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INTRODUCTION

AsSIMILATION of disaccharides by the micro-organisms generally depends
upon the production of necessary hydrolytic enzymes. Non-utilization of
these complex sugars is usually associated with lack of such cnzymes.
Instances are known where the complex sugars may not be utilized by an
organism even though its hydrolytic products may support good growth.
Thus Margolin (1942) found that Syncephalastrum racernosum could utilize
the hydrolytic products of lactose (viz., glucose and galactose), but it was
incapable of using lactose. According to him the non-utilization of lactose
was due to the inability of that organism to synthesize lactase. Mandels
(1954), however, suspected that in some cases the disaccharides could be
assimilated even without being hydrolysed. He suggested that the spores
of the fungus Myrothecium verrucaria did not use sucrose through a hydro-
Iytic pathway. = Smith (1949) also obtained almost similar results with
Marasmius chordalis and according to him, this organism atlacked cellobiose
by a route that involved neither preliminary hydrolysis nor phosphorylation.
The observations of Smith (1949) and Mandels (1954) indicate the direct
utilization of disaccharides by some fungi, but such records of direct assimi-
lation of complex: sugars are rare. Hawker and Chaudhari (1946) reported
that the rate ofinversion of sucrose determined the amount of growth of
Podospora sp., Pyronema confluens and Chetomium cochliodes. 1t is thus
evident that not only the pathway of utilization of disaccharides may vary

with different fungi, but even their rate of assimilation may depend on the
rate of hydrolysis of the sugar.

.An attempt has, therefore, been made to undertake chromatographic
studies to establish the pathway of utilization (hydrolytic or non-hydrolytic)

of some common disaccharides (viz., sucrose, maltose and lactose) by three
leaf spot causing fungi.

MATERIALS AND METHODS

The three fungi, viz., Phyllosticta cycadina (Pass.), Phyllosticta arto-

carping (Syd. et Butl.) and Pestalotia mangifere (Butl.), which were responsible
274
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for the leaf spot diseases of Cycas revoluta, Artocarpus heterophyllus and
Mangifera indica respectively, were isolated from the infected leaves of the
above mentioned hosts. The methods of isolation, purification and sube
culturing were similar to those of Tandon and Bilgrami ( 1954). Asthana
and Hawker’s medium A* which has glucose as the only source of carbon
was selected as the basal medium. Glucose was replaced by different di-
saccharides and mixture of their hydrolytic products. Care was taken to
include the same amount of carbon (i.e., 2 gm. per 1,000 ml. in each case).
Pyrex glass wares and purest available chemicals were used. Fixed quantity
of medium (viz., 25 ml.) was taken in each 150 ml. conical flasks which were
fractionally sterilized by steaming for half an hour daily for three successive days,
Solutions containing these sugars were daily inoculated for 15 days with differ-
ent organisms by agar disc method of Garrett (1936). The fungal mat from
each set was filtered separately on the sixteenth day when one to fifteen days
old cultures were available. The calculated dry weight was used as the quanti-
tative measure for daily growth. The filtrate from each set was chromato-
graphically analysed to detect the presence of the sugars. The method de-
scribed by Ranjan er al. (1955) was used for this purpose. A circular piece
of Whatman filter-paper No. 1, diameter 27 cm. having 12 radial sectors
separated by 12 radial cuts was used. Drops of known volume (0-005 ml.)
were taken from the filtrate of each day and they were placed at the positions
located for this purpose (just above the numbers 1, 2, 3, ........ 10, etc.).
Sometimes index solutions of known sugars were also kept on the same chro-
matogram because this could facilitate the identification and comparison of
bands. After placing the drops, the chromatograms were run with z#-butanol-
acetic acid and water (4:1:5). For separation of glucose and galactose
(which gave a common band with the above solvent) n-butanol-pyridine and
water (60:40: 30) were used as the developing solvent. The chromatograms
had single paper wick (4x2cm.) and were run for about 7 hours in the
above solvent. They were then dried at room temperature for 2-3 hours
and were subsequently sprayed with a mixture of aniline-diphenyl amine
phosphate (5 volumes of 49( aniline, 5 volumes of 4% diphenyl amine and
1 volume of phosphoric acid). After spraying, the chromatograms were
left at room temperature for 3-4 hours and were then placed in an electric
oven at 110° C. for 90 seconds. The average Ry values of various sugars were
determined and they have been recorded in brackets at appropriate places
in the text. '

* KNO; 3-5 gm., dextrose 5-0 gm., ‘KH2P04 1-75 gm., MgS0,.7H,0 0-75 gm., distilled
water 1 litre. :
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The daily dry weight of these organisms on different disaccharides has
also been recorded and their growth has been compared with the growth
obtained on a mixture of corresponding monosaccharides, which were formed
by the hydrolysis of various disaccharides.

OBSERVATIONS

1. Assimilation of Sucrose (Rg 0-61).—Chromatographic analysis of a.ll
the three hosts showed the presence of this sugar as well as of its h.ydr.ophytlc
products (viz., glucose and fructose). Most of the fungi hydrolysc this sugar
before assimilation. Daily chromatographic analysis of the medium revealed
that the present organisms also utilized sucrose through a hydrolytic pathway.
The tate of conversion of sucrose, however, varied with the organisms. It
was observed that between 2nd and 3rd day, the two specics of Phyllo-
sticta converted the entire sucrose into a mixture of glucose (Ry 0-66) :1pci
fructose (Ry 0-69) and within that period it ( sucrose) totally lost its identity
in the medium. The same chromatograms also established that both these
fungi fully assimilated glucose, three days earlier than fructose. The hydro-
lysis rate of this sugar (viz., sucrose) by Pestalotia mangifere was much slower
because it could not be hydrolysed completely even upto 7th day. It was
also noticed that both the hydrolytic products of sucrose were simultancously
consumed on the 15th day.

The daily dry weight growth rate of these fungi on sucrose as well as
a mixture of its hydrolytic products is summarized in Table I.

Tt is evident from the table that growth rate of both the specics of Phyllo-
sticta increased upto 5th day but in each case there was a progressive fall from
the 6th day. The dry weight of P. cycadina increased upto 15th day while
that of P. artocarpina increased upto 16th day. Pestalotia mangifer@, how-
ever, did not show any growth upto 3rd day. Chromatographic analysis
of the medium had indicated that sucrose was not hydrolysed by Pestalotia
mengifere upto that day (3rd day). Table I also shows that the growth rate
of Pestalotia mangifere increased upto 6th day and then it decreased. The
dry weight of the organism, however, continued to increase upto the 16th
day. These organisms were also grown on a mixture of glucose and fructose
and it was observed that all the three fungi exhibited almost similar behaviour
on this mixture as on sucrose except for the fact that Pestalotia mangifere
which did not show any growth on sucrose upto 3rd day was capable of pro-
ducing mycelium from the 2nd day.

2. Assimilation of Maltose (Rs 0-55).—Maltose on hydrolysis yields
glucose only. Chromatographic analysis of the medium containing this

s
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sugar revealed the formation of glucose during its assimilation. The rate of
hydrolysis of maltose also varied with the organism. Culture medium inocu-
lated with P. cycadina showed the presence of glucose (Ry 0-66) on the 3rd
day but it disappeared on the 8th day. Traces of maltose were also observed
upto 8th day. In the medium on which P. arfocarpina was growing, the
formation of glucose was observed on the second day. In this case presence
of glucose was recorded upto 9th day, while that of maltose upto 7th day
only. The rate of hydrolysis of maltose by Pestalotia mangifere was very slow.
Glucose appeared on the 6th day, and persisted upto 11th day while maltose
was present only upto 10th day. During the process of assimilation of
maltose by these fungi, it was observed that besides'glucose one more sugar was
also formed in the medium. The Ry value of this band (band II) was 0-18
which indicated it to be maltotriose (an oligosaccharide) and it was suspected
that this sugar was synthesized during the hydrolysis of maltose. For further
confirmation of this band the chromatogram was sent to Professor K. V.
Giri* at Bangalore. Giri (1955) in a personal communication also agreed
that the particular band (band IIT) was of maltotriose.}

The daily dry weight of these organisms on maltose and its hydrolytic
product (glucose) is recorded in Table II.

Table II indicates that growth rate of both the species of Phyllosticta
increased upto 5th day, while that of Pestalotia mangifere continued to in-
crease upto 7th day. The dry weight of Phyllosticta cycadina and Pestalotia
mangifere increased upto 15th day. Phyllosticta artocarpina, however,
showed an increase in the dry weight upto 16th day. No growth of Pesta-
lotia mangifere was evident upto 3rd day. This appears to be connected with
delayed and slow hydrolysis of maltose by this fungus. A comparison of
growth of these organisms on maltose with that of glucose showed that all
the three organisms attained better mycelial growth on maltose than on
glucose. Chromatographic analysis of the medium containing glucose only
revealed that it was consumed in 9, 12, and 14 days by Phyllosticta cycadina,
P. artocarpina and Pestalotia mangifere tespectively.

3. Assimilation of Lactose (Ry 0-51).—Lactose has not been reported
to be present in plants. Hydrolysis of lactose with acids or lactase yields a
molecule each of glucose and galactose. Daily chromatographic analysis
of the medium showed that this sugar was not hydrolysed by any of the three

* Professor of Biochemistry, Indian Iastitute of Science, Bangalore-B.j

T In spite of best efforts, this sugar could not be obtained in synthetic form and it was, there-
fore, not possible to include it for detailed studies or to compare the band obtained with the band
of maltotriose,




TaBLE 11
.} and growth rate of Ph

ina, P. artocarpina and

sticta cycad

well as its hydrolytic product (glicose)

yllo

in mgm

dry weighrt (

Iy

i

Showing da

Pestalotia mangifer®e on maltose as

Davs

\?lﬂlﬂ

0N .
| S e]
1Y O & 00
) Tm] o
a0
AR
WOS N
l‘-
E 10 Q16 ey
!ﬂOOv—c
- = ~ 5 =
& PR QPom Qo
r-on oo St
S | %3 g5 28
o OLM?N O?XQO YO0 - O
K 1 O oy N l~r~~<mc'; o e o
— I~ i
. OlOON moooo O D
s o0 cu mwmm DS
= Egh oy
P Dmown 0N o cwvoo
~H < <o o
S FXwd gEes g£gid
p Smwo 00w cwvoo
> @0 © —t 0
= 28 SR w0 QN oo W
o 010 00 O oW S0
- - 0 00 & Moo a e
L (-cooor-q L-msr—c l@?\g'&*m
N e
o lc;c?u?o? ooow locooo
= © o o e 1S
w :nu::,-..cg m&:ﬂ g’%ggb
- c:_‘:c:lﬁc:l O.!:IQPA WO O 1y
it W m =] I~ &
Y fg gl IQ;%(NSI HC‘J:L\
P coon cwon QoW
i mno wmm
- ﬁmmm N - S
QlO?N ?C?l?l? O@ON
B RRVO I~ o4 Q3 00 CHwdD
o3 it ol P ot Tl
T emom  woen  ovow
\3 o0 3 e i en i o oNno®
OO oo Qee?
SOSD cooo Sooo
s T T
R oo N
o ©
4 qy *h L n ©
283y SBzy E&%3
= 8 I.L"QOO O o Q0
TEZE yEEZg  HEGS
lEwgs fEwgg |E™Ey
gﬁﬁ ‘ﬁ,ﬁc o kggnﬂ
S9088 §°°5E & © 3
] Qo ™
Sffee {fgoe S¥gee
NEBHN - =R R o o
by ful Q::»,:):,;..l—« §L"b"‘k
&ES&A §9%z2g T<Es
@%.,g S mmEE Shbzk
=k BEEm B0 WEM OO
SEERE JSE22 SFFES
IARSS TAASS TAATO
& o 3
R Remod Rroim




'

R. N. TanpoN AND K. S. BiLGrAMI

280

4,

gy N

3T ¢1 81 08 {88 83 :0€ &F ,&F 06 (€L 0L 09  ¢& 00 9s0)Je[ed pue 3sodn|3
: : v : : 1 yo axm i@ uo ayel YROIDH
o €0 ¢0 %0 60 {I1'l 91 0% 83 |38E ¢¢€ [¢¢ "Z% &€ BT 060 - 250]08] 0O 31 YIMoln
¢-g¢ 8:3¢ 9-1¢, 1-02 €% €9F T'FF €15 €8¢ 86 065 0-F76 ¢91 6 ¢ 00 ; as030e |28 pue ss00n|3
: ; ; : : : {30 eimyxiur wo "3n LI1p Lre
g-1¢ &-1€ 6'08  ¥:08 9:63 L83 9-.3 093 0-¥3 313 081 S¥l- 011 89 : 63 0:0 **  9sope] uo M Lp L[iEQ@
‘ ; “ ! . ‘ : —Daaf1 U DIOPOISIT
i ; H
g0 &1 03 |88 [ [ %9 [IL |GL gL |06 ;0300 |08 0-01]0F 00 asopoe[ed pue 350008
JO 9InXIW UO 9)el YIMOLD  F
10 1 ¢0 ‘L0 131 108 |23 1€ {0F :2:¢ {OL |19 |F%C |G¥% 0% | g€ 00 [** 9S0e|UO NI YROIY §
c:86  0°86  ©°96 9'P6  G-G6 | 68 I-€8| 0:9L: g-89 | 019  0:3S | 0-0¥ 0953 0OFI | 0% ;OO A asojoe[es pue 8s00n[3
m 30 axmxiur wo 34 Lip i@ 3
¢-0¢ | 06 . 66F 369 | 0°8% | 0-9p | €-€F | 3:0%  3-95 | S*08 | G-€F | P-LT | 0°BL  C-L | €€ |00 |7 9SOWE[UO 34 fip Ae@ 1
—DUF4DI04D DIIEFSOTIAY T
(<] L0 e 1 0-5 ¥ 1-¢ G- 09 08 G-g GFT | O°I1 | 06 c.g [+ 2% 00 vauom_mw pue asoon(g
JO 2IMIXIM UO 3Bl YlWwoly) ¥
v 30 €0 G0 L0 6-0 9.1 03 JRY A ¥ 0'qg 0L GG %S £:3 00 e 2s0310B[ uo el glmorr ¢
g¢8 068 €68 {018 | 0-6L| 9-9L | G+€L | 0-0L | 0-%9 | 0-9G | G-LP | 0+€€ | 0°3C | O-8T | &-F% | 00 asojoe[ed pue ss0on[3
JO sInixINL uo 1 LIp A[IE@  Z
2-8% | 3-8 | 0°88 | L-LE | 3-L8 | G-92 | 9-95 | O-FE | 0-@€ | €°63 | 093 | 0-03 | 0-€T | S*L | €8 | 0°0 |°° 9SOPE U0 4 Lip £ire@ 1
—ou1ppIds 031350118 F
YI9T | WCT | WPL | WIET | WL | WL | WOl | W6 mg | L ne | g | Wy | Pig pug | ISt
SAV(

sponposd AJ0dpLYy S11 Jo 24niXIMl D S J[aM SD 2501OD] 1O RISJIFUBRW BIIO[BISI

pup eurdiedolie g ‘eurpeoko eNsofjAyd fo 2wt yimold pup (wdwr up) 1y31om Lip Ajwp Suimoys
JSURESCAAR




Assimilation of Disaccharides by Some Fungi 281

-organisms and glucose or galactose were, therefore, not formed in the culture
~medium. The above results also established that lactose was finished on
9th and 12th day by Phyllosticta cycading and P, artocarpina respectively
while Pestalotia mangifere could not utilize all the lactose of the medium’
even in 15 days. The daily dry weight and growth rate of these organisms
on lactose and a mixture of its hydrolytic products is recorded in Table III.

It is evident from Table I that the growth rate of P. cycading
and P. artocarpina increased upto 5th and 7ih day respectively, while the rate
of growth of Pestalotia mangifere was never very high and was not signifi-
cantly different between 2nd and the 8th day. These fungi showed much
better growth on a mixture of glucose and galactose (hydrolytic products of
lactose) than on lactose. Chromatographic analysis of the medium contain-
ing this mixture revealed that all the three fungi assimilated glucose (Ry 0-67)
~one day earlier than galactose (Ry 0-65). Glucose was assimilated in 9, 11
and 13 days by P. cycadina, P. artocarpina and P. mangifere respectively.

DISCUsSION

Present investigations clearly showed that sucrose and maltose were good
carbon sources for all the three organisms. Similar results with these two
sugars were also obtained by Herrick (1940), Blank and Talley (1941), Cantino

(1949), Fergus (1952), Wolf (1953) and Agarwal (1955) for the fungi investj-

. gated by them. Daily chromatographic analysis of the medium indicated

that all the present fungi assimilated sucrose and maltose through a hydro-
lytic pathway. The resulls further showed that out of the two hydrolytic
products of sucrose, glucose was assimilated three days earlier than fructose
by the two species of Phyllosticra, though both glucose and fructose were
present in their hosts. Separate investigations by Bilgrami (1956) also con-
firmed these results and it was observed that both the species of Phyllosticta
gave better mycelial growth on glucose than on fructose.

Pestalotia mangifera differed from the two species of Phyllosticta, because
it was a slow hydrolysing fungus, and it consumed both the hydrolytic pro-
ducts of sucrose simultaneously. Hawker (1947) reported that the amount
of mycelium produced by Melanospora destruens was different when this fun-

gus was grown on sucrosc or on a mixture of glucose and fructose. Her

results indicated that it was not always essential that a complex carbohydrate

. (e.g., sucrose) or its hydrolytic products (e.g., mixture of glucose and fructose)

should always be equally good sources. The results obtained with the pre-

~.sent organisms differed from those of Hawker (1947). It was observed that

- there was no significant difference in dry weight of these fungi on sucrose or
on a mixture of its hydrolytic products. Records on daily rate of assimila-
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tion of sucrose had indicated that Pestalotia mangiferee showed slightly delayed
response on sucrose than on a mixture of glucose and fructose. It appears
that this may be due to delayed and slow activity of the enzyme invertase.
* Chromatographic analysis of the medium on which P. mangifere was growing
also confirmed that glucose and fructose were not formed in the culture
medium till 3rd day and growth appeared after that period. Thus it is also
clear that sucrose is not assimilated by these organisms till it is hydrolysed.
Pestalotia mangifere showed delayed response on maltose also, as the growth
of this fungus started on the 4th day, though glucose (hydrolytic product of
maltose) was detected in the medium on the 6th day. It appears that what-
ever glucose was formed on the 4th and 5th day was entirely taken up by this
organism, so that no trace was left in the medium and hence it could not be
detected chromatographically. The behaviour of lactose was different from
that of sucrose or maltose as it was not only a poor source of carbon, but was
assimilated through a non-hydrolytic pathway and in this respect the present
results seem to confirm the observations of Margolin (1942).

The present results also established that the different disaccharides may
differ in their behaviour, because it was clearly observed that the growth on
sucrose was similar, on maltose it was better and on lactose it was poorer
than on their hydrolytic products.

Chromatographic studies showed the presence of maltotriose (an oligo-
saccharide) which appears to have been synthesized during the process of
assimilation and which seems to play an important role in making maltose
a better carbon source than its hydrolytic product. It may be mentioned
that recently various workers, including Giri, Nigam and Srinivasan (1954)
as well as Buston and Jabbar (1954), have reported that various fungi could
play an important part in enzymic synthesis of oligosaccharides from di-
saccharides. The exact role of maltotriose in assimilation of maltose is,
however, not clearly understood by any investigator. The present investiga-
tions indicate that these fungi were capable of synthesizing oligosaccharide
;)nly from maltose and not from the other two disaccharides, viz., sucrose and
actose. '

SUMMARY

Phyllosticta cycadina, P. artocarpina and Pestalotia mangifere were iso-
lated from the leaf spot diseases of Cycas revoluta, Artocarpus heterophyllus
and Mangifera indica respectively. A detailed study of the assimilation of
sucrose, maltose and lactose by these organisms was undertaken. Sucrose
and maltose were assimilated through a hydrolytic pathway. Pestalotia
mangifere utilized both ghicose and fructose simultapeously, but the two
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species of Phyllosticta behaved differently and consumed glucose three days
before the other hydrolytic product of sucrose (viz., fructose). Synthesis
of an oligosaccharide (maltotriose) was recorded during the assimilation of
maltose. Lactose was used through a non-hydrolytic pathway and was found
to be a poor source but a mixture of its hydrolytic products supported good
growth.
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