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Abs_tl'act. Radioimmunoassays (RIA), employing antisera raised in rabbits
against bovine serum albumin conjugates of zeatin riboside, dihydrozeatin
liboside, and isopentenyladenosine, were used to estimate levels of these
Ytokinins and their corresponding bases in samples of effective (nitrogen-
ﬁx'mg, Fix*), ineffective (nonnitrogen-fixing, Fix~) pea root nodules and
Uninoculated roots. Assays were done on extracts of nodule tissue, 1-2 g
'®sh weight, or approximately 10 g fresh weight of root tissue, and high
SPecific activity [*H]zeatin riboside was added during preparation of the
EXtract for use as a recovery marker. Two different purification procedures
Were employed, each involving several purification steps. High perfor-
Mance liquid chromatography (HPLC) was the final step in both proce-
“r?S- Fractions from HPLC were analyzed by RIA using the appropriate
antiserum. The cytokinins, zeatin, zeatin riboside, dihydrozeatin riboside,
Sopentenyl adenine, and isopentenyladenosine were detected and quanti-
'ed in nodule tissue, and similarly, in root tissue (with the exception of
Zeatin, which we were unable to quantify in root tissue). Cytokinin levels
n Nodule tissue were higher than those in root tissue. The major cyto-
nins detected in nodule tissue were zeatin, followed by zeatin riboside
anq then dihydrozeatin riboside. The levels of zeatin and zeatin riboside
Cstimated in nodules in the present study by RIA were of the same order of
Magnitude, though tending to be a little higher, than values obtained pre-
Viously by bioassay. Dihydrozeatin riboside was identified with confidence
Or the first time in nodule tissue. There was a general decline with age in
E¥tokinin levels in nodules, but no major qualitative change in nodule cy-
tokinins with age. For the Rhizobium strains examined, the data did not
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indicate a clear correlation between nodule cytokinin levels and the effe¢”
tiveness of nodules in nitrogen fixation.

For some years, our research group has been interested in the role played by
phytohormones (in particular, auxins and cytokinins) in the initiation, develoP’
ment, and maintenance of root nodules (Badenoch-Jones et al. 1982a,b, 1983,
1984a—c). We have a number of mutant strains of Rhizobium leguminosart™
and R. trifolii that are potentially useful for elucidating certain aspects Of.thﬁ
legume—Rhizobium symbiosis. We have already investigated the metabolis®
of cytokinins in pea root nodules inoculated with strains of R. leguminosar urt
that form either effective or ineffective root nodules (Badenoch-Jones et &
1984a,c). No major differences in cytokinin metabolism between the F“{G
nodule types were detected, but this did not preclude differences in cytokin!®
contents. Hence the present study was made to examine cytokinin levels i
these two nodule types.

A role for cytokinins in nodule initiation and growth has been implicawd'
since root nodules are plant regions where accelerated cell division occurs %
the major physiological effect of cytokinins is to induce cell division (se®
Letham 1978). However, progress toward substantiating this has been limited’
largely because of analytical difficulties in measuring the low levels of cy!¢’
kinins in plant tissues, including root nodules. Previous investigations of ¢y
Kinin levels in root nodules have employed bioassays (Puppo et al. 1974
Henson and Wheeler 1976, 1977, Syono and Torrey 1976, Syono et al. 1976
Rodriguez-Barrueco et al. 1979, Jaiswal et al. 1981, Wang et al. 1982) or gos
chromatography-mass spectrometry (GC-MS) (Wang et al. 1982). Howevel
bioassays are very time-consuming and lack precision (see Letham 197 d5'
Analysis by GC-MS, using deuterium-labeled cytokinins as internal standar”
(see Brenner 1981), allows unequivocal identification and accurate quantiﬁc,a
tion of cytokinins, but it requires extensive sample purification before analys’®
and it lacks the sensitivity required to deal with small samples of tissue. V\_/aﬂ)
et al, (1982) were not successful in detecting cytokinins in a 0.67-g (dry weiB It
sample of nodules or a 2-g sample of roots of Pisum sativum by GC-MS.
would appear necessary to use much larger amounts of tissue (in the ordel Oﬂ
25 g fresh weight) in order to detect cytokinins by this method, but collect“)’
of nodules from legumes such as P. sativum and Trifolium repens is 6Xcese
sively time-consuming. Yet it is nodules from these smaller legumes that aK
frequently of special interest because of the availability of mutant strains of “;
leguminosarum and R. trifolii. The present study was therefore carried 011_‘ .
assess the usefulness of an alternative method, RIA, for measuring cytOklnl
levels in root nodules. ¢

Results of studies employing bioassay have suggested the possible preSenc
of the following cytokinins in root nodules: Né-(A%-isopentenyl)adenine(iP) al;
[9-B-D-ribofuranosyl-Né-(A2-isopentenyl)adenine([9R1]iP) (Puppo et al. 197}’:
Syono and Torrey 1976, Jaiswal et al. 1981) and zeatin(6-[4-hydr0xy-3—m3‘ ]
ylbut-trans-2-enylaminojpurine)(Z) and zeatin riboside (9-B—D-ribofuran05y
zeatin)([9R]Z) (Henson and Wheeler 1976, 1977, Syono and Torrey 19 ,;
Jaiswal et al. 1981). In the present study, emphasis was therefore placed,
examining root nodules for these cytokinins. In many of the bioassay studie”
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it Was possible that dihydrozeatin(6-[4-hydroxy-3-meth){lbutylaminp]purme)
((d‘H)Z)] and dihydrozeatin riboside ((diH)[9R]Z), respectively, contributed to
Cvity in the fractions designated as Z or [9R]Z. We were therefore also inter-
-Sted in investigating the possibility of the presence of (diH)Z and (diH){9R]Z
L root nodules. It was possible to analyze all the above-mentioned cytol;nnms
Y Using RIAs that employed, separately, the three following antisera:
antl-[9R]Z-serum, anti-(diH)[9R]Z-serum, and anti-[9R]iP-serum.
¢ have also examined the cytokinin levels in root tissue, as it has .been
8ested that nodules contain higher levels of cytokinin than root tissue
UPpo et a. 1974, Henson and Wheeler 1976, 1977), although there is some
“Otroversy over this point (Wang et al. 1982).
>cfore applying RIA to the current problem, we made a.study to assess the
Yalidity of the method for measuring cytokinins in biological samples. From
At study, which employed an anti-[9R]Z-serum (Badenpch-Jones et al.
198 ), we concluded that RIA, although not without limitatlgns, appear_ed to
2 sensitive and powerful technique when used in conjunctlgn with suitable
chromatographic procedures for the separation of cross-reactive compqunds.
© present study, two different methods were used for the separation of
thok[m'ns present in root nodules, prior to RIA. One of the methods was a
?‘Odlﬁcation of that developed in our previous study (Badenoch-Jones et al.
84 ). It was used for examining Z and [9R]Z only, and employed an HPLC
2P with a Zorbax C8 column. During the current work, we developed another
N od which enabled the examination of all the fol!owing cytokmms in RIAs
SROYing the appropriate antiserum: Z, [9RIZ, (diH)Z, (diH)9RIZ, iP, and
Wi IP. With this method it was possible to purify a sample as a single entity,
§ lth.the €xception of the final separative step. The present study_ is one of few
Wdies (MacDonald et al. 1981, Weiler and Spanier 1981, Morris et al. 1982,
"YOshi et al. 1983) that have applied RIA to the analysis of a practical
Sroblem of plant physiology, and the only study that has examined by RIA
“oh a wige range of cytokinins in a tissue.

SUg

Materials and Methods

Mate’ ials

CytOkim'n stand i : Z and [9R]Z were purchased
ards were obtained as follows: Z and [3 .
ifzo Calbiochem-Behring Corp. and (diH)Z, iP, and [9R]iP from Sigma Chem-
. Al Cy, (diH)[9R]Z was prepared by hydrogenation of [SR]Z in methanol solu-
[30n Using platinum oxide at room temperature and under 1 atm of h}/ldrogen.
5 SRIZ of the highest specific activity available (140.6 GBq mmol ') was a
NiflerouS gift from C. H. Hocart. Silica gel 60 PF,5, was purchased from E.
laerck, Darmstadt, FRG. The following dyes were used as markers fqr thin-
Tyer Chromatography (TLC): Nile blue (George T. Gurr, l?msmn of Baird aqd
(gtloc[(’ Romford, England), p-rosaniline (Sigma Chemical Co.), and eosin
Dy Chemicals Ltd., Poole, England).
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Bacterial Strains and Plant Culture

The R. leguminosarum strains used were an effective strain, ANU897 (Nod+
Fix*) (Johnston and Beringer 1976), and an ineffective strain (as indicated bY
the stunted growth, yellow leaves, and lack of acetylene production in plimts
inoculated with this strain), ANU203 (Nod* Fix~). Strain ANU203 was c0%
structed (Badenoch-Jones et al. 1983) by transferring the transmissible pe?
nodulation plasmid (pJBSJI) into strain 202. Strain 202 is a derivative of t_he
naturally occuring R. trifolii coryn strain (Chen and Thornton 1940), for whic
the symbiosis does not continue long enough to achieve much nitrogen fixatio?
(Vincent 1980). This mutant is classed as a nodule persistence (Nop) mutant
under the scheme of Vincent (1980). .

Strain ANU203 seemed a likely candidate for producing nodules that exhibit
an alteration in phytohormone levels or metabolism. Details of the method ‘?r
growing pea plants (P. sativum L. cv Greenfeast) in 250-ml flasks using asepll
techniques have been reported previously (Djordjevic et al. 1982). Quadrup”,
cate samples of approximately 1-2 g fresh weight were collected for each ¢
the following five nodule treatments: nodules harvested at 15 and 30 days aftel
inoculation of plants with strain ANUS897, and at 15, 21, and 36 days aﬂ‘?r
inoculation with strain ANU203. There is a 6-day delay in nodulation by str3!?
ANU203 compared with strain ANU897. Roots (triplicate samples of appf‘?x"
mately 10 g fresh weight) were collected from uninoculated plants at a time
corresponding to the nodule collection made 15 days after inoculatio®
Nodules and roots were stored in a liquid nitrogen freezer (— 198°C) priof 10
extraction.

Tissue Extraction and Purification

Frozen nodules and roots were weighed and dropped into methanol-wate”
formic acid (70:25:5, v/v/v) at —20°C (10 ml g~! fresh weight tissue), pefor®
thawing. PH][9R]Z (336 Bq) was added as a recovery marker. After 24 h?
—20°C, the sample was homogenized in a small blender. After a further 24 b a‘
—20°C, the homogenate was filtered, resuspended in an equal volume of 50.’
vent, and refiltered. The combined filtrates were adjusted to pH 8.2 and P?ﬂl
tioned twice with an equal volume of water-saturated n-butanol. The combin® )
butanol extracts were chromatographed by HPLC, using a Bondapak C,g/P"rr
asil B column (7.8 x 610 mm; Waters Associates, Milford, MA, USA), Un‘_’e

the conditions described by Badenoch-Jones et al. (1984d). Two alternati¥
procedures, A and B (Fig. 1), were used for further purification of the colu®

eluate.

Procedure A. Following HPLC on the Bondapak C,¢/Porasil B column, Ogg
nodule sample from each treatment was chromatographed on a Zorbax )
column (9.4 x 250 mm; DuPont Company, Wilmington, DE, USA) priof ! a
analysis of Z and [9R]Z. The solvents and flow rate for the Zorbax C8 colu™
were as described by Badenoch-Jones et al. (1984d). The Zorbax C8 colu 7
enables separation of several cytokinins that cross-react with anti-[9R] s
serum—namely, zeatin-9-glucoside ([9G]Z); lupinic acid (L-B-[6-(4-hydroxy”
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methylbut-rrans-2-enylamino)-purin-9-yl]-alanine) ([9A1a]Z); [9R]Z; (diH)-
[9R]Z; Z; and (diH)Z (Badenoch-Jones et al. 1984d). Following the injec
tion of each nodule sample onto the Zorbax C8 column, 13~18 HPLC fractions
were collected. The aim was to collect putative Z and [9R]Z as discrete frac”
tions at the elution times of the authentic standards. Fractions were assayed bY
RIA employing the anti-[9R]Z-serum.

Procedure B. Three nodule samples from each treatment and three root
samples were purified by procedure B prior to analysis for the following cyto
kinins: Z, [9R]Z, (diH)Z, (diH)[9R]Z, iP, and [9R]iP. Following HPLC on th¢
Bondapak C,;/Porasil B column, extracts were chromatographed by TL
using 0.5-mm thick layers of silica gel 60 PF,s, and butan-1-0l/14N ammon‘a/
water (6:1:2, v/v/v, upper phase) as solvent. After TLC, cytokinins were lo-
cated with reference to authentic standards, which were parallel- chromato
graphed and visualized under UV light (254 nm), and to the following dy¢’
which were added to the sample prior to chromatography: Nile blue, p-rosaf“
line, and eosin. The Rf values for standards and dyes were as follows: Z al
(diH)Z (0.53), [9R]Z and (diH)[9R]Z (0.33), iP (0.62), [9R]iP (0.40), Nile blu¢
(0.67), p-rosaniline (0.48), and eosin (0.26). Chromatogram zones were paCke
into columns and eluted exhaustively with ethanol/water/acetic acid (25: 24:1,
v/viv). All samples were further purified by HPLC prior to RIA, with the €X
ception of iP and [9R]iP samples derived from one nodule sample of €a¢
treatment,

The following columns were used for HPLC: a Techsil 10 C8 column (8. 0 ¥
250 mm; HPLC Technology Ltd., Cheshire, UK) for the purification of iP and
[9R]iP, a Zorbax C8 column for the separation of Z and (diH)Z, and an RC cM
100 C8 column (8 X 100 mm; Waters Associates, Milford, MA, USA) for th
separation of [9R]Z and (diH)[9R]Z. The solvent used was methanol! in 0. 2
acetic acid, at a flow rate of 4.0 ml min~!. The proportion of methanol (V/V)
was 20% for the separation of [JR]Z and (diH)[9R]Z, 30% for chromatograp!l/
of iP, 35% for chromatography of [9R]iP, and 60% for separation of Z 20
(diH)Z. Following injection of the putative iP or [9R]iP samples onto the
Techsil column, five HPLC fractions were collected. Following injection of t
putative Z/(diH)Z mixture onto the Zorbax C8 column and the putative [9R]
(diH)[9R]Z mixture onto the RCM 100 C8 column, eight HPLC fractions werv
collected. The aim was to collect the putative cytokinins as discrete fractions
at the elution times of the correspondmg authentic standards: iP and [912]1
each in fraction 3, Z in fraction 3, (diH)Z in fraction 6, [9R]Z in fraction 4, 0
(diH)[9R]Z in fraction 7. All fractions off the Techsil column were assayed
RIA employing the anti-[9R]iP serum. Fractions 1-5 of the Z/(diH)Z sepa™®
tion and fractions 1-6 of the [9R]Z/(diH)[9R]Z separation were assayed
RIA employing the anti-[9R]Z serum. Fractions 48 of the Z/(diH)Z separatlo
and fractions 5-8 of the [9R]Z/(diH){9R]Z separation were assayed by R
employing the anti-(diH)[9R]Z-serum.

Radioimmunocassay

The antisera have been characterized previously: amti-[9R]Z-serum
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(BadenOCh-Jones et al. 1984d), and anti-[9R]iP-serum and anti-(diH)[9R]Z-
Serum (Badenoch-Jones et al. J Plant Growth Regul, in press). The RIA was
ased on that developed by Weiler (1980), with minor modifications (Ba-
€noch-Jones et al. 1984d). Eluates from TLC zones or fractions from HPLC
ere evaporated to dryness and dissolved in a known volume (normally 325 or
0 ) of the buffer used in RIA (0.01 M sodium phosphate, 0.‘15 M sodium
chloride, pH 7.4). Triplicate 50-pl aliquots of all zones or fractions were as-
Sgy‘ed. Further aliquots (10 and 5 pl) of the fractions expected to contain cyto-
'NIns were also assayed, each in triplicate. An aliquot (5%) of each fraction
(Pf. the [9R]Z series) was taken in duplicate for the measurement of radioac-
Uvity jn order to estimate recoveries. A computer program bas.ed on that of
fooker et al. (1979) was used for assay evaluation and computation of results.
€ [9R]Z content per unit fresh weight of nodule tissue was estimated from

© activity in RIA of the fraction containing radioactivity (*HI[9R]Z) or, if
Te was a spillover of [*H][9R]Z into a second fraction, from the fraction
COntaining the most radioactivity. The appropriate correction was made for the
"SCovery of [PH][9R]Z. Levels of other cytokinins were calculated from the
aCtivity (in the appropriate RIA) of fraction(s) collected at the retention times
. Authentic standards and on the assumption that recovery for these cyto-
NS was the same as the total recovery of FH][9R]Z for that sample. For Z
0d iP, the previously determined values for the molar cross-reactivity of these
Zi&okinins with the appropriate antibody—42% (Badenoch-Jones et al. 1984d)

t 119-4% (Badenoch-Jones et al. J Plant Growth Regul, in press), respec-
ve

Y—were used. A correction factor of 2.02 was used to (.:alculate the con-
Eentr.ation of the naturally occurring isomer of (diH)[9R]Z when
t)((111'1)[91{]2 was used as the standard.

Resuigs

Puyify,. .
“ification Procedure A

In Most samples, the fractions at the elution times of authentic [9R]Z gnd Z
®Xhibiteq high activity. Activity in the [9R]Z and Z fractions was lowest in the
2odules formeq by strain ANU203 and harvested 36 days after inoculation. For
O of the five nodule treatments examined, the results of RIA on all of the
t-ra.CtiOHS collected off the Zorbax C8 column are shown in Fig. 2. When ac-
th 1ty was detected in fractions that were assayed at more than one dilution,
® Sample dilution curves were parallel to the standard curve (for an example,
*ee Fig 3), suggesting that the samples were not subject to mterferencc? from
Sub.stances that altered the reaction of the compounds being assayed with the
liserum, In Table 1 the estimates of the [9R]Z and Z content of nodules are
OWn. In all samples (i.e., for both nodule types and at each age) the'Z con-
) U wag greater than the [9R]Z content. In some samples, RIA actnylt_y was
®lected in the fraction at the elution time of authentic [9G]Z, a cytokinin that
£OSS-reacts with the antiserum (Badenoch-Jones et al. 1984d) and also parti-
ons to some extent into n-butanol (Horgan 1978). In contrast, two other cyto-

te
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Fig. 2. RIA activity (expressed as percent binding of tracer to antibody relative to binding of trace
to antibody in the absence of [9R]Z) for 50-wl aliquots of the final volume (300 wl) of fraction’®
eluted from the Zorbax C8 column. The fractions collected at the elution times of authentic Z 2"
[9R)Z standards are indicated. The volume of most fractions was approximately 4.8 ml. Fractio®®
were evaporated to dryness and dissolved in 300 ul of the buffer used in RIA. (A) Nodule samPl,e'
strain ANU897, 30 days after inoculation; corresponds to 447 mg tissue. (B) Nodule sample, stra!
ANU203, 15 days after inoculation; corresponds to 78 mg tissue.
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the OrL‘)glt transformation of standard curve for [9R]Z and of dilution curves for fractions from

bax C8 column collected at the elution times of authentic [9R]Z and Z, following injection
2 nodyle sample (strain ANU897, 15 days after inoculation). B, binding of tracer to antibody in
[9R]%"eSence of [SR]Z standard, or sample; Bo, binding of tracer to antibody in the absence of

g;‘\lns that cross-react with the antiserum, [9A1a]Z and Z nucleotide (Ba-
up Och-Jones et al. 1984d), have very low partition coefficients into n-butanol
N dDllbhshed data). The low cross-reactivities of (diH)[9R]Z and (diH)Z (1.9%
it g 3%, respectively; Badenoch-Jones et al. 1984d) with the antiserum make
mlfﬁcult to detect these compounds in samples assayed by RIA employing
tiu:lgR]Z serum. It was therefore not unexpected that the fractions at the elu-
rate limes of these compounds (i.e., 2 fractions after the corresponding unsatu-
& ed Compound), or of [9A1a]Z or Z nucleotide, contained little actlvnty How-
T, in some samples, RIA activity was detected in fractions in which no
OWn cytokinins elute.

P
“ification, Procedure B

he Cstimates of cytokinins made following purification of samples by proce-
ar‘: B are also shown in Table 1. Recovery of [PH][9R]Z averaged 37.7% for all
dples Considerable [9R]Z, (diH)[9R]Z, iP, and [9R]iP were detected in
u“le samples, but (diH)Z was not detected in any sample. We attempted to
€Ct each cytokinin in a discrete fraction. For [9R]iP and iP, this appeared to
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be achieved, as indicated by the detection of activity in RIA in only the single
expected fraction. However, for [9R]Z, Z, and (diH)[9R]Z, this was not alway$
achieved, and these cytokinins frequently eluted considerably earlier than i}u’
thentic standards. This was particularly a problem with root samples, which
contained a greater fresh weight of tissue than nodule samples.

iP and [9R]iP were separated following the TLC step. For one sample fro®
each treatment, iP and [9R]iP were assayed immediately after the TLC steP
(i.e., without subjecting the sample to purification by HPLC). Only the zon¢
containing putative iP and [9R]iP were assayed. Assuming the same recovefy
as that of PH][9R]Z after TLC (approximately 50%), estimates of iP and [9R]'P
from samples analyzed after the TLC step were similar to estimates frof
samples purified by HPLC (Table 1).

The data for iP and [9R]iP were less variable than the data for [9R]Z, and
considerably less variable than the data for Z and (diH)[9R]Z. This probaby
reflects the better quality of the HPLC procedures for iP and [9R]iP than for Z,
[9R]Z, and (diH)[9R]Z. The greater accuracy of the [9R]Z estimates than the
and (diH)[9R]Z estimates probably reflects the availability of a re:co‘/‘?ry
marker for [9R]Z. Estimates of Z and [9R]Z were somewhat lower followin8
procedure A than procedure B, particularly for nodules formed by ANU203 at
21 and 36 days after inoculation.

In the nodules formed by both strains, there was, for most cytokinins, a
trend toward a decline in cytokinin level with increasing time after inoculatio®
However, there was no fundamental qualitative change in cytokinins with ag¢;
The major cytokinin detected in nodule tissue was Z, followed by [9R]Z and
then (diH)[9R]Z. For most cytokinins, nodules contained considerably highe”
levels than uninoculated roots. In the case of (diH)[9R]Z, the estimate 0°
tained for roots was not particularly low, relative to the estimates for nodulé®
but had a high standard error. Cytokinin contents of the ineffective nodU_les
were found to be of the same order of magnitude as those of the effectiv®
nodules.

Discussion
In the current study we have used RIA to examine, both qualitatively daf;g
u

quantitatively, the cytokinins present in a number of pea root and no
samples. We have obtained evidence for the occurrence of the following eyt
kinins in pea root nodules: Z, [9R]Z, (diH)[9R]Z, iP, and [9R]iP. Although ther‘:’
is considerable potential for improvements in the purification procedures t 4
are combined with RIA, the sensitivity of RIA and its greater precision tha
bioassay probably mean that this is the most accurate and, in terms of !
range of cytokinins investigated, the most extensive study of cytokinin levé
in pea root nodules to have been carried out. )
The identification of the cytokinins in the present study is almost c::ertal!'lly
less equivocal than identifications made in previous studies emplOY‘ﬂ'
bioassays. We have previously emphasized the importance of combining ap
propriate separative procedures with RIA (Badenoch-Jones et al. 1984d)- o
estimate Z, [9R]Z, (diH)Z, (diH)[9R]Z, iP, and [9R]iP, concurrently, in ro0
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nodule samples, it was necessary to separate these cytokinins by more com’
plex chromatographic procedures (procedure B) than those used when estr
mating Z and [9R]Z only (procedure A). Results from the current work havé
revealed the importance of using a recovery marker, both as 2 means of estr
mating losses during sample purification and as an indicator of chromat?
graphic performance.

It may be preferable to avoid the use of ammoniacal TLC solvents prior t0
HPLC in the purification of samples for RIA analysis. This study has rc:-:VCElled
that when samples are purified by such procedures, it is difficult to collect the
cytokinins Z, [9R]Z, and (diH)[9R]Z as single discrete HPLC fractions, and
these cytokinins frequently eluted considerably earlier than authentic sta%
dards. These difficulties were not encountered with HPLC of samples ¢0%
taining iP and [9R]iP. This work suggests that it may not be necessary to sU”
ject samples containing putative iP and [9R]iP eluted from TLC plates 1
HPLC prior to RIA, especially if appropriate recovery markers can be synthe”
sized. However, more detailed studies will need to be carried out before 1e¢’
ommendations can be made on using TLC as a final step in purification, part
ularly as changes in the solvent systems are envisaged.

No unequivocal identifications of cytokinins in root nodules have ever be¢?
reported, but the following tentative identifications and estimates of appro"l'
mate levels have been made, based on bioassay, although generally no accou?
was taken of losses during sample purification. For Vicia faba nodul€®
Henson and Wheeler (1976) estimated 55 pg and 11 g kinetin equivaleﬂt?
(KE) kg~ fresh weight tissue for [9R]Z and Z, respectively and, for nodules 0,
a range of nonlegumes, 8—-49 pug KE kg~! fresh weight of tissue for Z/[9R]Z
(diH)Z/(diH)[9R]Z (Henson and Wheeler 1977). For Phaseolus mung®
nodules, Jaiswal et al. (1981) estimated approximately 21 ug Z and 17 pg [9R]Z
kg~! fresh weight tissue, and for P. sativum nodules, Syono and Torrey (1976)
estimated approximately 4-26 pg Z/[9R]Z kg~! fresh weight tissue, with af
proximately equal amounts of Z and [9R]Z. In nodules of Phaseolus vulgas
Puppo et al. (1974) did not detect Z or [9R]Z but did detect iP and [9R]‘P'
Syono and Torrey (1976) and Jaiswal et al. (1981) detected iP and [9R]iP in the
nodules they examined, but at levels lower than those of Z and [9R]Z.

The present study provides good evidence to support the results from thes?
previous studies employing bioassay, in which Z, [9R]Z, iP, and [9R]iP W?re
tentatively identified in root nodules. The present study also identift®
(diH)[9R]Z in pea root nodules. The values of root nodule cytokinin con’tent
as estimated by RIA in the current study were of the same order of magnitu &
though tending to be a little higher, than the above values obtained b}
bioassay. It is of interest to note that in a recent study (Ernst et al. 1983) !
which estimates of iP of an anise cell line were made concurrently by GC-
RIA, and bioassay, the former two techniques gave results that correlated W¢
but bioassay gave values reduced by a factor of 4. This reduction was attr!
uted to possible interference by contaminants in bioassay and to losses duri®
sample purification.

For the Rhizobium strains examined in this study, there would not appea’
be a clear correlation between nodule cytokinin levels and the effectiveness 0'
nodules in nitrogen fixation. Our data support the conclusion reached by $¢
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*1al workers (Puppo et al. 1974, Henson and Wheeler 1976, 1977) that cyto-
in levels in nodule tissue are higher than those in root tissue, a result Fhat
‘plicates cytokinins as playing a role in nodule maintenance and/or initiation.
Ccause of the lower cytokinin levels in root tissue, purification of extracts
Plior to R1A analysis was more difficult for root than nodule tissue, and results
Were correspondingly more variable for root than nodule tissue. It §hould also
© borne in mind that our data probably overestimate the cytokinin levels in
€ root tissue that is adjacent to the nodules. This is because our measure-
Ments were made on the whole root system, including the root tips, and it has
°en shown that cytokinin levels vary in different parts of the root. Short and
Orrey (1972), for example, found that the terminal 0- to 1-mm root tip con-
Aned 4344 times more cytokinin on a fresh-weight basis than the next 1- to
Mm root segment, but they detected no measurable free cytokinin in seg-
ments further from the tip.
The general decline with age in cytokinin levels in nodules that we observed
'S in agreement with the results of Syono and Torrey (1976) and Syonq et al.
(1976). The lack of any major qualitative change in nodule cytokinins with age
3 also a consistent feature of these studies. A detailed study of cytokinin
Svels in nodules, from nodule initiation to nodule senescence, may prove
Usefu] for elucidating the role of cytokinins in nodule development. Such a
Udy would be feasible with the availability of RIA. The present study has
®Monstrated the usefulness of RIA for analysis of cytok_imns where only a
“Mall amoyny of tissue is available. The antisera employed in the current work
also be used for analyses other than RIA—for example, in cytok‘mx_n
Salization studies at the light or electron microscope level. Now that 1t is
O8sible to locate the position on the root where a nodule will form following
sbot inoculation (Bhuvaneswari et al. 1980), the anticytokinin sera could be

n t0 examine whether there is an increase in cytokinin activity at the site of
odule initiation,

Couly
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