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The plant pathogen Corvncbacterium fascians
contains high cytokinin activity (1,2). One main
active factor has been identified as 6-(7y,y-dimethyl-
allylamino)purine (2iP) (2,3). This cytokinin
also has been found to be a minor base in yeast
seryltRNA I and II (4,5) and tyrosyl-tRNA (6)
and is present in tRNA of some other organisms
(7,8). In fact, cytokinin activity seems to be a
general property of tRNA hydrolysates (7,8,9).
It was of interest, therefore, to determine whether
2iP was a constituent of C. fascians tRNA, as well
as to investigate further the possible presence of
other cytokinins in this organism.

The methods of growing Corynebacterium fas-
cians were the same as reported hy Klambt et al.
(2). tRNA was extracted with 0.025 ™ tris-HCI
buffer in the presence of buffer-saturated phenol,
and purified by methoxyethanol partition (10),
CTA precipitation (11), and DEAE-cellulose chro-
matography (12). From 480 g cell paste (48 1
liquid culture), 106 mg tRNA (ca. 2330 OD,q,
units) were obtained.

Cytokinin activity was assayed by the tobacco
callus test as described by Linsmaier and Skoog
(13) with the exception that 5 replicate 50 ml flasks
were used, each with 20 ml medium and 3 callus
explants.

To release cytokinins, samples of tRNA (1.5
mg) were heated in 5 ml 0.1 x HCl at 100° for
30 minutes (9). The hydrolysates were tested for
cytokinin activity, directly and after fractionation
by chromatography on Whatman No. 1 filter paper
with several solvent systems. Chromatograms were
cut crosswise into 10 equal sections and these were
extracted twice with a total of 30 ml water on a
steam bath. The extracts were added to the hasal
medium for bioassay.

As shown in table I, acid hydrolyzed tRNA had
detectable cvtokinin activity at 1.5 mg tRNA equiva-
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Table 1. Cvtokinin Activity of C. fascians tRNA
Hydrolysate in the Tobacco Test
Fr wt
Additives Conc per flask
g
0 0.33
0.6 0.33
sRNA 12 0.45
hydrolysate 3 0.46
(mg/1) 6 1.01
15 1.74
30 2.82
Kinetin 12 0.62
(ug/1) 6 123
30 4.74

lents/1, and reached about 10 ug/1 kinetin equivalents
at 15 mg tRNA/I.

When the hydrolysate was chromatographed in
5 solvent systems, as shown in figure 1, most of the
activity always moved with 2iP. An additional
minor peak was observed on chromatograms de-
veloped with solvents A and B (fig 1). This
activity coincided with the zone of zeatin and
6-(3-hydroxy-3-methylbutylamino)purine in solvent
A, but not in solvent B.

Enzymatically hydrolyzed tRNA (according to
Robins et al. 14), further degraded by periodate
oxidation (Yu and Zamecnik, 15) and fractionated
by silver precipitation, n-butanol extraction (16)
and paper chromatography with solvent A vielded
cytokinin activity at Ry 0.8 to 0.9, corresponding to
2iP, and Ry 0.6 to 0.8, corresponding to 6-(y,y-di-
methylallylamino)-9-B-p-furanosylpurine (2iPA).
The minor peak in the zone of zeatin ctc., which
was found in the acid hydrolysate, was not detected
in the enzymatic hydrolysate.

When whole cells were extracted in the cold
with 75 9% ethanol and then with n-butanol and the
pooled extracts were purified by silver precipitation
and n-butanol extraction (16), an active product
was obtained with Rp peaks in 4 solvent systems
corresponding to the Rp’s of 2iP. Only in solvent B
was there a minor peak corresponding to the Ry of
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Frc. 1. Lo.ca-tion of cytokinin activity on paper-chromatograms of tRNA hydrolysate developed with 3 solvent
systems ;- 2\) iso-propanol :conc HCl:water (16:1:3); B) ethylacetate :formic acid :water (60:5 :35) ; C) n-butanol:
acetic acid:water (12:3:5); D) ethylacetate :n-propanol :water (4:1:2) ; and E) 2 ~ NH,OH. Lines at the top of

the histograms indicate the loci of adenine (A4), 6- (3-hydroxy-3-methylbutylamino ) purine
6- (yyy-dimethylallylamino) purine (2iP) and zeatin (Z).

controls without cytokinin.

zeatin and 6-(3-hydroxy-3-methylbutylamino) purine.
When the cells had been heated in 0.5 N HCl for
30 minutes at 100° prior to the extraction, the same
general distribution pattern was obtained and with
an expected, definite increase in activity in the zone
corresponding to 6-(3-hydroxy-3-methylbutylamino)
purine.

The above results show conclusively that cyto-
kinin activity is present in Corynebacterium fascians
tRNA. The chromatographic behavior together
with the earlier established presence of 2iP are
strong evidence that this substance is the main
cytokinin in the tRNA of this bacterium. As
6-(3-hydroxy-3-methylbutylamino)purine is known
to be formed on heating 2iP in acid, the minor peak
at the Ry's of this compound was to be expected.
Whether or not this substance occurs in the intact
cells, it evidently was produced in part in the iso-
lation process. Although no additional active frac-
tions were found, their presence is not excluded.
This is especially true of zeatin which could not be
distinguished from 6-(3-hydroxy-3-methylbutylam-
ino)purine in the solvent systems used. Unfortu-
nately, the presence of inhibitors in the medium and
in the crude cell extracts, and other difficulties in
making quantitative estimates of cytokinin activity
precluded relialfle data on the relative amounts of
free bases, ribosides, and bound forms or on the
respective roles of these substances as sources of
the cytokinin activity in the cultures.

Literature Cited

1. Tumnaxy, Ko V. oaxp T. Sacus. 1966, The role
of cyvtokinins in the “fasciation” disease causud
by Coryncbacterium fascians.  Am. J. Botany
33: 731-39.

(o7}

~

10.

12.

(H): kinetin (K);

The broken lines represent the fresh weights of the

Krimer, D., G. THies, axp F. Skooc. 1966. Iso-
lation of cytokinins from Corynebacterium fas-
cians. Proc. Natl. Acad. Sci. U.S. 56: 52-59.

Herceson, J. P. anp N. J. Leonarp. 1966. Cyto-
kinins: Identification of compounds isolated from
Corynebacterium  fascians.  Proc. Natl. Acad.
Sci. U.S. 56: 60-63.

Biemann, K, S. TsuNakawa, J. SONNENBICHLER,
H. Feomann, D. DUTTiNG, UND H. G. ZACHAU.
1966. Struktur cines ungewohnlichen Nucleosids
aus Serin-spezifischer Transfer-ribonucleinsiuren.
Angew. Chem. 78: 600-01.

Zacuau, H. G, D. DUrrinG, unp H. FELDMANN.
1966. Nucleotidsequenzen zweier Serin-spezifischer
Transfer-ribonucleinsauren.  Angew. Chem. 78:
392-93.

MabprsoN, J. T.. G. A. Evererr, ano H. Kuxc.
1967. Oligonucleotides from yeast tyrosine trans-
fer ribonucleic acid. J. Biol. Chem. 242: 1318~
23.

HaLt, R. H., M. J. Rorixs, L. Stasiuk, axp R.
THEDFORD. 1966. Isolation of SN-(y,y-dimethyl-
allyl)adenosine from soluble ribonucleic acid.
J. Am. Chem. Soc. 83: 2614-15.

Hawr, R. H., L. Csoxka, H. Davip, axp B. Mec-
LeEx~xax. 1967. Cytokinins in the soluble RN A
of plant tissues. Science 156: 69-71.

Skoog, F.. D. J. ArnstroNG, J. D. CHERAYIL, A. E,
Haarper, axp R. M. Bock. 1966. Cytokinin ac-
tivity : Localization in transfer RNA preparations.
Science 154: 1354-56.

Kiepy, K. S. 1956. A ncw method for the isola
tion of ribonucleic acids from mammalian tissucs.
Biochem. J. 64: 405-08.

Rarea, R, K. axp A, R. Berraay. 1964 Isola-
tion and purification of undegraded ribonucleic
acids.  Biochim. Biophys. Acta 87: 9-16.

Bruxxcrager, E. F. 1962, A simplified procedurc
for the preparation of sSRNA. Biochem. Biophys.
Res. Commun, 8: 1-3.



MATSUBARA ET AL.—CYTOKININS IN tRNA OF CORYNEBACTERIUM FASCIANS 453

15. Yu, C. anp P. C. ZamecNIK. 1960. A hydrolytic
procedure for ribonucleosides and its possible
application to the sequential degradation of RNA.

13. LinsMmaler, E. M. anp F. Skooc. 1965. Organic
growth factor requirements of tobacco tissue cul-
tures. Physiol Plantarum 18: 100-27.

14. Rosins, M. J,, R. H. Hair, anp R. THEDFORD. Biochi : . 14
N Az . . - iochim. Biophys. Acta 45: 148-54.
1967. °N- (A*-Isog n:tenyl) aden.osme,. a compo 16. Lermaym, D. S. 1964. Isolation of a kinin from
nent of the transfer ribonucleic acid of yeast ; .
and mammalian tissue, methods of isolation, and plum fruitlets and other tissues. Colloq. Intern.
characterization. Biochemistry 6: 1837—48. Centre Natl. Rech. Sci. Paris 123: 109-17.



