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EFFECT OF TANNINS ON TIE)IE

GROWTH OF CHAETOMIUM
CUPREUMI
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ABSTRACT

Growth of Chaetomium Ctg)reum was maximum at pH 3, but in presence of tannins maximum
growth occurred at pH 4 and above, Myrobalan tannin 1gromoted growth at pH 5. Gallic acid
at 15 miM, tannic acid, ImM, wattle tannin, 0.3% and 12mM catechinwere most effective In
favouring growth. With glucose, the tannins enhanced mycelial ?rowth of the fungus. In pre-
sence of tannins, urea and sodium nitrate at 35 mM induced profuse %rowtw. Toxicity of Urea
and sodium nitrate declined In presence of tannins.  C. cupreum accumulated protein in wattle tan-
nin medium. Protein level declined in medium containine urea and sodium nitrate.

INTRODUCTION MATERIALS AND METHODS

Tannins are recalcitrant molecules C. cupreum Was cultured cn Gzapek’s-
and resist microbial attack. Condensed  Dox medium replacing sucrose with glu-
tannins are_more resistant than hydroly-  cose,  Solutions of wattle and myrobalan
sable tannins (Haslam, 1981) and are  tannins, catechin, gallic acid and tannic
toxic to a variety of microorganisms.  acid (first dissolved in 2-3 mL of aIcohoI%
However, a few fungt s\owlf degrade ta-  were prepared in water, sterilized throuq
nnins (Mahadevan, et al,, 982a%,_but I millipore filter, pore size 0.45 psePar_a_tey
presence of additional carbon or nitrogen  and aseptically added to the sterilized
source, tannins are readily oxidize %SI- medium to get the desired final concen-
vaswamy, 1982 : Mahadevan et al, tration. | |
1982b)." The additional carbon or nitro- C. cupreum was Inoculated into 100
?en source Induces coplous Gproductlon of  mL. medium using 8§ mm ms{cellal disc
annase (Nishira, 1962 ; Ganga et at obtained from Czapek’s-Dox plates. After
1977%. | | | 15 day Incubation at room temperature

y using enrichment techniques, we (ZQC%, the mycelium was filtered and dry

isolated Chaetomium cupreum from rice field — weight was measured. |
solls which utilized tannin derivatives. In To estimate mycelial protein, the

this paper, we report on the effect of model ~ mycalium was macerated with equal vo-
tannin- substances, carbon and nitrogen  lume (W/V% of Tris-HCl buffer,ﬁ 3.0, In
sources on the growth of C. cupreum. presence of acid washed sand. The ground
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mgcehum was centrifuged for 20 min at
3,000 ? The supernatant was collecte
and diluted twice. One mL of mycelial
extract was added to 2 mL of 10% TCA.
After 30 min, the solution was centrifuged
for 20 min at 3,000 g. The pellet was
dissolved In 15 mL of M/10 NaOH so-
lution.  Protein  was measured In 15
mL sample using Lowry’s method (Lowry
et al, 1951). Standards prepared from
povine serum albumin were used to pre-
nare a standard curve.

RESULTS

pH Influencing tannin activity :

~ Growth of C. cupreum In medium was
Influenced by pH. At pH 3, the growth of
C. cupreum Was maximum but not In pre-
sence of tannins (Table [11). Althou%h
tannins were Inhibitory at pH 3, growth
Improved at hl%her H. Gallic acid was
Inhibitory at both pH 3 and 7.

Tannin concentration and mycelial growth :

Gallic acid at 5 to 20 mM enhanced
the [qrowth of C. cupreum © 15 mM being
most effective. Tannic acld was mal-
kedly Inhibitory to growth (Table I1).

Wattle tannin promoted growth. Cat-
echin up to 12 mM promoted mycelial
growth and at 16 mM, reduced the
growth.

Effect of tannins with glucose

The fungus utilize g\ucose up 10 a
concn of 410,7 mM (Table II1). Wit
gallic acid, glucose at 166.7 mM" Inducec
maximum growth of C. cupreum but highe
concn of glucose reduced 1t.  Glucose
along with tannic acid Improved fungal
\%thh and 250 mM  was most effective,

ith wattle tannin, glucose, 250 mM
favoured substantial growth. Catechin
and glucose enhanced the growth of C
cupreum Which Increased up to 416.7 mM.

Tannin with nitrogen sources on C. cupreum :

Sodium nitrate promoted the growth
of C. cupreum up to a concentration of 150
mM, beyond which It was toxic. Urea was
toxic even at 70 mM. Surprisingly, to-
Xicity of urea with sodium nitrate decline
(Table 1V). Only at 150 mM, were the
combined nitrogen sources toxic to C.
cupreum.  With gallic acid, sodium ni-
trate at 150 mM favoured maximum
growth. Sodium nitrate and urea In

>

TABLE |
EFFECT OF pH ON THE GROWTH OF C. Clipreum

Catechin Wattle tannin ~~ Myrobalan tan-  Gallic acid

pH Control (12 mM) (0.3%) nin (0.3%) (15 mM)
Dry weight of mycelium (mg)

3 303 123 125 o 01
4 297 103 538 89 413
5 190 590 395 544 424
b 217 133 350 207 335
7 179 508 365 280 132
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TABLE |1
EFFECT OF TANNINS ON C. CUpYtlim
Gallic acid | Tannic acid Wattle tannin Catechin
Concn Dry weight ~ Concn Dry weight ~— Concn Dry weight ~ Concn  Dry weight
(MM) mg) (MM) (mg) (%) (o) (MM) (mg)
Control 205 Control 223 Control 187 Control 116
5 280 1 144 0.2 294 4 166
10 326 2 102 0.3 378 3 154
15 445 4 124 0,4 375 1 288
20 214 b 106 0.5 332 16 253
TABLE 111
EFFECT OF GLUCOSE AND TANNINS ON C. Cupreum
Concn of glucose Control Gallic acid Tannic acild ~ Wattle tannin Catechin
(MM) (15 mM) (1 mM) (0.3%) (12 mM)
Dry weight of mycelium (mg)
83.3 109 249 136 226 277
166.7 149 303 142 457 372
250.0 199 231 200 651 413
333.3 217 154 166 648 445
416.7 203 220 197 Not tested H54
presence of gallic acid Induced profuse  trate and 0.3% wattle tannin. Urea at
?rowtw at 35 mM but higher concentra- 35 mM promoted growth but was Inhi-
jons reduced 1t (Table IV). blto_ryat”_|?herconcentrat|ons. Urea ana
With tannic acid, the optimum con-  sodiim nitrate at 35 mM In presence of
centration of sodium nitrate for maximum  wattle tannin increased the growth of

ﬁ_rowth was 35 mM. [t was inhibitory at
igher concentration. Urea at 70 mM
with tannic acid caused 5 fold Increase
In growth However, urea and sodium
nitrate together Inhidited growth except
at 35 mM. |

Growth of C. cupreum Increased mat-
kealy with increasing concn of sodium ni-

lgher concentration was
toxic to growth.” In catechin medium
containing sodium nitrate of 35 mM,
growth of the fungus was maximum
and n hlgher concentration of nitrate,
it decreased. Growth Improved by 56%
In 35 mM urea and catechin medium.
Similarly, in 35 mM urea and sodium

C. cupreum and 1
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TABLE [V
EFFECT OF SODIUM NITRATE, UREA AND TANNINS ON C. CUprCUtn
Concn Treatment Control Gallic acid Tannic acid ~ Wattle tannin ~ Catechin
(mM) (15 mM) (1 mM) (0.3%) (12 mM)
Dry weight of mycelium (mg)
35 NaNQ3 149 228 236 h59 326
Jrea 128 80 299 145 218
NaNOg-f' Urea 149 294 293 246 192
70 NaNQa 155 222 189 516 290
Jrea 88 I h13 /8 80
NaNOst Urea 126 216 146 81 120
100 NaNC3 134 154 141 hal 178
Urea 93 34 175 92 08
NaNOs4 Urea 106 161 146 o] 91
150 NaNQ3 195 419 128 H91 181
Jrea 88 109 166 o/ 89
NaNOaJ~Urea 70 80 123 42 85
200 NaNO$ 157 322 9 — 169
Jrea 80 12 71 h3 86
NaNQg-fUrea [ 103 100 81 110

TABLE V
MYCELIAL PROTEIN OF C. CUPREUM

Treatment Control ~ Test
(mg. dry tissue-1)

A. WATTLE TANNIN (0.3%)

Medium 2,10 11.40
Medium-(- Sodium nitrate,

150 mM 440  8.10
Medium—Sodium  nitrate-J-

Urea, 35 mM 0.30  6.10
Medium-f-Urea-J- Sodium nitrate  — 0.93
Medium Glucose (4.5%) — 16.90

B. CATECHIN (12 mM]

Meaium 1260  1.50
Medium—Sodium nitrate-}-Urea 0.38  9.90
Medium—Urea Sodium nitrate 0.32  6.74

Protein estimated in 15 day old mycelium

nitrate and catechin, growth of the
fun%us_was more than In higher con-
centrations.

Mycelial protein of C. cupreum

C. cupreum accumulated protein In
medium cowtalnm? wattle tannin ana
45% of glucose ; the Increase was 48%
(Table V). But addition of sodium ni-
frate and urea substantially reduced the
protein level. In contrast,” protein level
declined when grown In catechin medi-
um.  Growing C. cupreum In urea an
catechin medium markedly Increased the
protein level In- mycelium by 4.5 fold.

DISCUSSION

A variety of microorganisms occur In
rice field Soils which utilize tannins
as carbon sources (Sivaswamy, 1982).
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C. cupreum 1solated from such a soil utl-
lized tannins.  Concentration 1S, however,
critical.  Myrobalan and wattle tannins
reduced thé growth of C. cupreum at con-
centrations higher than 0.4%. Generally,
phenols differ In their penetrating capa-
city and structure ofthe molecule profound-
ly “alters the penetrating capacity of the
molecule (Mahadevan, 1982)." At re-
duced concentration, tannins may enter
the cellular system and are metabolized.
But at h|?her concentrations they exert
a toxic action, primarily by forming sta-
ble complexes with proteins. By tanning
action several enzymes are inhibited b
tannins (Mahadevan, 19822_. Further, tan-
ning - exert @ non-sPem Ic denaturing
action on the cell walls. |

pH Influences the activity of tannins.
At pH 3, growth of C. cupreum Improved,
but at this pH, tannins were toxic. Toxi-
city of catechin, wattle tannin, myroba-
lari tannin and gallic acid declined with
an Increase In PH. pH of the medium
significantly Influences the oxidation-re~
duction potential of the molecule. Tan-
nins penetrate cells as neutral mole-
cules (Mahadevan, 1982)

Sambandam (1983) reported  that
catechin 1, 2-dioxygenase secreted by C.
cupreum Was active’In a gH range of 2 to

10 ; o,anma being 2to 3and 710 8. Ad-
mitted cY at a particular pH, tannase Is
Induced rapidly and the funqus effectivel
degrades and Utilizes tannin component
which 1S not reamll_}{ cleaved at other pH.

At reduced pH, tannins polymerize
and form quinones, since several phenols
form polgrrers In acid solution (Maha-
devan, 1982). The protein-tannins com-
Elexes formed at lower pH ranges are
roken readily by the changes in pH lea-
ding to regeneration of enzYmes. This
aspect lias an mterestlnc_‘ corollary. In an
acld soll, the tannins will be more toxic to

the microorganisms  that de?rade them
compared In soils with neutral pH, Fur-
thermore, with phenolic acids, It Is the
undissoclated acid form that Is most eff-
ective (Simon, 1950). Since the pH of
man?/ water-logged soils 1s neutral, these
would be fully dissociated and become
largely ineffective.

~ Carbon sources favour rapid produc-
tion of tannase (Nishira, 1962 ; Gang
et «/., 1977) which cleaves tannin, cul-
mmatln% In enhanced growth of the fun-
gus. Addition of glucose to the medium
In presence of tannins improved the ?rowth
of C. cupreum. Certain tannin_molecules
have no mobility in water. With the In-
troduction of sugar in the 3-position, the
mobility of the molecules Increases. Re-
moval of the carbon source from the
medium and Inactivation of extracellular
enzymes by tannins f‘ray Inactivate the
organism, which may metabolize the subs-
tances present In the milieu

Nitrogen sources also profoundly In-
fluence growth and tannase production
(Nishira, 1962).  According to Suseela
et al. (1978), urea and glutamic acid
favourec %row_th and tannase activity.
We found that In presence of sodium ni-
trate, both wattle tannin and catechin
markedly Increased the growth of C.
cupreum.” In presence of tannins, urea at
lower concentration  promoted  growth
but higher concentrations were toxic. Urea
forms precipitates with tannins (Simoncini
1961) and Increases the binding of tannins
with proteins gGusta_vson, 1962) reducing
the toxicity of tannins to mlcror?amsms.
The Protem precipitating power of tannins
s affected by the structure of molecule.
Introduction of hydroxyl groups decreased
the toxicity but nitrogroup Increased the
antimicrobial and protein-binding power
of tannins.
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