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SCREENING OF POLLEN TUBE GROWTH INHIBITORS: IDENTIFICATION OF
CLETHRAMYCIN FROM A PLANT-ASSOCIATED ACTINOMYCETE

Y. Igarashi **, T. Yamakawa’, R. Y oshida? and T. Furumai®

ABSTRACT
The cytoskeletal proteins, actin and myosin, play a central role in pollen tube growth. The
pollen tube growth isinhibited by cytochalasin, which interferes with actin polymerization. In
the screening of pollen tube growth inhibitors, clethramycin was found frogmthe fermentation
broth of an actinomycete strain Streptomyces hygroscopicus TP-A0623 producing strain
was isolated from aroot of Clethra barbinervis collected in Toyam . Clethramycin
showed in vitro antifungal activity against yeast such as Candida
the MIC of 0.5~8 pg/ml.
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theelethramycin-producer, was isolated fromawild plant of Clethra
oyama prefecture, Japan. The root of the plant was cut into pieces of
ca. 3cminlength. Th ere successively immersed in 70% ethanol and 1 % NaC10 solution
for 3min. Th e rinsed with sterilized water and incubated on an agar plate consisting
of agar 1.5%, icin B 0.005% and methyl 1-(butylcarbamoyl)-2-
benzimidazol ecarbamate 0.02% at 32°C for 30 days. A colony of the strain TP-A0623 that grew
out of apiece of the root was isolated and purified on an agar plate.

Fermentation. A loopful of amature slant culture of S. hygroscopicus TP-A0623 was
inoculated into four 500-ml K-1 flasks containing 100 ml of the seed medium consisting of
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soluble starch 1%, glucose 0.5%, NZ-case 0.3%, yeast extract 0.2%, tryptone 0.5%, K ,HPO,
0.1%, MgSO,47H,0 0.05% and CaCO3 0.3% (pH 7.0). The flask was incubated at 30°C for 4
days on arotary shaker (200 rpm). Three-ml aliquots of the seed culture were transferred into
one hundred 500-m1 K-1 flasks each containing 100 ml of the production medium consisting of
soluble starch 2%, glucose 0.5%, glycerol 2%, Pharmamedia 1.5%, yeast extract 0.3% and HP-
20 resin 1.0%. Fermentation was carried out for 5 days at 30°C on arotary shaker (200 rpm).
Isolation. The fermented whole broth was extracted with 50% aqueous methanol and the
filtrate was evaporated in vacuo. The residual agueous solution was adjusted to pH 7.0 and
loaded on a column of HP-20. The column was eluted with aqueous acetone and the acetone was
removed by evaporation. The aqueous layer was lyophilized to afford a br; powder. A portion
of the powder was dissolved in DM SO and applied onto an ODS gel ¢ . The column was
eluted with 20~80% acetonitrile in 0.15% KH,P0, buffer (pH 3.5). i action was
adjusted to pH 6, evaporated and resultant aqueous solution was |y
powdery material was extracted with a small amount of methanol an
concentrated in vacuo to give pure clethramycin. By repeating the chro
clethramycin was obtained from 10 liters of culture brot
Biological Assay. Pollen of the Japanese pear ( . culti 1) was used
for the assay. An agar plate containing sucrose 10%gh pH 6.3) was
prepared and the pollen was placed in aline of 18 S
edge of an 18 mm sguare cover glass. At the g
containing the test sample was placed. A n S c ost perpendicularly to
the line during incubation at 30°C for
growth inhibition was measured under
defined as the length (mm) of the zonei

(Fig. 2).

RESULTS AND DISCUSSI

e..The strength of the inhibition was
tube growth was compl etely inhibited

plant were subjecteg [ tube growth inhibition assay. Among the six
hits, strain TP-AQ6. . ongest activity. In the HPLC analysis of the extract

N tube growth was inhibited by protein kinase and actin

ot by the inhibitors of tublin depolymerization (paclitaxel), DNA
and protein synthesis (cycloheximide). In addition, two macrolides,
filipin and azalomyci inhibited the pollen tube growth whereas amphotericin B not. Kinase
inhibition acti aurosporine and herbimycin A is accountable for their effect on pollen
tube growth because the pollen germination is controlled by MAP kinases (Wilson, 2000).
Therefore this assay system can be used for the detection of protein kinase inhibitors. In addition
to the dereplicated metabolites, we noticed the production of a hexaene antibiotic which showed
pollen tube growth inhibition and antifungal activity against C. albicans in the fermentation
extract. Although the production of hexaene antifungal antibiotics has been reported several
times so far, few of them were characterized structurally. Therefore we attempted the isolation
and structure determination of the hexaene antibiotic produced by strain TP-A0623.
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Fig. 2. Assay of pollen tube growth inhibition

Structure Determination. Clethramycin was obtained asay
methanol and insoluble in chloroform and ethyl acetate. Its UV-vis sp

parent ion peak [M-H] at m/z 1216.7 in negative mode i .8'n the presence
of lithium chloride in positive mode. In the negati m, distinctive

The *H and *C NMR spectra of cle i ic feature of the
reduced-type polyolefinic polyketide. ini 0 protons were observed in the narrow
spectral regions and the peaks for mor pons were detected. In addition, fifteen
methylene and twelve hydroxylated me e detected. One singlet and three doubl et
methyl groups, presumably derived from - '
spectrum. Since it was cons
malonate,.**C-1abeled clethr ,
The 2D-INADEQUATE experi ion with HMQC and DQF-COSY confirmed

i [ ' ecisely analy2| ng DQF—COSY TOCSY

ycin and Inearmycins are the presence of O-sulfate and guanidino
in. These structural differences seem to reflect on the biological

positive and negative bacteria. Cytotoxic effect was observed at the rather higher concentrations.
The 1Cg was 57 ng/ml against Hel.a cells and 120 pg/ml against WI-38 cells. Clethramycin
showed no toxicity for male ICR mice (4 weeks old) by intraperitoneal administration at a dose
of 10 mg/kg, but no therapeutic effect was observed with the experimental intravenous infection
with C. albicans at the same dose.



Linearmycins, structural analogs of clethramycin, are reported to inhibit the spheroplast
regeneration, namely the cell wall biosynthesis, of C. albicans. Although the site of action of
clethramycin is not elucidated, it might inhibit the biosynthesis or transport of the cell wall
precursors both in the pollen and yeast, considering its potent antifungal activity and structural
resemblance to linearmycin.
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DOES PREHARVEST APPLICATION OF NAA INDUCE RIPENING ON
CLIMACTERIC TREE FRUIT?

Eric A. Curry*

ABSTRACT

1-Naphthaleneacetic acid (NAA) has been an effective bioregulator for the control of
preharvest fruit abscission on apples and pears for more than 60 years. Although it has been
reported NAA at super- optl mal rates for control of preharvest drop may advanceri penlng, data

in the early spring, presumably by anethyl ene-lnductlon mechanlsm
stimulates fruit ripening in the fall, is it tempting to assume NAA
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Fig. 1. Ethylene response of ‘Delicious’ spur leaves (A) and fruit increase two weeks after initial treatment

(B) to NAA or ACC applied 2 weeks before commercial harvest. (D ata not ShOWﬂ) .
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Fig. 2. Starch clearing ratings of control (A) and NAA-treated (80
ppm) (B) fruit showing similar means but different distributions.

hen aII DeI|C|ous
fruit were removed 2 weeks after treatment,

mean starch rating was similar between those from treated and control trees. Apparent is the
absence from the untreated controls of fruit with more advanced starch clearing, i.e., those fruit
which probably dropped prematurely (Fig. 2). Indeed, that NAA advances ripening may be a
perception based on the artificial retention of fruit of advanced maturity.
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