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.PRODUCTION OF ERGOT ALKALOIDS BY FERMENTATI@N
METHOD -
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~0apa01ty of three straing of the fungus, Claviceps purpures -to’ produoe ergot alkaloids from
synthetic media has been investigated. Of the three strainsgtudied, Claviceps purpurea recewed 2
from Prairie Regional Laboratory, Saskatoon, Canada gave high yields of ergot, alkaloids,. .The

* effect of different carbohydrates, nitrogen souftes’ and precursors on the production of ergot
alkaloids has been studied.” Highest yield (2-287 gm/]). of thé'total alkaloids has been obtainéd -
with maltose as a carbohydrate source, ammonium succinate as a nitrogen source and tryptophan
(500 mg/l) as a precursor.
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Ergot alkaloids are obtained commercially by extracting sclerotia of Clawiceps purpurea
parasitizing on rye (Secale cereale:Linn) plants. The other important species of this fungus
are C. paspali, C. microcephale, C. miscanthi -and C. syntherismae. ’I‘he*eﬁlka,lm&s have
also been isolated!—* from eertain other fungi and plants. ]

The most important of these atkaloids are ergometrlne and ergotamme ' The former

- finds use in oxytocic effect and ‘the latter in' migrdine, adrenoTytlc Hallucinogenic effect
ete. Studies on the effect of various factors on yislds of ergot ‘lkaloids have been ‘made.
by several workers 11 by artificial cultivation of this fungus on ‘rye. “Such  methods
of production of ergot alkaloids .are however uneconomical from commercial standpoint.

Production of these alkaloids by fermentation method has mterested many scientists! 2—18
and 20—25, however, it is still a virgin field of research. This paper describes. some of the
recent work carried out in this laboratory on the production of exgot alkaloids by fermenta-
‘tion. me}thod ' . e et
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MATERIALS AND METHODS - @ = » %

Strains—The following strains of Claviceps purpurea were studied. 3
‘ (a) C. purpurea R. 29 obtamed from Regmnal Research Laboratory, Jammu, .
S India e VT e
| b) C. purpurea obtained from National Chemlcal Laboratory, Poona, I'nd‘la
(c) C. purpurea PRL 1980 obtained from Pra1r1e Régional Laboratory, Saskatoon,
Canada. . . n SO,
The strains (@) and (¢) were maintained on potato dextrose,acar medlumeat pH 5-6.
The strain (b) was maintained on the medium consisting of dextrose bacto-peptone,
potassium dihydrogen phosphate magnesmm sulphate, ferrous- sulphate and ‘agar’ at pH
6-0.
Synthetic media—The various media used for productwn of ergot alkaloids_are, Tg'r.w.zen m
Appendix I. .
Conditions of fermentatwn——The fermentamon was carued'o b bystatlonary sarface’ 'culture
method. . . : oo . N . oy by

Estimation of ergot alkaloids—The total ergot alkaloids were eqtlmated using Vamu'k’s“’
reagent. The intensity of blue.colour developed was measured = colorimetrically:- ‘Fhe
mycelium and cclture filtrate were separated by straining. The total ergot- -abcaloid
content was estimated in the ¢ lture filtrate after drying at 40°C under vacnum and m'f(she
mycelium by drying it ab room temperature (32°% 2°0) : : "
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APPENDIX 1
MEDIA USED FOR PRODUCTION, OF ERGOT ALKALOIDS
Serial Ingredients of media per litre ' Serial Ingredients of media per litre
No, No.
et 6. Mannitol 50 gm
1.  Maltose 50 gm Succinic acid 6+8 gm
Glueoge 10 gm Potassium phosphate (monobasic) 1-0 gm
Yegst extract 5 gm o Magnesium sulphate 0-3 gm -
Asparagine 0-3 gm ‘Ferrous sulphate 18'mgm
Peptone Difco 6-0 gm ‘Zinc gulphate 4 mgm
Magnesium sulphate 1-0 gm

Potasgium phosphate (monobasic) 20 gm 7. Mannitol 50 gm
. Biotin 2:5 2g C . Ammonium succinate 8 gm
Potassium phosphate (monoba,aic_) 1-0 gm

2.  Mannitol 50-0 gm Magnesium sulphate 0-3 gm .
Glutamioc acid 10-0 gm Ferrous sulphate 5-0-mgm
Potageium phosphate (dibasic) 1-0 gm Caleium chloride 5-95 mgm
Mq,gp’asium sulphate 0-3 gm Zine sulphate 4-40 mgm

SR Manganese sulphate 2-75 mgm

3. - Ghiiose 500 gm - ' Sodium chloride 2-55 mgm

Yaaat 10:0 gm : . : Ammonium_molybdate 1-82 mgm

Biotin 5 g

4.  Mannitol 50 gm R

Sugrose 20 gm

Potassium phosphate (monobasic) 1 gm

Mrugnesiom sulphate 6+ 3gm

Manganese sulphate 8- 1-gm ' 8. Medium 24-tryptophan
" Ferrous sulphate 0-004 gm '

Suepinic acid 5-4 gm

5.  Maltose 50 gin

Bpgrose 10 gm B : .

Agparagine-1 gm ’ 9. Mediim 24-indoleacetic acid
Peptone 6 gm i
Magnesium sulphte 1 gm 1¢. Medium 7-4-tryptophan

3

Potassium phosphate (monobasic) 2 gm

Yield of mycelium—The yield of myceliem was calculated by drying a part of it to constant'
weight. hews 0
RESULTS AND DISCUSSIONS
The optimum conditions for growth of strains studied were found to be pH 56
for strains (a) and (c) and pH 6-0 for strain (b), temperature 24°C to 28°C and growth
period 35 days. The strain () grown on the different media (Appendix I) gave satisfactory
wth in almost all the media tried but pigmentation or alkaloid formation did not take
place. The strain (b) was grown on medium (7) only. It gave positive results. with
Vanurk’s reagent but the yields of ergot alkaloids were insignificant. The strain (c) was
also grown on medium®No. (7) and was found suitable for the production of ergot alka-
loids. In further studies on production of ergot alkaloids only the. strain (c) was used.
The capacity of this strain to. produce ergot alkaloids was studied uging medium. No. (7)
(containing mannitol as the carbon source) along with tryptophan or . phenylalanine as
precursors. The yields of mycelium and, total alkaloids formed under these conditions
are given in Table 1. Higher yields of alkaloids were obtained when tryptophan was

added as a_precursor in the medium. . ' e i
The effect of varyingthe carbon sources on the yield of alkaloids was studied by taking
various carbohydrates. The results are given in Table 2. The highest yield of ergot alka-
“lgids (323 mg/l) was obtained when maltose was used as a_carbohydrate. source. . The mix-
ﬁufxg of galactose and glucose (19 : 1) which was found as the best by Taber & Vining®! gaye
a yield of %07 mg/l. The lowest vield was obtained with galactose alone. (7 mg/l). Mannitol
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Taseud 1
YIBnp OF MYCELIUM AND ERGGT' ALKALOIDS
Clawiceps purpurea PRL 1980

Yield of mycelium and

culture filtrate in :
1L of original: - . Yield of alkaloids in
medium - . - <Total
L O - - alkaloids
Medium Wt. of dry Vol; of Mycelium Culture : Total . | - in1Lof
-myocelivn - culture filtrate -alkaloids | . fermented
filtrate in 1L of - medium
*i- original
. : . . S medium |
RO . -ml mg/gm..  mg/100. ml mg. mg,
Medium 7+ Tryptophan® - 18:0 1720 = 0-822 1-38% 24739 - .34-36
Medium 7+ Phenylalanine  20-32 726 0-493 0-945 16878 23.25
Fol R TABLE 2
ERFEQT OF DIFFERENT CARBOHYDRATES ON YIELDPS OF ERGOT ALKALOIDS .
: ! .. Caluiceps purpurea PRL 1980
Yield of mycelium Yield of alkaloids in
and culture filtrate .
in 1L of original medium . . . " Yield of
— total alka.
ot Wt of dey Vol. of | Mycelium Culture Tatal alka- | lods in one
Carbohydrate | mycelium culture filtrate. - loids in litre of
filtrate one litre of | - fermented
original medium
medium |
gm. ml. mg/gm. mg/100ml. mg. i mg.
Mannitol 1873 1788 0-274 . . o
Galactose . 2-03 850 0-247 0-644 5-975 7-08 .
Glucose ‘ 14-31 780 2:343 1:836.. .46-85. - 60-03."
Maltose 18-82 820 3-617 24413 . 264-64 322-7.
Galactose* 1685 820 3494 13:549 - 169-972 201-2
Glucose . :
Sucrose 16-38 800 0-370 0-689 11-67 14-59
Fructose 21-00 808 0-315 1 '014, - 14-808 ’ 18-33

*in ratio of 19 : 1

which has been shown to be advééﬁtageous By other workers!22 was found unsatisfactory
for-this strain, High-yields with maltose have not been: obtained in similar studies 121",

The study of varying the nitrogen sources was carried out using.maltose as a carbon
source in each case. The results are presented in Table 3." Highest yield of 2+287 gm,
of total alkaloids per litre of the fermerited mediuni has been obtained when ammonium
succinate is supplemented with tryptophan. Good results were obtained when yeast
extract or glutamic-acid were used as nitrogen sources.” No growth of the mycelium took
place when urea or tryptophan aloné wasused. ~Taber & Vining® has reported that trypto-
phan may not be'a desirable supplement for increasing the yield of “natural” alkaldids.
It does influence the course of indole metabolism and producés clavine alkaloids such as
agroclavine, penniclavine etc. Good results have been obtained by Johansson®? using
whey as'a nitrogen‘source: -+ o e e o

- Studies on some of the precursors other than "tryptophan viz., phenylalanine,
alanine and trigonéllin were carried out. These precursdrs were used alongwith maltoge
a8 cabon source aiid ammonium succinate as nitrogen source, No increase in the yields
of the alkaloids was obtained with axny of these precursors, ~ o o
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TaBrLE 3
! 'FFECT OF NITROGEN SOURCES ON YIELD OF ERGOT ALKALOIDS AND MYCELIUM
Claviveps purpurea PRL 1980

Yield of mycelium and
oulture fittrate from ‘ Yields of alkaloids in
1L of original medium ‘ - Total
_ in 1L of
Nitrogen sources 1 Wt. of Vol. of | .Mycelium . Culture Total Alkaloids| fermented
dry culture filtrate -in 1L of medium
mycelium filtrate original
) ’ medium
e gm. ml. mg/gm. mg/100 ml. mg. mg.
Amménium succinate © 160 800 4-95 48-29 465-52 582-0,
Ammonium succinate . 14-5 800 9-65° . 211-20 1829-52 2287-0
+tryptophan e e L . . 3 .
Yeast extract 155 800 4-26 87-68 767-47 .959-0
Gluta,mlc acid - o 11-0 850 - 3-3 89-37 795-95 936-0
Urea.. - k SR No Growth . .. .. ..
Tryptophan alone - e No Growth

“The organism . pwrrpurea PRL 1980 appears to grow el under stationary sirface
culture, as prehmmary experlments with the organism in shake cultures did not yield any

growth

“The yield of 1 gm/1 k Has been reported by Aracmone™ et al and Mary” et al using the
organisn C. paspali in each case. The yields of ergot alkaloids by C. purpurea strain PRL
1980 obtained by us are very encouraging and highest than hitherto reported. The effect
of various other factors such as vitamins, trace element, organic acids, phosphate concentra-
tion and other fermentation conditions are under study in order to get maximum production
of ergot alkaloids. The 1solat10n and identification of individual alkaloids is also in hand.
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