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BIOCHIMICAL STUDIES GN RICE BLAST DISLEASE

Translation of an article by Hiroshi Otsuka, Kinjiro Tamari,
Naguhiro Ogusuware and llondaryoji in the Japancse-lunguage
Journal Journal of the Arricultural Societ f Japan, Vol.
32, No. 11, 1958, pp. 893-897.

PAQT X

The Biochemicul Classilication of Piricularia Oryzae Cavara (6)

On the Production of Nicotini¢ JAcid by Piricularia Oryzae Cavara

Previouslr we conducted tests on the function of biotin as a growth
element ia Piricularia Oryz:e (1) and we established that out of 45 atrains,
two grew in & biotin-free synthetic cult.re medium, and that practically
no biotin vau3 produced. Extensive rcsearch has been conducted not only on
biotin as a growth element in piricularia oryzae, but also on thiamine,
and a long time ago, Ito, et. al. (2) 2stabiished excellent results for
oryzanine in stimulating the development and formation of cells. F.W.
Leaver {3) recoguized thut thiamine is an sbsolute requircment for the
growth of bacteria and Tanulka et., al. (4) recognized that, except for
biotin, thiamine is necescary as a supplement to the normal growth of
niricularia oryzae. Likewise, Otani (5) studied the staic ol growth of
bacterie in a culture medium to which biotin and thiamine were added and

in media free of these subsiances and found that thiamine is a supplementa-
ry element.

]

As a result of our previous stu’yion which of 47 strains would grow
in a thiamine-free synthetic culiure medium, we established that 9 strains
would grow well and that 38 straina required thiamine. We zlso observed
that among the strains rc¢quiriag thiamine, excellent growvih of strains
occurred in an artificial culture medium to which nicotinic¢ acid waa
added instead of thiamine.
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By means of a bioassay employing lactobacillus arabinosus und
leucongatoc mesenteroides, we coulirmed that nicotinic acid is produced
in the culture filtrate of strains which grow rather well in a thimine=
free medium which were cultivated, in a synthetic, thiamiue~free culture
medium. G. W. Keitt (6) has obtuined intervsting results in a study of
the relationship between the pathogenicity and the requircment of bLio-
chemical mutants of Venturia inacqualis for microscopic substances such
as nicotinic acid and others. C. Yunofsky (7, has done some dotajled
research on the production of nicotinic ancid in microorgunisms, eapec-—
ially molda, but fev other examples for molds can be found. We found
this point of interest and consider it worthy of further inveatigation,

Exgeriment

(1) Piricularia orvzae tested. 47 strains of piricularia oryz.e
receivcd from the National Institute of Agricultural Sciences as in the
previous report,

(2) Previous culture medium. As in Report 10 (No. I).

(3) Thiamine-free synthetic culture medium. The coustituents of
the medium are as in Report 10 (No. IV) without thiomin2, but with
8 7/l of biotin added. The conditions of the culture are the same as
in Report 10 (no. IV).

(4) Synthetic culture medium with addition of nicotinic acidi
1 mg/l of micotinic acid added to the above thiamine-free medium.

(5) Determination of quality of growth. As in Report 10 (No. IV),

(6) Determination of nicotinic acid. Determination was made by
bicassay uasing lactohacillus arabinosus ATCC 8014 and leuconostoc mesen-
tergides ATCC 8042 for eatablishing the absence of nicotinic acid in the
culture medium aund for estimating the amount of nicotinic acid. The
bioasaay procedure was titration with 1/20 N or NaOH in the culture
liquid (2ml) after maintaining it at 37° for 72 hours, which is the
normal procedure. Tie culture constitutents and the standard curves
for the bioassay are given respectively, in Table 2 and Fig. 1.

Ve put 30 ml each of thiamine-free culture medium into 100 ml
Ehrlenmeyer flasks (absence of thismine determined by bioassay with
Lactobacillus fermenti ATCC 9338) and after preasure-killiag the bac-
teria for ten minutes at ten pounds, nine strains which grew relatively
well in thiamine~free medium were added to this culture medium and
cultivated at 25° for 14 days.
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STATE CF GROWTH OF BACTERIA IN THIAMINE-FREE SYNTHETIC CULTURE

TADLE 1.

MEDIUM TO WHICH NICOTINIC ACID HAS BEEN ADDED
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arabinosus ATCC 8014
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Leuc. mesentergides ATCC 8042,
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TABLE 2. CONSTITUZNTS FOR BASIC CULTURE MEDIUM FOR BIOASSAY

FOR NICOTINIC ACID (DOUBLE STRENGTH )

Vitamin-free casein hydrolizate (T.N.1.28%) 10% solution 10

ml
Glucose iz Folic acid 27
Na-acetate iz Aleaine-ilyS0 2ng
L~systine 20uzs Guanine-liCl 2mg
Dl~-tryptophane 20ug urasyl ng
Thiamine-lCl 2007 xanthin 2mpx
RiLoflavin 2607
Pyridoxal-HCl 2007 A-solution* eml
Pyridoxine-lC1 2007 B~gsolutiion** 2l
p-Aninobenzoic acid 607 Distilled water to muke 100 ml [illegi=-
Ca-Pantothenate 2007 (pH 6.8) total. ble
Biotin 27

*Solution A, 5g of KHoPO4 and 5g of K2HPO4 plus enough distilled water
to make 100 ml.

2 g of MgSO4.7Ho0; 0.1g of FeSO3,.THy0; 0.1g ol ...20,.4Hp0;
0.1 g NaCL plus enough distilled water to make 100 ml,

##Salution B,

Table three shows the results of weighing the mycelia which were
grown, after they were dried at 100%°, and the rcsults of determination
by biocassay of the nicotinic acid in the culture filtrate. Strains
which require thiamine and in which nicotinic acid cannot be substituted
were placed in 100 ml Ehrlenmeyer flasks. The bucteria were killed by
partially adding a complete synthetic wmedium to which 30 ml of thiamine
was added, the resulting combinatiocn was cultivated for 14 days at 25°
and then the weight of the dried wmycelia was determined. A bioassay was

made of the amount of nicotinic ascid generated in the culture filtrate.
The results of the above ure shown in Table 4.

Table S ahaws the results of bicsasays of the amount of nicotinic
acid produced in the culture filtrate, and the weight of the dried my-
celia measured at different stages in time for strain No. 1 provided
by Hokkaido University and for the SO-homo strain provided by the Agri-
culture Faculty of the Toikyo University of Agriculture and Technology,
which were cultivated in a thiamine-free culture medium and which pro-

duced nicotinic acid and were then cultivated at 25° in a thiamine-free
culture medium.




TABLE 3, VEIGHT QF MYCLLI\ IN THIAMIN:E~FREE SYNTHETIC MEDIUM ;
AND YIZLD OF NICOTINIC ACID. :
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#Coutrol is thismine-free culture medium in which no bacteria were planted.

TABLE 4. VWEIGHT OF MYCELIA IN COMPLETE CULTURE MEDIUM AND YIELD
OF NICOTINIC ACID
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Table 4 (Contiaued):

5314

L1370

Q { 143 1 967 , 137 ; 97.3
6317 1 0.1800 | 2.64 i 1045 ; 2.21 1103.3
833y 0.lied v 0.64 1 S8l 0.6z | 9.0
5520 | 01220 | 0.1 ; 105.5 ' 0.21 '101.2
§i.0 . 0.2110 1 015 . 949 | 015 e
5346 0,150 i 116 ! 10L% | 117 ) 93¢
5532 1 0.1650 | 0.9 | 94.0 R R

$533 1 01550 | 012 | 157 | 0.1 | %6
5557 | 0.1580 | 0.94 ; 3.6 |, 0.8i ! S0
5539 | 01600 | 0.4¢ | 1021 | 0.8 ! 95.8

TABLE 5, WEIGHT OF 2 STRAINS AT DIDFERENT STAGZS IN TIME AND
AJOUNT OF NICOTINIC ACID PRODJUCED IN THILLIINE-FRER CULTURE MoDIUM

No. of Weight of ta. Nicotinic acid!Recoveryib. icount of pro-!Recovcr}

days mycelia ,yroduced (7/ml) | (%) jduct anulogous to (%)
culti~ (g x 200) !Leuc. mcsenteroi-! nicotimic acid
vated ! des i i (by L. Arubinosusﬂ
4 daya | 0.05 | 0.03 1011 | 0.04 [ 99.1
8 days & 1.20 ! 0.15 | ss.3 | 0.08 . 95.8
12 days 2.70 | 0.3 | .3 ' 0.30 P97l
15 days 4.00 i 0.63 L 19.8 - 0.C1 85.0
19 daya 3.00 2.56 Lo82.2 | 2,88 106.0
22 days 2.80 : 2.36 67.8 1 3.55 104.5
S0-homo | ,
4 days 0.05 0.0 201.5 | 0.10 101.8
8 daya 1.0 | 0.0 98.0 | 0.15 102.6
12 days 2,50 i 0.25 91.1 I 0.23 106.7
15 days 3.36 | 0.2¢ 95,9 0.30 100.0
19 days 2.70 i 0.90 85,9 | 1.02 105.3
22 days 3.46 | 3.12 11009 | 3.35 95.0

Congiderations.

A8 a result of observing the state of cultivation of piricularia
oryzase bacteria which were planted in a thiamine-free syrthetic culture

modium, it was found that generally the growth of the bacteria in the
thiamine-free culture medium was poor in most cases., However, 9 strains,
including atraina Nos. 1 and 2 from Hokksido University, strainas 5330,
5515, 5527, 5528, and 5535 from the National Institute of Agricultural
Sciepced, and straina CO-homo and SO-homo from the agricultural faculty

of the Tokyo University of Agriculture anud Technology, grew comparatively
well in & synthetic, thiamine-iree culture medium.

It is possible to classify into groups which grow in a thiamine-
free synthetic cul “ure medium and groups which will not grov in such a

-8 -
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gedium, but this fact indicates that there is considerable difference
in tbe amount Qf thiamine required, and the above nine Strains hardly
require any thiecxzine at all. CO-homo and SO-homo require biotin (8). -

Next, as a result of studying the conditions of cultivation when
the bacteria were grown in a thiamine-f{ree synthetic culture medium to
which lmg/l of nicotinic acid was added, it was found that reproduction
is in general poor and that nicotinic acid cannot be substituted for
thiaminc. However, eight strains, Nos. 5414, 5418, 5327, 5415, 5516,
and 5522 of the National Institute of Agricultural Sciences and strains
425 and A3G of the Chugoku Agricultural Tes:i Station reproduced rather
well in a culture mediwn to which nicotinic acid was added, and the
other strains absolutely require thiamine. Thus, it is completely
unclear under what procedure nicotinic acid can be substituted for
thiamine, but we can surmise that there is some relationship between
thiazine and nicotinie acid.

In order to understand the above more extensively, groups which
did not require thiamine were cultivated in a thiamine-free synthetic
culture medium and their state of growth observed. Also, a bicussay was
made to determine whether nicotinic acid was produced in the culture
filtrate. W.A. Krehl (9) and P.H. Sarett (1o§ conclude that when deter-
mining nicotinic acid by bioassay, Leucorostoc mesenteroides should be
employed in estimating only free nicotinic acid, since Lactobacillus

arabinosus employs the bond types of nicotinic acid amide, nicetinuric

acid and co-enzyme I in the same way as free nicotinic acid.

We consulted the results of these tests, and in order to estimate
the amount of frec and bonded nicotinic acid and the ratio of the con-
tents, we employed bhoth strains and conducted the tests whose results
are shown in Table 3. We found that all eight strains produced 0.17 -
2.91 7/ml of free nicotinic acid and from the estimated values of two
types of lactic acid bacteria we found that the bond types produce
hardly any nicotinic acid in the culture filtrates. Thus, the produc~
tion of nicotinic acid in these bacteria groups which do not require
thiamine was clear, but when piricularia oryzae, which does not require
thiamine, was cultivated in a complete synthetic culture medium to
wvhich thiamine was added, we obtained the results shown in Table 4 on
testing whether or not nicotinic acid is produced.

According to these results, strains such as the Institute of
Agricultural Sciences' 5420, 5514, 5517 and 5526 produce more than one
¥/ml, and the other strains produce more than 0,11 7/ml of nictinic
acid. All strains employed produced nicotinic acid, but we believe
that no bond types were produced at all. An interesting fact is that
the production of about 0.1 to 2.9 mg/l of nicotinic acid is probably
due to the pirijcularia orvzac requiring at least 1 mg/1 of thiamine.
The strains in which thiamine can be substituted by nicotinic acid
probably require an identical amount of nicotinic acid as the sthers
do thiamine,
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Table 5 show. the results of estimating the amount of njicotiuic
acid produced in the cuiture filtrete and tae weight of the mycelia

which were weighed at differeat times, for atrain No, 1 of the Agri-
culture Faculty of Hokkaido University

¥. and strain SO-homo which nro-
duces u relatively luryre uizount of nicotinic acid, Both strains ‘Jo. 1
and SO-homo produce very little nicotinic acaid during the period of
accelerated growth of uwycelia, but ut the cad of the growth period it
is produced rapidly.

TABLE 6, CLASSISICATION OF MYCZLIA O PIRICULARIA ORYZAE
. "'“*'F SR B
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N . N
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Legend:

(1) Group with thiawine as essential elcment; (2) group which grows
without tbiamine; (3)
tuted for thiamine; é

roup in which nicotinic acid cannot be substi-
tuted for thiamine;

4) group iam which nicotinic acid can be substi-
5) group requiring biotin; (6) group which grovws
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without biotin; (7) nitric acid reducibility (-) group; (8) nitric acid
reducibility (+) group; (9) type 11; (10) type 12; (lls,type 13;
(12) 5527 (close to CII); (13) group which does not cuiploy NaNOs as
nitrogen source; (14) group which employs NaNOs as nitrogen source;
§15a) inulin (+); (15b) inulin (-); (15c) inulin (+); (15d) inulin (-);
16) sorbose; (17) group employing tryptophane as nitrogen source; (185
group which does not cmploy tryptophane as nitrogen source; (19) 1.
auabers in { ) reler to classification of National Institute of Agri-
cultural Sciences. O0f these, those marked with * are resclts of 1955.
the others are rosults of 1956. 2. 05518 is not well understood.

As shown abcve, the fact that there is a considerable differ-
cnce in the amount of thiacmine required and that there are groups in
which nicotinic acid can be used in place of thiamine provides an
important clue to classification and for this reason, as shown in
Table 6, we have revised the classification table given in Report 10
(No. IV). As is clear from Table 6, the nine strains which do not
require thiamine can further be divided into two groups according to
difference in requirement of biotin {types 12 and 13). Ve classified
as type 11, those groups in which nicotinic acid can be substituted
for thiamine. The other groups are as in Report 10 (No. IV).

Summary. u\TM~»m “,Qf"\ - i ;
We obtained the following results using 47, strains of piricularia
- oryzae whieh were cultivated in a thiamine-free synthetic culture medium,

and in a synthetic medium to which nicotinic acid was added.

() We establisied that nine strains reproduced rather well in a
thiamine-free syathetic mediwz, and tivet these strains produce 0.17-
2.91/Y/dl of nicotinic acid in the culture filtrates. The other strains
require thiamine.

42) It was shown that there is excellent growth of piriculuria
oryzac in general in a complete synthetic medium to which thiamine has
been added. Also, eight strains developed relatively well in a medium
to which nicotinic acid was added in place of thiamine, and we- edta-"
blished that nicotinic acid can be employed here as a substitute for
thiamine. . ‘ ’

. s /

(8)-We_cultivated strains vhich reguire thiamine in a complete
culture medium to which thHiamine was added, and found that from 0.1l to
2.64 {Y /ml of nicotinic acid was produced. ;

' : PR S e
(4) On the basis of the above facta, wo huve-revised ouf,system
of biochemical classification of piricularia g;xgaerinto 13 types. ¢
PRI ~o e
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for furnisiiing us with the strains of piricularia orvzae. We are
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