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FLUORESCENT DERlVATlZlNG REAGENT 

S. SONOKII, Y. SONOI, S. HISAMATSU1, 
AND T. SUGIYAMAz 

1 College of Environmental Health 
Azabu University 

Sagamihara, Kanagawa 229, Japan 
2Department of Agricultural Chemistry 

Meiji University 
Kawasakz, Kanagawa 214, Japan 

-~ ABSTRACT 

,\ method for quantit,ative detrrrninat,ioIi of c:yt,okinins containing ribose such 
as N"-isol)eritcnyladeiiosine ( i6Ado) and zratin riboside (z1t)  has been developed. 
This 1)ascd on the preparation of fluorcscmt anthra,niloyl derivatives of cvtokinins 
bv thci reaction ofisatoic an hydridc: with hydroxyl groups of the ribose, and thrn the 
rrsolution of fluorescent tlcrivativrs by high-performance liquid chromatography with 
a spec.trroflnoro nionitor. The flnorescent anthraniloyl derivatives were separated 
more sharply and syInmetric:iiJlv from each ot1it.r compared with the separation of 
the non-derimtiaed ?!Ado and YR. The detection liInit,s for anthraniloyl-i6.4do and 
anthraniloyl-zR wcre 1.1 and 1.2 pniol per 10 p1 iri,jection, respectively, and these 
valnes indicate that  the flnoririiet,ric analyses were approximately 70- to 150-t)irnes 
Inore sensitive than the UV-monitoring rricthod. The siuiplicity, speed, sensitivity 
and selectivity make this nicrthod a.n att,ractivr alt,ernative to rstahlished rytokinin 
assay systems. 

INTRODUCTIOB 

Cytokinins are a group of plant hormones which promote cell division 
and tlifferentiat,ion (1, 2 ) .  To define their regnlatory role more precisely, it is 
necessary to identify aid quantify cytokinins in plant tissues during develop- 
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344 SONOKI ET AL. 

ment. From earlier works on analysing cytokinins. their occurrence and levels 
have been meamred by bioasiiys. The most widely used is the tobacco callus 
itssay which rrieasilres the ability to promote cell division. These bioassay pro- 
cedurts, however, have some disadvantages with respect to the time required 
for the assay. specificity and quantitxtion rangp. On the ot.her hand, iristni- 
mental analyses such as gas chromatography and gas chromatography-mass 
sprc t,ronictry have been used t.0 ident.ify molecular species of cytokinim pre- 
cisely and spccifically ( 3  12). These procedures using analytical instruments, 
however. have also some disadvantages regarding the sensitivity and t,he re- 
quireinrnt of cxpensive apparetuses. Staiger and Miller (13) have reported the 
rcaction of isatoic anhydridr (1-1) wit,h the nucleophilic rca,gents such as pri- 
mary and secondary alcohols, phenols. t.hiophcnols and mercaptanest yielding 
anthraniloyl dcrivativcs. Hiratstlka (11. 15)  also has reported the syhthesis 
of fluorescent dcrivat,ivrs of adeninr and guanine nideot8ities hy reaction with 
1.4. These reports snggest,ed t,o 11s that, it should be possible to prepare the 
fluoresccnt anthrauiloyl derivatives of cytokinins containing available hydroxyl 
groups of the ribose such as N6-isopenteriyladenosine ( i6Ado) and zeatin ribo- 
side (zR).  \Ye report here thc synt,hcsis of fluorcscent anthraniloyl derivatives 
of cytokinins cont.aining the ribose and the resolution of fluorescent dcrivativcs 
of cvtokiZLim precisely m d  scnsitivcly by high-performance liquid chromatog- 
raphy (HPLC). 

MATERIALS AND METHODS 

Apparatus 

1 J a p m  Spectroscopic ( J  ASCO) Model 800-MP-15 high-performance 
liqtud chromatograph with J, JASCO FP-210 spectrofluoro monitor was used. 
Chromatograms were recorded on <i .IASCO Model 805-GI graphic integrator, 
n-hile fluorescence spectra werr obtdinetl on d JASCO FP-770 spectrofluo- 
rorueter. Reversed phase o( tddecyk&rie-bonded silica gel column, Finepak 
Sil C18T-5 (250 mm x 1.G mm: JISCO) was iised for the separation of an- 
thraniloyl derivatives 

~- Chemicals ~ 

N'-isoprntenyladenosine ( i6Ado) and zeatin riboside (zR) were obtained 
from Sigma (St,.Louis, MO, C.S.A.). Isatoic anhydride was purchased from 
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ANALYSIS OF CYTOKININS 345 

Moleciilar Probes Inc. (diinc.tion city-, OR. V.S.A.). All other chemicids 
iwd were of amlytical grade from corrrniwciitl S O I ~ ~ S .  Stwtlud sohitions 
were freshly prepared by dissolving t,hr carcfiilly weighed i6Mo or At  in i0'% 

methanol to a concentration of 1 mg/ml. Thesr standard sohitions wore diluted 
to the target concent rations in 70% mcthaaiol a id  stored at, 4°C. 

___ Chromatographic Conditions 

Separations w m  performed wit,h the limax gradient elution from 1011ihl 
K2HPO.t. pH 8.2-acetonit.rile (8020, v/v) to 10r1P~l K,HPO,, pH 8.2-;1(~to- 
nitrile (40/60, V/V)  in 30 niin at  a flow-rat,c of 1.0 rnl/min at  40°C. Tho coliimn 
effluent was monitored fhiorornet,rically at a1 excitation wavclength of 268 nrn 
asld at an emission wavelength of 425 u ~ n .  

Preparation of Anthradoyl Derivatives __.__._. ___ __ ~ 

A U.1M IA solution was prepitred by dissolving a cornmercial IA in 
dirnethylsulfoxide. Unltss spccified otherwise, the following procedure was 
nsed. The proper volume of biological samplr or diluted standard sohit,ions in 
it reaction tube was dried iintler a dryer, then to thr tlried sample, 20 yl of 
0.lM TX and 0.98 Illl o€ 10mh.1 Ii2HPO~. p€I 8.2-i~crt~onitrile (80/20, v/v) were 
added. The reaction hibc wils stoppcrrd and left, for 20 hr at 28°C. A 5 10 111 
aliquot was injected into t,he €IPI,C system. 

Fluorescence Spectra ~ of Anthraniloyl ~- ~ Derivatives ~~~ 

After the derivat.ization of tlried standards cont;tining 50 pg cadi of thp 
i%do and zR. 100 p1 aliqiiot was injected into the HPLC syst,cm. Then, the 
column effluent corresponding lo aIit,hraniloyl-i6Ado, anthrmiloyLzR and 
the fluorescent side prodiict was collected and ;tnalyc,ed, respectively. The fliio- 

rrscence spectra are given in Figure 1. As c:m tw seen, ituthraniloyl-i6Ado ant1 
anthraniloyl-xR exhibited similar flnon:sc(:ncc excitation and emission spectra 
patterns. however the side product had a different fiuorescence (axcitation spec- 
tra patiern. The synthesis of AuLhrimiloyl-i"Ado WAS proposed as in Schcmc: 
I. To eliminate thc disbirbance bv the fluorescent, side product in HI'LC imid- 
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FIGURE 1 Fliioresrenre spcrtra of anthraniloyl-i6.4do(--). anthraniloyl-aR (- 
- -) and the sidc product ( -  - - . -). Emission was measiircd at an excitation 
wavelenath of 268nm. while excitation was measured at an eniissioii wave- 

ysis. the fluorescence intensity was measured using excitation at 268 nm and 
omission at 425 rim for simultaneoiis analysis of the anthraniloyl derivatives of 
ib-Ado arid zR.  

Separation of Anthraniloyl Derivatives by HPLC _~_______~______~ ~ 

The sepilratiorr of the mt,hraniloyl dcrivatives of i6Ado and zH. is shown 
in Figwe 2X.  while Figure '2B shows the separation of non-derivatized i6Ado 
and zR as monitored by UV dxorbancc at, 253 nm. The imttiraniloyl deriva- 
tives wcr(\ separated more sharply and symmetrically from each other com- 
pared with t,he separation of the non-dcrivatimd i6Ado and zR. 

Assay Linearity arid Detection Limit 
____~. --. - - 

The fliioresctwce intensities were linear over a range of det,wtion limits 
up to I20 pmol per lO-pl injticlion. 'J'hc tltltwtiou limits for anthraniloyl-i'Ado 
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(Anthraniloyl - i*Ado) 

Scheme I Synthesis of proposed anthraniloyl derivative of N'-isopenteuyladenosine 

and anthraniloyl-zR were 1.1 and 1.2 pmol per 10-p1 injection respectively, at  
a signal-to-noise ratio of about five. Conversely, the detection limits for non- 
derivatized i%do and ZR were 150 and 71 pmol per 10-pl injection respectively. 
This is taken to indicate that the fluonmetric aualyses were approximately 70- 
to 1 SO-times more sensitive thim the UV-monitoring method. 

Assay Precision 

Relative standard deviation obtained in each of G measurements for 11.4 
pmol / 10 pl of anthraniloyl-i%lo and 12.0 pmol / 10 pl  of ;ulthr<miloyl-zR 
was 1.23% and 4.82%, respectively, and 1.81% and 3.08% for 114 pmol / 10 p1 
of anthraniloy1-i6.4do and 120 pmo1 / 10 pl o€ anthraniloyl-zR, respectively. 

Effect of DH on the Derivatization 

To examine the c&ct of the pH in the reaction mixture on the reaction 
yield, standard samplcs containing 2 pg of iGAdo and ZR were derivatized us- 
ing 0.291 Na2HP04/NaH2P04(pH 6 - 8 )  or 0.2M Na2C03/NaHC03(pH 9-10) 
for pH adjustments. As shown in Figure 3, pH 9 iu the reaction mixture was 
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FIGURE 2 Chromatogranis of anthrariiloyl dvrivatives of i'Ado and an.( 40ng of 
('iLc.11 per 10 111 injection) ( A )  and of non-derivatizrd i'Ado and zR.(2yg of each 
p e r  10 111 iiijrction) monitored by CV ahsorhancc at, 254x1111 (1%). Peaks: ( A )  
1 = ;uithraniloyI-zIt: 2 = ;~ilthra*,ilo~l-i'.~tfo; ( U )  I = xR: 2 r= ihAfdo. 

f o r d  to be most effrctivr 011 tht, drriviltiz&.m. however the f~i~orescencc in- 
tensities decreased miirkdly above pII 9. Tris( hydroxymethy1)iminomethme 
or sodiiun borat~r ils ii constitnmt of the buffer inhibit,cd the derivatixation. 

Effect of Reaction Temperature and Reaction Time on 
The Derivatization Yield 

Thr denvatbation with LA was carried out using the procediire de- 
scribed in the MATERIALS AND METHODS, except, t.hat the reahon txm- 
prratnre was  varied from room temperaturt' to 100°C. A mild reaction at 28°C 
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FIGURE 3 EtFect of the pH in the reaction mixture on isatoic anhydride dcriva- 
tization of i6*4do and LR. 0 ,  anthraniloyl-i6,-ldo; 0, anthraniloyl-zR. Each 
point represents the nieaii of t,riylicate de terrniiiations of the fluorrscence in- 
tensity of each peak of the anthraniloyl derivativc separated on the Asahipak 
GS-3208 column. 

was found to be the most effective. The effect of the reaction time at 28°C was 
examined over a period of 48 hr. The rcsults shown in Figiirc1 indicate that 
the fluorescence intensities of anthraniloyl derivatives increased with reaction 
time. then reached the plateail in 7 hr. 

Effect of IA Concentration on Quantitative ~ _ _ _ _ _  Analysis ___ __-._ 

The molar ratio of IA to total amount of i6Ado and ZR was vaxied from 
1 to 350. The total amotmt of i6.4do aud zR present was always 11.7 nmol. .A 
minimum molx ratio of 175 of IA to i6Ado and zR was required for quantitative 
analysis. 
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.. 
0 1 2  3 4 5 6 7 ' - 4 8  

Reaction Time at 28 'C (hour) 

FIGURE 4 Effect of rraction tiriiv at 28°C O I L  isatoic mhydritlc drrivatization of 
ih.+do and zR. Dt%ails as in  Figurc 3. 

Stability of Anthraniloyl .- ... . Derivatives . 

The sta1dit.y of thc ant.hrxriiloy1 tkIrivat,ivc>s in the reaction ~ r ~ i s t u r r  was 
cxmined. Each tlmivativo was stahlr without any drcorriposit,ion wit,hin 2 
tiil!-s. . ~r i t ,hrau i lo~ l - i~~~(~o  iimlcrwc*nt tip to 1395 decomposition within 2 wrcks. 
During this timc. the fliiorosceri(.e intensity of anthrariloyl-xlt dccrtiasetl by 
?OIL. 

Application to the Biological Materials _ _ _ _ _ ~ ~  ~~ 

The root exudate of sweet pot,;tt,o ohtailled from iL cut, cod of root was 
offered bo analyse ibAdo i m l  zR. 'Tho conc:entrations of PAdo and x K  dctrctcd 
in thr root exudate were 1.05 x 10 - a  rnol/l md 0.95 x moI/I, rcspt'ctively. 

~______ DISCUSSION 

To rr&zc t,hti phenomcna of growth. development and differentiation in 
plant. the mivromalysis of l>iiUlt, hoiuiones with high sensitivity aud selectivity 
is reqi l i rd  CytokiniIis arc a group of plant hornioncs which promot,c cell divi- 
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sion and exert other growth regulatory functions. Although several bioassays 
based on in vitro growt,h of plant tissue have been used for the detection and 
at,tempt at, quantitative estimation of cytokinins in biological materials, those 
bioassay procedures have some defect,s from the viewpoint of specificity, rapid- 
ity and quantitation range. Instrumental analyses such as gas chromatography, 
gas chromatography-mass spectrometry and HPLC by monitoring the ultravi- 
olet absorbance have also some disadvantages with respect to the sensitivity 
and the requirement of expensive appnratils. 

In the present study, we attempted t,o develop the procedure with which 
cytokiuins are detected precisely, sensitively. specifically and rapidly. The es- 
sential feat,ilres of this procedure me summarized below. llJ The ribosyl cy- 
tokinins such as i6Ado anti zR were transformed to the fluorescent anthraniloyl 
compounds by the action of IA as the fluorimetric labelling reagent. These 
derivatives were readily prepared under the mild conditions. [a] The fluores- 
cent derivatives of i6.4do and aR were distinctly separated from each other by 
HPLC and were distingiiished from non-ribosyl cytokinins such as isopent,eny- 
ladenine and zeatin which seemed to be freed from the IA derivatization. The 
detection limit of anthraniloyl-zR, 1.2 pmol per 10-pI in,jection, was almost 
same as that of anthraniloyl-?Ado. 1.1 pmol per 10-pl injection, which means 
that. the molar rat,io of IA attached to xR is equal to that to i‘Ado. This fact 
seems to show that. the hydroxyl group in isopent,enyl chain of ZR is not deriva- 
tizcd with IA. In fact, the hydroxyl group iu isopent,enyl chain of zeatin failed 
to react with IA by the derivatization method used in this study. Staiger and 
Miller (13) has reported tha,t t.hc primary and secondary alcohols react with 
1.4, however, the alcotiolic hydroxyl groiip in isopentenyl chain of zR seems to 
fail to react with IA in this study. This discrepancy may he due to differences 
in the reaction conditions such as wmperature, pH and IA concentration. 

The incubation of the anthrmiloyl derivative in 0.1M NaOH for 90 min 
at 25°C resulted in the complete disappearance of the original material, and the 
appearance of anthranilic acid together with the parent cytokinin, suggesting 
that the hydroxyl groups in ribosyl moiet,y were derivatizcd. Hiratsiika (14) has 
reported that the Z’-hydroxyl groups of AMP and GMP were more open t,o the 
reaction with IA than the 3’-hydroxyl groups. Crcmo et al. (16) have recently 
reported that the (Di-Iriet,~iylanthraniloyl) adenine 5’-diphosphate consists of 
a mixture of the 2‘-isomer (35%) and the 3‘-isomer (65%). The synthesis 
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SONOKI ET AL. 352 

of Ant,hrimiloyl-i6Ado is proposed as in Scheme I, however, the configuration 

of resiiltant isomers of anthitniloyl-i6Ado aud a n t h r d o y l - z R  could not  be 
specified in  this study. 

This s tudy was primarily undertaken to dcvelop an analytical method 
for measuring ribosyl cytokinins such as i6.4do and zR in biological materials. 

The significance of stnict,ure-finction relationships bctween the c i ~  and the 
tmns forms of zR has been discussed. therefore the precise quantitative analysis 

of each geometrical isomers, which remains to bo settled, arc required in the 
next st, tidy. 
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