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BRIOCHEMICAL STUDIES ON THE RICL BLAST DISEASE
(PART 10) BIOCHEMICAL CLASSIFICATION OF
PIRICULARTA ORYZAE CAVARA (NO 7)
REGARDING THE PRODUCTION OF
VITAMIN B GROUP BY P,0.C,

- Japan -

(Following is & translation of an article by
Otsuka, Hotoshi in the Japanese-language jour=
nal Agr. Chem. Soc, Japan Journ., Vol 33,
19597, pages 1013-1018. ]

Biotine and thiamine are indispensable elements of
the growth of Piricularia oryzae cavara (hereafter referred
to as P.o.c.) in general. This has been the topic of our
intensive study with respect to the 47 stock=cultures. To
summarize the results, 2 stock-cultures were found to propa-
gate fairly well on tne biotine-free synthetic culture med-
ium (1), and they were also found nnt io possess any biotine
formation capacity (2)., O{ the 47 stock-cultures, 38 needed
thiamine, while the remaining 9 siock-cultures propagated
fairly well on the thiamine~frec synthetic culture medium,
In general, thiamine cannot be replaced by nicotinic acid,
but 8 out of the 38 afore-mentimned stock-cultures propagat-
ed well on the nicotinic acid-added cultiure medium, Further-

- more, both thiamine-depcndeni and non-dcpendent stock-cul-

tures were found capable of producing nicotinic acid of the
free type (3). The present study deals with the case of cul-
tivating the thiamine non-dependent stock-cultures (hereafter
to be called B group stock-culture) in the thiamine-free
culture medium and with the case of cultivating the nicotinic
acid-dependent stock-culture (hereafter to be called C group
stock-culture) in the thiamine-free culture medium containe
ing nicotinic acid. It was a plausible hypothesis that the
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stock=-cultures in these cases mizhi produce thiamine, This,
however, was not confirmed bv the hioassav analysis. In view
of the fact that the vitamir B proup, in nddition to biotine
and thiamine, plays an irrortant role in the metabolism of
microorganisms, we have 1uvestizated the problem of whether
the P,o.¢. produces such vitam'ns, Resulis of our exneri-
ment indicate that the P.o.c. produces rihoflavin, folic
acid, pantothenic acid and the viitamin Bg group, We have

also conducted 12 experimcnts in order to study the differ-

ences in metabolism as & function of difforontial need of
biotine and thiamine,

and the results are reported below,

Experiment

1) The P.o.c. used in the c¢xperiment: the same
stock-cultures that were used in the previous experiments.

2) Previous cultivation:

As described in Pt, 10
(No 1).

3) Culture medium:

Synthetic culture medium used
as a basis.

4) Determination of thiamine quantity: The determin-
ation of the amount of thiamine (of or its absence) was per-

formed by the bioassay technique of using Lactobacillus fer-
menti ATCC 9338.

The operation of bioassay as usual depend-
ed on the method of nephelometry that measures the cultivat-

ing solution (2 ml) after 16 hours' cultivation at 37° by
means of photo-electric colorimeter,

The composition of the culture medium used in the

bioassay analysis and the reference standard line are pre-
sented in Table 1 and Fig. 1 respectively.

5) Examination of thiamine-formation capacity: 50
ml of each stock-culture was transfcerred as specified below
into 100 ml flasks which were inoculated and cultivated for
14 days at 25°, and then subjected to the determination of
thiamine quantity in the bacteria and the cultivating solu-
tion:

thiamine-dependent stock-culture into a complete (non
deficient) culture redium,

thiamine-nnn-.dependent stock-cul-
ture into thiamine-fre¢e culture medium,

and thiamine-non-
dependent but nicotinic acid-dependent stock-culture into

thiamine-free but nicotinic acid-containing culture medium,
Surviving bacteria were ground and added to 1/10 N-sulfuric
acid of 15 times quantity, which was then decomposed for 30
min. on the boiling water (pH less than 1.5), and, upon
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Table 1

The composition of bhasic culture medium used
in thianine binassay

DERLY free a4 KGUNYS (T.N12°, 0

X x# 10ml
&) vrr v 20 mg  Falic acid Y
NrVFrrrv 20mg 7 ¥a v-HS0¢ lai:
HIRrILY 200y My a v-HCI 2o,
IR X 24 | 200y 02 20 A tmyg
)Y Fary~n-HCI200y " Pvey 2mg
7)¢9 P v-HCl 200y /s = =x 2

P-Amino-bensoic  ggy'K-7 42~ ig

Ca-Pantothenste 2007 A N®* Y ¢ 2mi
Hexrry 27y B m* 2ml

,‘){ ® AN KHPOSg, KHPO, Sg cABRE MR 10 mi

Y.
® B Mg80,THO Ig, FeSO,:THO 0.1g, MaNO,-
HO0lg KC101g CENACER 100ml ¢ .

[Legend:] 1) 10 ml of 10% solutinn of bio-
tine free casein hydrolytic product (T.N,
1.28%); 2) Cystine; 3) Tryptophane; 4)
Riboflavin; 5) nicotinic acid; 6) Pyri-
doxal-HCl; 7) Pyridoxin-HCl; 8) Biotine;
9) adenine-; 10) Guanire; 11) Uracil;
12) Xanthine; 13) Glucose; 14) K-ace-
tate; 15) A solution: Add distilled water
to make 100 ml to KHoPO,57 and K2HPO45g;

B solution: Add distilled water to make 100
ml into MgSO4:7H20 2g, FeSO4°7Hg0 0,1g, MnSO4
*4H,0 0.1g, and KC1 O.1g.

%
R IERT!
. G0l 402 A o8 0.08
. (wimD - y/3ml)
' Pollc acid PA ) Thlamine-HCI P
) (¥
“ .
d . &
S ¢ o1 . .
. .
15 = ) ™ v
(w3 ml: {(yIml)

AFig:wli ‘Standard reference curve for Vitamin %

Group
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coo}ing, the pH level was raisced to 4.5 by adding 4N-sodium
gcetate solution, To the resulting solution was added 10%
takadiastase. The solution was left overnight at 37°. The

PH level was than adjusted to 6.5 and the solution was file
tered. It was now subjectcd to quantjtative analysis upon
being properly diluted (4). The cultivating solution was

first diluted and examined as it was. The results are shown
in Table 2.

Table 2

Bacteria weight and thiamine quantity on various
cultivating soils

. 0 4 1 3% oY 5 m.\ WE/ 3] ;
bu B Mo g O AT B kit 0wt P xwn o B mure

ke ®7iv BOSY LY D470 UEHDP RPTIY RO>T L
No.11 V. (8) (my/mi L& (¢ “eyy Teviiig By v ()
oh Raommus 0206 5893 27.97 1610  44.07  —5.93* . 86.57
§52b » 0.4155  393.7% 19. 68 22.88 42.56 -7.44 0
5425 :? ”- 0.1222 707.80 35.39 10.28 45.67 -4, 33 giog .
No.1 £ ¢ v &MBNO0. 2487 0.0 0.0 0.63 0.63 +0.63¢ - 2.51
5330 ” - 0.2703 " " on 0.11 . +0.11 . 0.39
5527 » 0.1028 " " 0.15 0.15 -+0.15 1.44
8535 5,0 ¥ . 0.0260 " " 0.00 000 ° 00 .- 00
7ivRazy’
1 T A 0.1384 L " 0.35 0.35 +-0.35 2.56
. 38 ” 0. 0909 " " 0.34 0.34 +0.34 . 286
5415 .» - 0.1203 b " 0.14 0.14 - +0.14 .. 1.10
gzo » - 0.0507 ] ] 0.25 0.2 +0.25 4.87
* ~RARPERARRRBRLEPY LY, +BN T ERLEPT LV 4 0. ™ X ARMMIRS '

(6) TONOLHULBHORE  /IMLPMLRY i+ It 6 WAL ARG (FA =2 2%)

71¥ ly/ml tqﬁ.

o —— ¢ . e serme e

[Legend:] 1) Stock-cultures; 2) Types of
culture medium; 3) Complete synthetic cul-
ture medium; 4) thiamine-free synthetic cul-
ture medium; 5) thiamine-free, nicotinic
acid-containing synthesized culture medium;

6) weight of dry bacteria; 7) thiamine
quantity in the cultivating filtered solution;
8) thiamine quantity in 50 ml of cultivating
solution; 9) thiamine quantity in the total
bacteria; 10) the total thiamine guantity in
both the cultivating solution and the bacteria;
11) thiamine quantity either lost or produced
per 1 g; 12) thiamine quantity in 1 g of dry
bacteria; 13) =* " " indicates either loss or
destruction of thiamine; " " 1indicates the thi-
amine produced during cultivation; ** the com-
plete synthesized culture medium includes 1
7/ml of thiamine.
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6) Determination of the other vitamin B group: six
represcentative stock-cultures showiny biochemical differences
were inoculated in the synthesized culture medium (2% glue
cose) and cultivated for 14 day§ at 25°. This was then filt=
ered and, upon dilution, served as experimental material.

(a) Quantitative determination of riboflavin: We
depended on the bioassay method that uses Lact. casei ATCC
7469, The bioassay technique was the usuanl acidimetric
method that titrated 2 ml of the cultivating solution with
1/20 N-NaOH after 72 hours' cultivation at 37°., The compo-
sivion of the culture medium was that of Table 1, except
that vitamin-free casein hydrolytic products and riboflavin
were replaced by Difco's casamino acids (vitamin free) 1 g,
thiamine 2007 , and K-acetate 4 g. The standard reference
curves are shown in Fig. 1.

(b) Pantothenicacid: We relied on the nephelometric
bioassay technique that utilizing Lact. arabinosus ATCC 8014
measured 2 ml of the cultivating solution after 16 hours'
cultivation at 37° by means of photo-electric colorimeter.
The culture medium consisted of the riboflavin basic cultia-
vating soil with Ca-pentothenate replsced by riboflavin 20017
and K-acetate 1 g. The reference curve is shown in Table 1,

(c) Quantitative determination of folic acid: We re-
lied on the nephelometric bioassay technique which measured
2 ml of the cultivating solution after 16 hours' cultivation
at 37° by means of photoelectric colorimeter (Coleman made)
using Streptococcus faecalis AtCC 8043. The composition of
the basic culture medium was as shown in Table 1 except that
vitamin-free casein hydrolytic products, folic acid, K-ace-
tate, A-solution and B-solution were removed and replaced by
1l g of Difco's casamino acid (vitamin free), thiamine-HC1
2001, K-acetate 0,3 g, K-citrate 1 g, KHgPC4q 1 g and inor-
ganic salt solution* 2 ml, [See Notei.

([Note}: 1Inorganic salts solution: Distilled water
was added to make 100 ml to MzS0,7Hp0 8 g, FeSO4 7H90 0.4 g,
MnSO4°4H20 1.6 g and KC1 0.4 ¢,

(d) Quantitative determination of Vitamin Bg fgroup:
We relied on the bioassay techniamuec that determined the total
quantity of pyridoxine, pyridoxal, and pyridoxamine using
Saccharomyces carlsberrensis ATCC 9030, That is, it was a
nepheclometric method of measurir< & nl of the cultivating so=-
lution by means of photoclectiric ¢nlorimeter after cultivate
ing at 20° slope for 16 hours at 30° (5, 6).

- D -




o

-
—

Table 3 gives tlrcomposi'ion of the basic culture me-
dium, while the standard ralcerence curve is given in Fig, 1,
Quantitative dotermination of vitanin in the filtered culti=-
vating solution gave the rrsults that are shown in Table 4

. Table 3
vE
. Composition of the basic cultivating solution
.- for vitamin By group
PE
%—- Casamino acids vitamin free (Difco) 0.8¢
1 Uras -2 10g, s+ ¥ 2y
E NLIVEI=A

Smg, HRNTEM® aml

Damep vl 60y, N2 avRENE®™ 1vml

wLazPantothenats. §00 7, DEMREEA 100mI -+

WY CV——al ST (pH S

Q* EmARRR 1 KH,PO, &3, KCI u.. CaCly TH,T1 0.9
€ MgO,-THO b.8g. PuCl, 8.0, MaBO,.(H,00.01
S EERYRR WO 2 7.
)% SavERAR 1 K-Citrate Mg, Z2avR 83 XAL R

A W=y,

ity et

P

[Legend:] 1) Glucose; 2) inositol; 3) ‘
nicotinic acid; 4) thiamine; 5) biotine; X
6) inorganic salts solution; 7) citric '
acid buffer solution; B8) add distilled wa-
ter to make 100 ml.; 9) inorganic salts sBo- :
lution: add distilled water to make 100 ml t
into KHoPO4 2.2 g, KC1 1.7 g, CaClyp-2H0 0.5 g
MgSOg4 - 7!120 ¢.5 g, FeClz 0.01 g, MnSO4°4Ho0 0.01
g; 10) "citric acid buffer solution: add dis-

tilled water to make 100 ml into K-citrate 1C
g and citric acid 2 g.

o PN g

R

Rl

Table 4

o b

Produced quantities of vitamin 56

# ¢ vBy
O:J;fir:;-»g’@u *7
YR ¥, YFee 3¢y
unan Giw = ¢x ¥e (o100 Ly oo
rivge) mh)
(9100 ml)
Mde w1 128 13 169
Py 195.6 3.9 165  6.60 !
532 I1M.2 - 100 68 9.3
8516 na 3 120 1.3
5% ®9 - 1.9 138 370
Ne.1 9.9 80 343 315

[Legend:] 1) Stock-cultures that were used;
2) pantothenic acid; 3) vitamin Bg group
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(pyridoxin, pyridoxal, and nyridoxamine all to-
gether); 4) 1riboflavin; 5) folic acid.

7) Other experiments: Three kinds of synthesized
culture medium (2% glucose) werc vrepared by adding 1 177, !
51/1 and 251/1 respectively. Furthermore, 501/ml, 1001/ml
and 2501/ml each of aspartic acid was added to the 1i/1 bio-
tine-added cultivating soil. 50 ml cach of these prepara-
tions was transferred each to a 100 ml wrianpular flask,
which after sterilization was innculnted cither by Py or No
1 and cultivated for 14 days at 25°, The quantity of nico-
tinic acid produced and the bacteria weight (after drying) f
were determined by the bioassay quantitalive method of using
Leuc. mesemteroides and Lact. arabinosus (3). The results
are presented in Table 5,

Table 5

Bacteria weight and the quantity of nicotinic
produced acid as a function ol increasing
amounts of biotine and aspartic acid addition

@ =7+ YRERE (my/mi)

B —
oW & % B 1 "L) Lewe. mesenteveldes Lact. orebinesws
N X SO

Rerey 190 0.1010 250 230

. ] [ 3 0. 2070 250 30

P " 2B © 0.2290 460 840

1) eV 19/l +L=-TRAASN¥ YR E0-/ml (1320 250 220

s +> » 100 - 0 1450 350 230

" + » 250 0 1500 300 70

exrey 190 0 1140 130 70

) |- 3 Q. 2020 610 590

No.l » 36« [ 0. 2035 640 490

01 Capy 1ol +L-7RAS ¥ R B0 /ml  0.2100 630 70

» + » " 0 2320 S00 850

" + M 250 01550 210 130

@ REERNROIP IO YEORVRUNEERT S TRRLL

[Legend:] 1) Stock-cultures; 2) composi-

tion of the culture medium; 3) biotine: 4)
aspartic acid; 5) wecight of dried bacteria;
6) the quantity of nicotinic acid produced;

7) *indicates the quantiiy to be added to e
the complete synthesized culture medium tnat .
is freecd of biotine.

Glucose, Le-glutamic acid and L-aspartic acid 2% each
were added as carbon source to preparc a synthesized culti-
vating soil, 5 ml each of which was sterilized and inoculated

-7-




with No 1 of A group stock-culture, Co-komo of B zroup and
No 188«hetero and P, of D aroup, Thev were then cultivated
for 14 days at 25°,“and the wei-ht of dricd bacteria and the
amount of carbon source consumed were determined. The re-
sults are given in Table G,

Tahle 6

Bacteria weight and the cxtent of carbon consumption

B : BRWO B © 100 O it @ RN 0 QEIT '
ONXRE QE M - g AT A ErE B RQ'_*_’_R_&Q
. (mg/80  (rwefS0  (mye/50 J ®
 ml) mi; mi, % @®) mEmnz (x
No. 1 960 5.8 7142 74.40  0.0430 - 0.0602
®r & = = x|Cotomo " 6.3 573.7  59.76  0,0320 0.0558
4 No.188-hetero 50,6  100.6 42,67  0.0260 0.0635
Ps .. 185.5  774.5  80.68  0.0375 0.0484
i, W0 it s me swm e
omo ] 676. . s N .
RL-# & 2 ¢ VRN 1a8-hetero ¥ 604.0  486.0  44.59  0.0150 0. 0309
) Py " 1720 6180 66.70  0.0170 0.0275
i, M T8y me an dom  so
» . . . . o
DL-7249 ¥ Y MiN, 168-baterc 787.0  616.0  43.91  0.0098 0.0159
. v

664.0 739.0 52.67 0. 00%8 '0.0133

]

[Legend:] 1) carbon sources; 2) glucose;
3) L-glutamic acid; - 4) Le-aspartic acid;

5) the amount of carbon sources before cult-
ivation; 6) the amount of carbon sources
after cultivation; 7) the amount of carbon
source consumed; 8) the consumption rate of
carbon sources; 9) the weight of dried bac-
teria; 10) bacteria weight; 11) amount of
carbon source consumed; 12) stock-cultures.

: The quantitative determination was carried out by the
bioassay technique of acidity titration that used Lact. ara-
binosus ATCC 8014 for L-glutamic acid and Leuc. mesenteroid-
es ATCC 8042 for L-aspartic acid (7). Glucose determination
was by the method of Mioro-Bertrand.

Discussion

As is sclf-gvident from Table 2, when D group stock-
culture (biotine- and thiaminc-dependent) is cultivated in
the complete culture medium (thiamine 11/ml is contained)
for 14 days at 25°, we notice 20.54 - 47,75% of the added
thiamine to have been transferred into the bacteria, 39.36 -
70.78% to be remaining in the cultivating soil and 8.9-14.88%

-8-



to have been lost or decomposnd during cultivation, Approx-
imately 55.05 « 84,001 of thiaminc per 1 g of surviving
bacteria weight (dried) remains in th2 bacteria, which serves
as a reminder to be cautious in deeciding on the culture medi-
un for P.o.c.

B ¢roup stock-cultwre (thinmine-non-depencdent) and C
group stock-culture (thiarminec-non-dependent but nicotnic a-
cid-dependent) were cultivated in the thiamine-free and the
thiamine-free, nicotinic acid-added culture media, respec-
tively, and they were found to grow, though the extent of
rrowth was far less compared to the growth in the complete
culturc medium., In these culture media, they were found not
to produce thiaminec by thcmselves,

As shown in Table 4, the 6 stock-cultures used in the
experiment produced such substances as riboflavin, pantothen-
ic acid, vitamin Bg group and folic acid. The roles these
substances play in the metabolism of micro-organisms vary:
riboflavin acts as & ycllow cnzyme in the process ol oxida-
tion and reduction, pantothcnic acid acts as coenzyme A or
somc such other, vitamin Bg group piays the role of a coenzy-
me in the metabolism of amino acid (transamination in par-
ticular), folic acid, on the other hand, also plays an im=-
portant role in the metabolism of nucleic acid and tyrosin.

It is quite conceivable that the capacity for the
vitamin Bg group exists in the P.o.c. and is relsted in an
important way to the mctabolism is in microorganisms.

Thiamine is closely and significantly related to me-
tabolism in the form of co-carboxvlase; the foregoing re-
sults, however, seem to indicate a course of metabolic par-
ticipation for B and C group stock-culturcs that is different
from that for D group.

It was for this rcason that we cxamined the extent of
consumption ol carbon sources such as glucose, L-glutamic
acid and L-aspartic acid in Pg and No 188-hetero of D groun,
No 1 of A groun (No 1 posscsses sonce ol the characteristics
of B group) and in Co-homo of B roup, As shown in Table
6, with L-glutamic acid and L-aspartic acid, No 1 of A group
and Co-homo of B group show a freater value (ratio) for the
bacteria weight/carbon consumption rate than No 188-hereto
of D group. 1In other words, both A and B groups stock-cul-
tures show a greater amount ol bacieria weight increase than
D group when L-glutamic acid and L-aspartic acid are usecd as
carbon sources; thus A and B groups show a greater degree
of efficiency.




Hewever, the metabolic process based on L-glutamic
acid and L-aspartic acid is far less efficient compared to
the regular metabolic process of P.o,c¢., that is that based
on glucose, as is clearly revenled by ithe examination of the
column for bacteria weight/carbon consumption quantity.

As for the role of thiamine in the metabolism of P.o.c.
further study seems to be in order.

In the metabolism of microorganisms thiamine is known
to play variousg roles, including participation in the Wood-
Werkman reaction, By experimenting with enzymes of various
kinds, Rose and Nickerson (8) have shown that with the addi-
tion of increasing amounts of biotine to the culture medium
some stock-cultures show reduction in nicotinic acid forma-
tion, some show nc change at all, while otheir stock-cultures
show an increase, from this they have concluded that differ-
, } ent enzymes arc involved in the production of nicotinic acid,

Taking into consideration another fact, that biotine
is capable of transforming typrophane to foimyl kynurenine
(9, 10), it scems reasonable to suggest that biotine is in-
volved in the production of nicotinic acid from tryptophane
and also that with some enzymes, such as Neurospora (1l1),
tyrptophane is connected with the production of nicotinic
acid, while, in such enzymes as E. Coli and Bac. subtilis
(12), tryptophane is unrelated. 1In one of previous reports
we have coniirmed the production of nicotinic acid in the
P.o.c. In order to verify the rolec oI biotine inmcotinic
acid production, we¢ have rcoplicated the experiment of Rose
and Nickerson, As the results shown in Table § indicate, P2
of D g.oup stock=culture propacate well with the increased
addition of biotine, but shows no sign of sudden increase in
the production amount of nicotinic a-id.

In contrast, No 1 of A groun shows favorable propaga-
tion asnd an increasc in the productior amount of nicotinic
acid.

These facts Logether suzcest that biotine is clearly
related to nicotinic acid production in some P.o,c., stock-
cultures, while it i= not in others,

When the less-than-aderquate amount of biotine (P.o.c.
is known to nced 571/1 of biotine (123-13)) is compensated by
L-aspartic acid of 50, 160, 250 1/ml cach, P, showed no sign
of better growth commared in the case of ordinary smount of
biotine addition, whereas No 1 showed better growth than with
ordinary amount of biotine.

~ 10 -
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With the biotine-non depcndent A group (ex. No 1),
the effect of adding aspartic acid to the less than adequate
biotine is cnormous, while the same effect is almost absent
with the biotine-dependent D group (ex, Fp). It thus ap-
pears plausible that in the stock-cultures of P.o.c. biotine
plavs an important role even in the metabolic processes other
than the Wood-Werkman reactio...

L e i
-

The foregoing results are summarized in Tahle 7. Thera
seems to exist a noticeable difference between the metabolism
of the P.o.c. invelving biotine and thiamine, respectively.
Such difference seems to be related in an important way to
the degree of resistivity of P.o.c.*, which is the focus of
our investigation at present. [See note following page)

Table 7

Summary of cxperircntal results

Perr o xs@trvgm@rasr i vn. i
Onmn BRERTE WEKESa TRAILY
TRASKY sevREW ROHAR ‘

‘MoMR | 2 :
Ar® %@ s? @ x
ER - — *
D¥ P »P @~

@D° xmenbarsr. {

[Legend:] 1) Group stock-cultures; 2) Group; k
3) The effect of aspartic acid in the biotine )
free culture medium; 4) great; 5) 1little;

6) The amount of production of nicotinic acid .
resulting from the increased addition of biotine; N
7) large; 8) small; 9) The consumption ex- 3
teat of glutamic acid and aspartic acid; 10)
large: 11) small; 12) "indicates that ex-
periment has not been performed.

Summary

PUSURIIPERIN

Following results have been obtained from the experi-
ments with representative groups of P.o.c. on the formation
of vitamin B group.
~-1) “hen D group stock-culture (biotine and thiamine-
dependent) is cultivated in the complete culture medium,
{containing thiamine) for 14 days at 257, 39,36 « 70.78% . i
of the added thiamine remains in the cultivating solution, 5
and 20.54 - 47.75% transfers into the bacteria body, while ;
8,90 - 14.68% decomposes during cultivation. ‘
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([Note]: Findings at A<r. Res. Ctr, (16) and by Su-
zuki (17) suggest that our A i1d G uroups are relatively
harmless, while C and D groups arc very toxic and harmful,

"2) 'When B rrroun stock-culture (thiamine-non-depen-
dent) is cultivated in the thiamine={ree culture medium and
C group (thiamine-non-dependent, bui nicotinic acid-dcpen=
dent) in the thiamine-free but nicotinic acid~added culture
medium, they show no sign of thdiamire formatinn,

3) By cultivating the six representative stock-cul-
tures in the synthesized culture medium, it was confirmed
that riboflavin, pantothenic acid, folic acid and vitamin
Bg group wecre produced in the cultivating soluticn.

4A) Addition of aspa:itic acid toa A group stock-culture

(biotinc-non-denendent) in the biotine-free culture medium
resulted in beiter propagation than in the complete culture
medium, while such an effect of aspartic acid addition was
almost absent in the D group stock-culture.

8) A group stock-:ulture shows a greater extent of

consumption than B or D when glutamic acid and aspartic acid
are provided as carbon sources,
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