TEHAE DO m/z136/137&£ 2250060, ChbiX ZR XU H-Z o -2 D m/z EFFEe < 5t
JEL T e, 288912 positive mode @ intensity D2 negative mode DI ETH DT, Z & ZR OER
124X positive mode 2 &1 5,

F—T—F 4 bnd4=v, €75V, €¥TFVIELF, =RARI b2

B&%S . CKs, cytokinins; MeOH, methanol; HPLC, high performance liquid chromatography; Mw, molecular
weight; MS, mass spectrometer; m/z, H#/®%j; ODS, octadecylsilane; Ph, phenyl; SIM, selected ion monitor-
ing; Z, trans-zeatin; ZR, trans-zeatin-9-riboside

w 5

H4 b a4 =v(CK)it, ANIHYACEDTEV-BRETLAFEELTVWIEWOT, SHiciIEE B
M5 (BHE, 1983 . &R, 1999), chICHlirrEvORHicd, PA27e<t+ 27574 — (GO KER
St (MS) RS L1 GC-MS 2B b BN OB Et: - ERL L LTHBEhT& 4 (8@, 1983 ; Hor-
gan, 1995 Kojima, 1995 2%, 1998 : Kojima &, 1999 : &8, 1999), LA L. GC-MS &k L 2441
TEEVDOT, BEECDOAT » T HLECHD, FE, BEBRCTEETHIIEDH T BERE 7 = <
F735 74— (HPLC) ki E L TEESHE (MS) 8L LC-MS 2, i+ v oERFIA
TTREK T CTE e (K#T S, 1997 . Kojima &, 2002),

HPLC ®» 7 A 3BRBREV B R ERBYOSEN MR TE S (BHEFTEH, 1988), —BILH 7 20K
725 LHCERBEIALT 50 T(BRGILERLSBIRTE, 2000), » 7 2% 2 XKEHET A L THR
B#umEdT s,

HL OREY X SUHDEBL SO rr e v 0 X 5 REBHEOER I, RANEROCHERILATD
%(Akiyama b, 1983 ; &7, 1999), PISREENE & L Tix, MS M ATHECTH TR ERIIEIC & 2 0E
MRS EROKELE ., L L, KERANMERE (7<) OEMCIHENEBOZEIL L ZFRMEZHR
PEULZ (BE-RE, 1991), £Z T, » 5 20HEREEOMEL IR, e =2—n1F CGEER . RRED
DOEGOMOBRIERMOENKES KB EZLOIRS,

MS iz 5 BRI B EES B SIM (selected ion monitoring) EX#AT 5, SIMETCHRETLH

'FEXFEAEE A REIETRE

"R R AERER

FEBRKFRFET

*f#x¥E | kojimaki@agr.niigata-u.ac.jp
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Table 1. Isotope effect on retention time of HPLC columns.

Column N.T* I1LDP* Lenc PS¢ FRe¢ Con' 32H;-Z Z - *Hs;-ZR ZR

mm mm gm  ml/min % retentién (minite)
Ph-3 19 4.6 250Xx1 5 0.5 30 17.0 17.4 17.9 18.1
0ODS-3 44 6.0 2502 5 1.0 25 23.5 24.1 55.1 56.6

aN.T., number of theoretical plates (X 10* N/columns); ®1. D., inner diameter; *Len., column length;
9P.S., particle size; °F.R., flow rate; ‘Con., methanol concentration

B4 AV ORIRDOND, Scan (B —EOHBHHELYREAF + v CHET A HE) I 2ERARs

FDOFINLBETH S, Scan IETIREBE 44 LT 58Bor Y 7 P BERZ EF T & RBHXE b/ X
75727 ESRLTVEZ, BREARZ FALREQELLE (REG, 2000b),

APHRDO B, CKs OB OBE L BREDOHEDDDF Xk 2 -1 FOERD HPLC ToORRESHE
EMS COBEARZ ' VEEORBRTH B,

MEHE L URE
52 ! CKs ® Z (trans-zeatin) 3 X U¥ZR (trans-zeatin-9-riboside) ; = — A FiEE§ D Z & ZR 3FXMEL
SRAL, 5 _XAERDH-Z &H-ZR SREERELE GFRAY) »ORES K,

1. 50 HPLC 75 A TORIHSH

# 5 &k, Inertsil Ph-3D 14 (GL Sciences) isX Uf Inertsil ODS-30 2 KEEH TH -7 (Table 1), ¥
B EHINIS0kg/cm Ll TR B X 5B E L. MeOH BENEAH C20uL /3 L5 L TEEL (ERY
BEAL, RREREZRR LI,

2, BROBRARS PLOtEHE
LC/MS EE KREA #+ v{t (APCI : Atmospheric Pressure Chemical Ionization) #& (&#&. 1997) ©
LC/MS(M-1200H, HiIr)x{#EL, JEE— ¥ oM i3A 1 A v (Negative mode) ¥ 723IE 1 + v (Positive
mode) T, FEEORETXANS (1997) OHELHE -, 52— 2 —DHBIRE-BHOHE (2001 I
fEoT, MBI, BEE TR, 1995) & RELRHELEOF I » TRT, HPLC -BLE (170C CHEEx:
BRI ) BEBEZEU0C T, BESTFRERLC, RS FLREBCEVRIBI e 5) -8 B&E (2,700
VT, 2erKECIIYRABSTFVA 4+ LEN3) -8B —H (140C) »EMA (F— L F_HMAMDOR
EWNFY 7 v BE) o=AF75147 (1,500V) > EEFHR,

BEBZBEEYSU & 14 VL2 R T 5 D ¢ (Murofushi, 1992), B X £ 2 » — 2+ (MeOH, HPLC
Zv—¥F)+20mM BB R EA L, R 1 ml/5ThHotc, F Y 7 FBER, 20V 6B L T, 20V ERT
FEELTIOV FTREL, B5IE QUEEYLYOF — £ DR HAREE) X, 1,000EIBE L, ¥V
7Y v 7D m/z i, 505 5360F TRE L. RBABOHEIYBRD / 1 XEBOTID, v s 779V F
ELF|ICMAER LI,

Negative mode HPLC & MS &% #» 5 4t L CHEBIERK L7c, BRoOL -7 240E5(E5otitsdh
LHEHLDET) Y47V v /LT, average (F#y) =— FBEL -,

Positive mode # 5 & (Inertsil Ph-3 ; 1%, 5um ; # 5 AL, 4.0mm ; £ &, 15cm ; GL Science) #{f
AL, EROE—7 vy 7OEB®Y V7Y v 7 LT, average (F¥) =— FIBREL,

BERELUEER

1. 50 HPLC h 5 4 CTOFRRHSH

h 7 ADSEEMREYFRTHBEE (number of theoretical plates) (34 5 ADE X G+ 5DT, AL A
Sad 2EHETH L HREKI 2Bk @EEsre <t /5 7 4 —HRBHES, 2001), BRBEBD4TFL
Eorsatir, BAEIRVEI—-AF GETRAOKRE) o CKs 0E G358 L1 (Table 1D,
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Negative mode Positive mode
Intensity (X100 Z Intensity (X109 2H5-Z . ity ( Z 2Hs5-Z
15 133 5] 133 ntensity (x106) 157
Mw; Mw; 4f100v (136 1oV
- . 24.29 2
10 219.25 9 2 Mw: Mw:
219.25 224.29
5 2
1 1 119
%0 1y9
0 L. D IR r olm mr."[' o ."m:f' ] 0 . ol i T
- 0.8] 1T e, w Lo Opdn %, o T
101 e 133 136 225
3160V 3i60V
200| 08 223 220
. 0.4 205 2 9 137
o
.2
A1 ° T ! 202 ! 207
ol medoe ] S rnIJ : l . J
30 @ 218 08 @ 223 Ole ¢ u TT w2 hlde Oy o li sa
20 0.6 4
10 nmol= 4 ¢a.10 nomol=
" 0.4 10°MX 10 1 cal0°MX 10 11
134 0.2 2
l 198 134 P
0 s, vt ) ol foms 'Ifl]il ! 1:[36 2010 136 207
6 0 ' a 2t e n 0 n_ Ty e
oy 218 ko 223 - 565
15
220 m/z
. 9|20V
10 10 nmol= 2 nmol=
10°MX 10 ut 10°M X2 p1
2 1
5
0 o o "!‘“r L3 nu“r m’. 0 T v ol ) b 0L .ioo wll = I’égo "
100 200 m/: 100 200 m/z

Fig. 1. Mass spectrums of Z and ?H¢-Z using a Fig. 2. Mass spectrums of Z and ?H¢-Z using a

negative mode on 40-100 V of drift volt- positive mode on 20-100 V of drift voltage:
age: Inject amount, Z (10 nmol=10"3M X Inject amount, Z (10 nmol=10"*M X 10 x1),
10 1), 2He-Z (2 nmol=10"3M X2 xl). 2Hg-Z (ca. 10 nmol=ca. 1073M X 10 ).

ZrZRDOWEEL L, ODSEPh 24 7D» 5 2DMHT, BEAES_LVOEGNBLBH LI,

KFEELEAECHLT, B RIBARTFORBTRE ZdRAMEHOEIREAL VY, Bl
22 EREVOTYBNETHOEIC X HRAMBHRIFL S K& VCULESEN, 1994, —RUICHKES <10
BEGolRRIGHEL s (ABE-RMA, 191), ¥ TEAES LOEROHH, TRAOEERE & ORIG
PELSeh, BLBHTAEELLRS,

Laio#ss (BB 5, 2000a ;2002 ; Kojima, 2001) &é—3% LT, Z & ZR OfR#FER) (RT) i, ODS # 4
TOH T ATCEENR, Ph 247055 8 T3SV T Wi (Tablel), Zhix, HPLC i X 2B ORI
ODS £ Ph# A4 70Dd 7 ADEZEHENYRNTHHZ LERLTV5, 86K, Z & ZR OFH ¥ —FiCH
B+ 58, 1BIBCEPh 24705574 TZ L ZROFHYBEALTHRL, 2EBKEODS 24 70
B ACTRULIZ EZRDBEYREALTZ & ZR 24T 5BV HRHEELOLIL S,
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Negative mode

Intensity (X109 ZR Intensity (x104) 2Hs-ZR
133 3 133
10 Mw; 351.36 Mw; 356.36
2
5 . 223
117 218
T T Oy il R R SO 1 P MY A YT T
20 218 223

30
10 nmol= 4 nmol=
20 10°MX10 g1 10°M X4 u1
0.5
10 198 350 ] 355
0- "f1ae l | 0t N 1) i l
100 200 300 m/z 100 200 300

Fig. 3. Mass spectrums of ZR and *H,-ZR using the negative mode on
60-140 V of drift voltage: Inject amount, ZR (10 nmol=10"*M X 10
1), 2Hg-ZR (4 nmol=10"*M X 4 ul).

2, BMEOHBARY PILOEE
Negative mode

YA VOERCSTARALY )V 7 P BEEXZRD DI, VI 7 PBEXEXTHEASZ by
JUE L7, negativemode Tit, X7 bt VST 14+ v M-H) - 2BHT 50 CEROSTFREX
hd 1 EBHEN CKFicEY) PievELies FHEH, 1995,

Z TI20V (F—288) 5660V C, F 1AV THBm/z218L BB 75 7 2 b4+ D m/z133/
14MR6N, 80VIL/eB & 753724V 4D m/z2000R bhthdi: (Fig.1 E¥4), 100V Tix m/z
218D — 7 N BEAERON L Itot, *He-Z TiX, ZOBEEAR7 ' VOBE{LERRRIC, FF1 AV TH
Am/z 223 BT F /A VA A DO m/z 133/1340HB L, 80V 75 7/ 4 v b4+ v D m/z 2050°
Bohik (Fig.l B¥ES), 20V T, Z Titm/z283¢%H,-Z Tiim/z2230 -2 AR bhic (F—428),
ChELF1 4 v ckBAROOYHROBEEDOERLBbh 3,

ZR T, 60V THF A4 v THH m/z35000 LizRShi: (Fig.3 E¥4). m/z133/134% m/z 218D
HED 12— 12 Z(Fig. ] EXD)EFRBTHo0H, ZROFABWF Y 7 b BESSLETH - K, 2Hs-ZR
T, BFA AV THHmM/z 5L BB 7F7 72 v 44D m/z133/134& m/z 2232 Bbh, “hb
RZR BIVH-Z D — 20D m/z EFERLSHEL TV (Fig.3 H¥5).

Positive mode

positive mode Tix, &R Iht 7= b vHMGFA4A A Vv M+HI* 2 BRET 50 CEGOSTFRIDI1IE
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Positive mode

2H -
Intensity (x106) HsZR
4 225
0V (136 220 3|100V
3 Mw; 351.36 137 Mw; 356.36
2
2
1
1 202 207
Oz » Tl w w o weom o 0 Ou k. T r-u__;-;_ o o an 'l
352 3
41 e0v 460V 357
22
0 225
2 2
136
T 136
0w o wlow ol bo oo wd e el wlle w  wow
40V 352| |40V 357
4 10 nmol= 4 ca.10 nmol=
10°MX 10 u! ca.l0’MX10 1
2 2
220 295
R o R o B I P L N —
100 ™= 2 " 0
35
20V 2 m/z
2
1
Fig.4. Mass spectrums of ZR and
Ole v o w T o 2H¢-ZR  using the positive
100 * 200 300 mode: Inject amount, ZR (10
m/z nmol), 2H¢-ZR (ca. 10 nmol).

BHEASELE D HH, 1995, Z Tk, 20V 660V CTHFA AV TH 5 m/z 220 L K#iTe 75 7 2 v
Ao m/z1360° 8 6h, 60VT753 272V 44 vDm/z2020Rbhic(Fig. 2 £¥4), *H,-Z Tix,
ZOBEAN7 P AVOBLERBIT, BFAFVTHEm/z225L BB 7572+ 4+ Dm/z137/
1366, 60VT75 742V 44 vDm/z2070°Bbht: (Fig.2 H¥S).

ZR TiL, 60V T TROGFAAvTHB m/z3520Rbhnt (Fig.d E¥%). m/z136/137& m/z 220D
Fenig2—vi3Z (Fig.2 E¥9) LRABTH -7, negative mode & FIEEIC, ZROFVE VI 7+ B
EARBETCHoic, *He-ZR CiX, B FA AV THBmM/z3BTL MY 7F AV b4 4D m/z136/137&
m/z2250 R 6, ThBIXZR 3L VPH-Z D — 27D m/z EFEIeSHIGL Tuv e (Fig. 4 HES),
Negative & Positive mode MOLEE

2-AFERDZ & ZR DEARIT negative & positive mode DEHAR & $ [ U10nmol TH B DT, BKRE
2 Z & ZR o intensity TLHEIT X %, negative mode Tix, FV 7 t EEOCEERICHOEMA A EL, Bk
DEE D ILo & H Ly (Fig. 1& 30EES), chbo—HORBRERA U BCHEFEL TT- TV T, &
ABITREEEDVEE(L T 5 LT C & 5, SHBAYIC positive mode TiE, FV 7 + BEOCEERCioFRH T &
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ALV (Fig.2& 4 DEXS), EHIZLBIIZ positive mode @ intensity Dffii negative mode D10£&LL
LETHhHBDT, Z & ZR D43 positive mode H35ET 5,

Tet vRESFAAVY(M-H) 2 ERTBEEELLRD IAA, ABA, GAs 15BIL T, negative mode
Tk, FY 7+ BECEERMHOEH S0, BlclEsr b5 EBEXh T3 (BREDG, 2000b), L
L RYBELIRIZBREMIER STV V0T, HEEAGOREZLICREL TR AS 5,

## & LT, LC-MS T CKs R izi3 positive mode 38T %, SIM OFEDA A+ v icBiL T, Z & ZR
DFFA A+ TH%B m/z220 (225) £352 (357 BB TH 5. () AREERAMLEEROERSO m/z TH 5,
HREBOAAVELTE, ZRCIXZHEED7F 7 AV 44 m/z220 (225) 53&T 5. LiL, ZTi37
F7 AV EAF Y m/z207 202) I EISETUIERLIEV, 32T, BOBEEDONI S ATa—LIFES
~NEMTTET HEHETII/ITERET A HELD S,

*Hs-Z+*H;-ZR %5 HRIE 7SI E RS GFRAE) 5LV LC-MS of#fFE 2 v 7+ v R it HTEV - Ie K

HEBELICEH AL ET, KPRO—BRAAFRERNERRH OB AKFTRROHABIS s X OB
3 (No. 12660021) TfTiicbhiz,
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Retention property and Mass Spectrum of
Labeled Standards of Cytokinins

Kiyohide KOJIMA'*, Sadayuki YAZAWA? Miyako TAKAHASHI,
Nozomi SHIOTAS3, Tadashi BABA?, Fukio IKEDA?, Masaru NAKANO',
Dong-sheng HAN' and Yoshiji NIIMI®
(Received December 27, 2002)

Summary

Properties of retention by HPLC and mass spectrums by mass spectrometer (MS) of stable isotope
labeled and cold (non-labeled, natural type) standards were analyzed in cytokinins (CKs) quantification to
improve accuracy and sensitivity. Both in zeatin (Z) and zeatin-9-riboside (ZR), deuterium labeled standards
eluted earlier than cold standards in both columns of ODS and Ph types. In a negative mode, in ZR, the change
patterns of m/z 133/134 and 218 were similar in Z, in ?H,-ZR, molecular ion, m/z 355 and fragment ions, 133/
134 and 223 were observed. In a positive mode, in Z, molecular ion, m/z 220 and fragment ion, 136 were
observed from 20 to 60V. In *H,-Z, molecular ion, m/z 225 and fragment ion, 137/136 were observed as the
change of mass spectrum of Z. In ZR, molecular ion, m/z 352 were observed till 60V, the change patterns of
m/z 136/137 and 220 were similar in Z. However, ZR required higher drift voltage in the same as in negative
mode. In ?H,-ZR, molecular ion, m/z 357 and fragment ions, 136/137 and 225 were observed, showing the
consistent correspondence of peak m/z in ZR and ?H,-Z. The positive mode is suitable for the quantification
of Z and ZR, because the intensity values of the positive mode were generally more than ten times than those
of the negative mode.

Key words: cytokinins, zeatin, zeatin-9-riboside, mass spectrum
Abbreviations: CKs, cytokinins; MeOH, methanol; HPLC, high performance liquid chromatography; Mw,

molecular weight; MS, mass spectrometer; m/z, mass-to-charge ratio; ODS, octadecylsilane; Ph, phenyl; SIM,
selected ion monitoring; Z, trans-zeatin; ZR, trans-zeatin-9-riboside
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