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ment of the carbon atom of the resolving agent by a sulfur atom decreased the separation
factors of racemic amino acids except for proline derivatives, and the replacement of H atom
attached to carbon atom by a OH group increased the separation factors of racemic amino
acids. Proline derivative seems to be the best resolving agent because it has a desirable
retention times with better separatlon factors o
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Phytophthora infestans is a well-known phytopathogenic fungus which belongs to Qomy-
cetes. Chemotaxonomically, it is interesting that the major component of the mycelial
cell walls of Oomycetes is not chitin but glucan, and this is quite different from many other
filamentous fungi.® Glucans from Phytophthora hyphal walls have been examined by a few
workers. In P. cinnamomi,¥ two different -glucans comprising nearly 909, of the mycelial
wall were isolated and the major component was an extremely water-insoluble and highly
branched glucan composed predominantly of $-1,3- and small amount of g-1,4-linkages.
The minor component was cellulose. In the case of P. hevea® presence of 51m1lar glucans
reported. These results were obtained from enzymic degradation and usual analytical pro-
cedures, and suggest that glucans from the hyphal wall of Phytophthora are similar to each
other.

Recently, Hodgson, et al.9 reported that water-soluble glucan from P. snfestans consists.
of p-1,3-linkage and it completely inhibited local lesion development by potato virus X.
However water-insoluble component of the hyphal wall has not been described. In recent
years, histochemical investigation on the hyphal walls of Oomycetes have been made in our
laboratory, and an alkali-soluble and water-insoluble glucan was isolated as the major com-
ponent from the hyphal wall of P. infestans. This glucan, contrary to expectation, is highly
dextroratatory, [«]j 4-217° (1n NaOH), and showed an absorption band at 844 cm-! for a-
glucosidic linkage in its infrared spectrum.

This glucan was methylated by the methods of Hakomori” and then of Purdie,® and
after methanolysis of the methylated glucan was carried out the product was analyzed by
gas-liquid chromatography (GLC). As shown in Fig. 1, methyl 2,4,6-tri-O-methyl- and a
small amount of methyl 2,3,4,B-tetra.-O-methyl—D—glucopyranosides» were detected. The
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methylated p-glucan in CDCl; provides a proton
magnetic resonance (PMR) spectrum (Fig. 2),
having a doublet at 5.42 ppm, J,,, 3.0 Hz, for °
the anomeric protons, H-1, of the a-p-(1—3)-
linked® residues in the polymer. The anomeric
proton signal for linear (1—3) linked gluco-
pyranose residues in the spectrum of perme--
thylated laminarin in CDCl, has been shown to
resonate at 4.7 ppm, J,, 7.5 Hz (Fig. 8). The
glucan was scarcely oxidized by periodate. From .
these results, it seemed certain that the glucan

T

has a straight chain structure consisting of o-1,3- 5 1»0 20 30“““
glucosidic linkage. g Fig. 1. Gas Chromatogram of 1 ‘\/Ietha,noly— ‘
Actually, hyphal wall of P. mfesmns was sate of the Methylated PII

: f-methyl-2,3,4,6-tetra-O-methyl-p-glucoside .
: a-methyl-2,3,4,6-tetra-O-methyl-p-glucoside
: f-methyl-2,4,6-tri-O-methyl-p glucoslde

: ‘a—methyl-? 4,6-tri-O-methyl- n-glucosxde )

different from those of other Oomycetes because

it was incompletely digested by treatment with

snail-gut enzyme.1® '
Occurrence -of §-1,3-linked glucans is exten~

sive, particularly in the field of fungi, but the presence of a 51mple o-1,3- hnked glucan

is not common, and this type of glucan Was isolated only from Aspergzllus niger'ty

(nigerodextran) and Asp. widulanst®

gow»
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8 .4 __ 3 pem 3. ppm
Fig. 2. PMR (60 MHz) in CDCl, of the .~ Fig. 3. PMR (60 MHz) in CDCl; of the
Methylated PII v - Methylated Laminarin

As minor glycans of the hyphal wall, water-soluble glucoserich glycan, which contains
f-1,3-linked glucose unit accompanied with galactose and mannose, water- and alkali-insoluble
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heteroglycan consisting of glucose, mannose, and: galactose and a8 the third glycan, p-1,4-
linked glucan, cellulose, were detected. : ‘

Histochemical examination, particularly constructlon and d1str1but10n of the: component
glycans and the other biological behavior of the hyphal wall from P. mfestans will be dlscussed
in separate papers. .

Experimentai ;

Organism and Growth——The organism used in ‘chls Work Phytoﬁkthom mfestanes IFO- 4872, was sup-
plied by the Institute of Fermentatlon, Osaka. Incubation was carried out at 25° for 16 days in an Erlenmyet
flask of 300 ml capacity containing 100 ml of Sabouraud medium consisting of 29, glucose, 19, polypeptone,
and 100 ¢g/1000 ml of thiamine-HCI. The mycelium was collécted by filtration and sufﬁmently washed with
H,0.

Preparation of Cell Wall Matenal The hyphal mycehum was dlsrupted 'cwme by the French press
{200 kg/cm?), cell wall material was collected by centrifugation, and washed with H,0 several times until
freed from cytoplasmlc material by repeated differential centrifugation at 2000 rpm. Finally, the isolated
wall material was freeze-dried. -'The ¢ell 'wall thus .obtained was observed not to have any-cytoplasmic
material by optical and electron mlCI'OSCOPV :

Extraction of Polysaccharide from the Cell Wall——1) Extract:on with VVater at. 100° The cell wa,ll
(2 g) was extracted with H,O for 30 min at 100°. After centrifugation, this procedure was repeated 8§ times:
The combined supernatant was dialyzed against running water for 2:days, and the interral solution was con-
centrated ¢n vacuo. ' To the-concentrate, 4 volumes of EtOH was added, and the precipitate that appeared
was collected by centrifugation, washed with EtOH, acetone, and ether, and dried »n vacuo. Yield of the
water-soluble substance, PI, 120.8 mg (correspondmg to 6.03% of the wall).

2) Extraction with 1 x NaOH at Room Temperature: The water-extracted cell wall materlal (1.7 g)
was extracted with 1 v NaOH for 12 hr at room temperature. After centrifugation, this procedure was
repeated 7 times. The combined supernatant was dialyzed against running water for 2 days, during which
a water-insoluble material appeared in the internal solution. This was collected by centrifugation, washed
with H,O, EtOH, acetone, and EtOH, and dried iz vacuo. Yield of the material, P II, was 880 mg (corres-
ponding to 43.9%, of the wall).

The water-soluble fraction in the tube was concentrated to a small volume é% vacuo, 4 volumes of EtOH
were added to the concentrate, and the precipitate that formed was collected by centrifugation and treated
as described above. Yield of the alkali- and water-soluble material, P III, was 41.2 mg (corresponding to
2.069, of the wall). :

3) Extraction with 1 ~ NaOH at 100°: The treated cell wall was further extracted with 1 N~ NaOH
for 30 min at 100°. After centrifugation, this procedure was repeated 7 times, The suoernatant and sedi-
ment were treated as described above. Yield of the alkali- and water-soluble material, PIV, was 102.7'mg,
yield of the alkali-soluble and water-insoluble material, PV, was 26.5 mg, and that of the sediment was 263.8
mg. These correspond to 5.1%, 1.3%, and 13.2% of the wall, respectively.

Component Sugars of Each Fraction Each fraction (¢a. 2 mg) in 2 ml of 2 N H,SO, in a sealed tube
was heated in a boiling water bath for 7 hr. After neutralization (BaCO,) and filtration, the hydrolyzate
was concentrated and applied to Toyo Roshi No. 50 filter paper for detection of the component sugars.
Paper chromatography was carried out by the ascending method using AcOEt-pyridine-H,0 (10:4: 3).
Sugars on the paper chromatogram were detected by spraying solution of AgNO;—NaOH,® p-anisidiné—HC1.19

PI contained glucose, galactose, and small amount of mannose; PII, glucose, small amount of galactose
and mannose; PIIL, glucose, galactose, mannose, PIV, glucose, galactose, mannose; PV, glucose, small amount
of galactose, and mannose; and extracted sedxment glucose, galactose, and mannose.

Purification of the Mam Fraction PII -Alkali-soluble and water-insoluble fractlon, PII, was extracted
with H,O at 100° and the mixture was centrifuged. This procedure was repeated 3 times. = The insoluble
material (690 mg) was suspended in H,0 and this was adjusted to pH 7.5 with NaHCO,. To this solution
was added pronase (35 mg) to 5% of the content of the crude material, and the mixture was incubated with
stirring for 2 days at 35°. The insoluble material was collected by centrifugation, dissolved in 0.5 n NaOH,
this alkali solution (150 ml) was shaken vigorously for 30 min with 30 ml! of CHCl,-BuOH (4: 1), the mixture
was centrifuged, and the aqueous phase was collected. The same procedure was repeated until a gelatinous
substances was no longer formed in the mixturé. After centnfuga.twn, the supernatant was dialyzed against
distilled H,0 in a Visking Cellophane tubing with stirring for 2 days. ' The resulting precipitate was collected
by centrifugation, washed with H,0, EtOH, acetone, and ether, and dried 4n vacuo. Yield of the material,
331 mg. Paper chromatographic analysis of the acidic hydrolyzate showed the presence of only glucose.
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Properties of Purified PII Purified PII comnsistéd of 98.0% of total hexose by C,H OH-H,SO, method,
as glucose, and no Titrogen. ~Todine reaction, negative.” [a]} +4-217° (¢=1.02, IN NaOH). IR vfn’i’;""844
-cm~! (a-glucosidic linkage).

Periodate Oxidation of Purlﬁed PII——Purified PII (25 mg) was dissolved in 1 ml of 1 N NaOH the
solution was adjusted to pH 5.5 with 0.5 ~ HCl, and its total volume was made up to 50 ml with 4 ml 0.22 m
NalO, and H,0.. The mixture was allowed to stand with stirring at room temperature in the dark. A blank
soluticn containing 1o glucan was processed similarly. “An ahquot of'3 ml was taken ‘at different periods
for the determination of NalO, consumption and formation of HCOOH by the procedures of Marapradel
and Whistler.!® The number of moles of NalO, consumed per anhydroglucose unit was <(0.1 (72 hr).
The value of HCOOH was <{0.001 (72 hr).

Methylatlon of PII—Methylation of the ‘purified PIT (50 mg) was carried out by the procedures of
Hakomori? (twice) and Purdie.® The reaction mixture was extracted with CHClzand completely methyla,teds
PII showed no significant’OH bond in the 3500 ecm~* region in its IR spectram. .

GLC of the Methanolyzate of Methylated PII and Tri-O-methylsilyl Derivative of the Methanolyzate
Methylated PII was converted into methylcrlucos1des by heating with 1 x MeOH—HCl in a sealed .tube for
10 hr in a boiling water bath. MeOH was evaporated and HCI was removed by evaporatlon in a vacuum
desiccator over NaOH, The resulting methylglucosides were dissolved in a minimum amount of MeOH and

_HCI, the methanolyzate was trimethylsilylated according to the methods of Sweeley, ¢t 4l.1” and Yamakawa,
et al’® GLC of the methylglucosides and trimethylsilylated derivatives of methylglucos1des was. effected
in a Varian aerograph Model 705, equipped with a flame ionization detector, using a 200 x 0.95 cm metal
column packed with 15% polybutane-1,4-diol succinate on’ Chromosorb W-80 (100 mesh); coldmn tempera—
ture, 165°; N, flow rate, 55 ml/min, and column temperature, 140°; N, flow rate, 50 ml/min,

PMR .Spectrum of Methylated PII——PMR spectra of the methylated PII and methylated laminarin
were recorded at 60 MHz with a Varian NV-14 NMR spectrometer at normal operating témperature. Tetra-
methylsilane was used for the analysis as an internal standard in CDCl,. . Sample concentration was about
5%.
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