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Nitrogen as Improvéhénté & of MlAtidEoeY the Fro@dtion of Antibiotics.
We, Graxo Grovr Limitep, formerly improvement in titre to be achieved. It 40
GLaxo LaABORATORIES LimiTep, a British thus appears that the inclusion in the medium
Company, of Greenford, Middlesex, do here- of ammonia or ammonium salts which are
by declare the invention, for which we pray quickly assimilable, as compared with the
5 that a patent may be granted to us, and the organic nitrogen sources, can result in a
method by which it is to be performed, to stimulation of growth of the organism in the 45
be particularly described in and by the early stages of the fermentation, and that
following statement :— such stimulation is very beneficial.
This invention is concerned with improve- According to the invention, therefore, we
10 ments in or relating to the production of the provide a process for the production of
antibiotic griseofulvin. griseofulvin by the submerged aerobic culture 50
Griseofulvin, which is an important anti- of a griseofulvin producing organism in a
fungal antibiotic, may be produced by the nutrient medium therefor, the assimilable
culture of various species of the genus Peni- nitrogen in said medium being provided by
15 cillium, and in British Patent No. 784,618 at least one complex source of nitrogen and
are described methods of conducting such ammonia or an ammmonium salt. 65
cultures under submerged aerobic conditions The complex organic nitrogenous material
more suited to commercial production than may for example be of the type commonly
the previously described surface culture wused in fermentation technology, suitable
20 techniques. materials being corn steep liquor, cottonseed
As generally practised hitherto, the sub- meal, soya bean meal, penicillin felt, ground 60
merged aerobic culture of griseofulvin pro- nut meal, maize gluten meal, distillers

. ducing organisms to yield griseofulvin has solubles, animal nitrogenous materials such

been carried out in media wherein the nitro- as meat extracts, animal tankage (feather-
25 gen requirements of the organism have been meal), nitrogen-containing milk products,

* provided by so-called complex organic sources e.g. butter milk, whey powder, liquid whey 66
of nitrogen, e.g. various vegetable materials ete. In general we find that corn steep
such as corn steep liquor, oatmeal, cotton- liquor is the preferred complex source of
secd meal ete. or nitrogenous milk products nitrogen, although particularly advantageous

30 such as whey, the material commonly used results are obtained by using a mixture of
being corn steep liquor. corn steep liquor and distillers solubles. 70
- In studies upon the production of griseo- Mixtures wherein the ratio on a nitrogen
fulvin by submerged aerobic fermentation, basis of corn steep liquor to distillers solubles
we have found it considerably advantageous is between 1:4 and 4:1 by weight are

35 to replace part of the complex organic source satisfactory, mixtures giving equal amounts
of nitrogen by ammonia or an ammonium of nitrogen by weight from both sources 75

salt. Such replacement apart from substan-
tially improving the fermentation from an
economic point of view enables a substantial

{Price 4s. 64.)

being particularly advantageous.
Where an ammonium. salt is used it should
of course be one, the anion of which is non-



Disr. 6 day 9 day 12 day

C. S L. Sol s. (NH[err])[err]SCIerr] NH err] OH 35
0.075._.__0.075 0. 025_ 4690 7830 9790_0. 037 0. 075
0. 025 0. 037 4540 7700 10130 ) 0. 05

0. 05 0. 025 0. 05 . 4820 727010290 The pH of
nmedi a cont ai ni ng anmoni um” ¥ * EXAMPLE 8.

hydr oxi de was adjusted to 5.0 with hydro-

is illgs- 40 -
trated-
tions vver‘gma

% Ni t rogeg’lffg%

Di st.

thegriseasulpip ey

e salts are for example

eing ongenivm| eln the] Bredium is 1mportant According to

& ug) ﬁﬁﬁ?ﬁ i tal assimilable ,
, ammonium carbonate, & ﬁ]’g’ {% 8 ‘E (i and quj 1.
nitrate, ammonium acetate etc. (of 15 prefe 6'705 .47k erry-

The use of two ammonium salts
chloric am@u@bg or to sterilisation at 121[err] C
tes™

CH err] -I:@}ihi[te s §spectbllyl nefide]). dawill 3f d@35% N. In our Application No. 15819 /60, ™75

0. 075 courge (hp Gappreciated t}ﬁﬁ, in place of2
18 Or an & salt one can u

0.05 m«m giving 56125 the presence

0. 037 dhntdia or an aMeim salt in t

EXAMPLE Omedium ; such substances are for example
| npr ovemefit: nfiﬁalg‘luﬁlcl?nﬁ#“ d@ﬁ"lhg‘éé’feLWW

be  br OUGferBRIH oMo bR W B SaF- oth

tmulaﬁﬁfomdtlf OgeRiestabl (L ndwuen gmdnﬁla &f niiabrdin GHlt (and
t 0 100'3njof ammonia or an ammonivmystlt tageiners

The fer met: relgt@ver{.@@ fzﬂnmsthm&%pe%d
m . of of nitrogen source L WS widely; in

I n each @bnegal srelpre&s tight ofl 00 tethl available
ium sa

Grans 20 mtro b@a\relgm
Corn ste ié
on a rot x)éral to some 209, by weight bf

EiFifnt
shaker at’ootBD@m@@@ (as B) may Duthi

( NH[ er ):fl? (xr:lfigen olrce Mﬁ@%ﬁ)&gggﬁ

and even more ms The complex

medl um 1 nitkogeh satide Srefayls camtises & major
one Or

nitrogenous nutrient.

In conducting the fermentation, the
medium may be formulated to contain all
of the assimilable nitrogen at the beginning
of the fermentation, or alternatively some of
the nitrogenous material may be added at
a later stage. In particular a whole or part
of the complex nitrogenous source may be
added at a later stage, for example, after the
growth of the organism is well developed,
e.g. after some 90 hours.

In the obtaining of good results there are,
of course, various other factors to whmh
attention must be paid in conducting the
production of griseofulvin by submerged
fermentation, as discussed generally in our
Patent No. 784,618.

In general, however, we prefer to eonduct
the fermentation in accordance with the
procedures described in our Application No.
7197 (59 (Serial No. 868,958) according to
which a nutrient carbohydrate is repeatedly
added (continuously or batchwise) to the
fermentation as it proceeds, in such quan-
tities and at such times that the pH of the
medium follows a controlled pH curve as
defined in the said Specification. In general
it is proferable that the pH of the medium is
maintained between 6.6 and 7.6, and prefer-
ably 6.8 and 7.2 for the grea.ter part of the
formentation. Suitable carbohydrates in-
clude glucose, lactose, sucrose, hydrolysed
starch, invert sugar, molasses, invert molasses
and. sta.rch of which glucose is preferred.

As discussed in Specification No. 784,618,
the total level of assimilable nitrogen used
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sulphates ancp t‘ﬂgsulpha,tes, as
sulphuric ad{] itself. Where a,mmonlum
H%)Qabe is used as a source of nitrogen, this
stanice will, of course, also supply sulphate.
In general the source of sulphur should be
included in the medium to provide a level
of sulphur (as S) between 0.019, and 0.059%,
by weight, preferably 0.02—0.04%,.

The medium should further desirably con-
tain- a ‘water-soluble phosphate, preferably
one of an alkali metal, sodium or potassium
dihydrogen phosphate being, for example,
satisfactory. The phosphate may be present
in the medium in an amount, for example,
between 0.4 and 0.8% by weight. The
medium should further contain a soluble
chloride, the amount thereof being at least
sufficient to provide the whole of the chlorine
in the resulting  griséofulvin. Suitable
chlorides are the alkali metal chlorides such
as sodium and potassium chloride, which are
in general preferably used at a level of at least
0.29,, and preferably at least 0.3%, by weight.
Ammonjum ‘chloride is also a useful source
of chloride’ which also of course, acts as a
source of nitrogen.

It is also advantageous to have present a
methyl donor as described in our co-pending
Application No. 14265 /60 (Serial No. 934,526)
a suitable substance being choline. e

It will be understood that the precise

proportiens in which the various components -

of the medium are employed to some extent
depend on the particular combination of
nutrients employed and upon other con-
ditions, e.g. aeration and the design of the
fermenter vessel employed.

Various griseofulvin producing species of
the genus Penicillium may be used in the
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For the better understanding of the inven- (NH,),S0, as 9, 60

tion, the following Examples are given by Nitrogen .. ] 12

25 way of illustration only :— 0.0 control . 2370 4450

01 .. .. .. 3270 4790

ExamprE 1.
The experiments were carried out in 100 ExayMers 2.

ml. conical flasks econtaining 30 ml. of The stimulatory effect of (NH,),S0, 65
medivm, shaken on a rotary shaker at during the early part of the fermentation,

30 200--220 rnm. The standard medium was in a C.S.L. : Distillers solubles medium
the corn steep liquor (C.S.L.) medium given fermented under the same conditions as
below. To the experimontal flasks ammo- above, is shown below :—
nium sulphate was added to give 0.19,

nitrogen. % w.fv. 70
35 C.8.L. Mediwm., % w. fv. Corn steep liquor
- nitrogen . 0.075
Corn Steep Liquor Dried distillers solubles
Nitrogen .. .. 0.15 nitrogen .. . 0.075
Lactose . . .. . 7.0 Lactose .. .. . 8.00 75
-40 KH,PO, .. . 0.4 KH,PO, .. - 0.40
K1 .. .o .. 0.25 KCcr o .. .. . 0.15
Limestone .. . 0.80 Limestone o . 0.80
Organic (NH,), SO Griseofulvin mgm /L at day
‘80 N(5%) N(% ' S(% 9day . 9day = 13 day
Control  0.15 0.026 3220 5780 8200
0.15 O 025 0.027 3850 6610 8580

The eontrol flask sulphur was supplied as 0.1%, Na,8,0,.

g
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20. A process as clainmed in either of

60  Comparison of Experiments 1 and 2 shows phate and potassium chloride, as follows :—
the beneficial effect of ammonium sulphate

additional to low levels of C.S.L. w v, 80
Comparison of Experiments 2 and 3 shows Distillers solubles 0.075% N
the advantage of raising corn steep liquor CS8.L. 0.075% N
65 further, (NH,),S0, 0.0259% N
Comparison of Experiments 3 and 4 shows Lactose 10.09%,
the advantage of increasing the ammonium Choline Chloride 0.19, 85
sulphate from 0.025 to 0.05 at a basic level Limestone 0.89%,
of ¢.309%, C.8.L. nitrogen. KI1,r0, 0.4%
70 Companson of Experiments 5 and 6 shows KCi 0.3%

the benefit of substituting ammonium sul-

phate for C.8.L. nitrogen at the 0.409, C.8.L. The inoculum development and production

level. stage fermentation techniques used were 90
Examrrr 4. identical with those used in Xxample 1. -

75 A medium was devised which consisted of Varying amounts of the corn steep liquor

optimal lovels of organic nitrogen, ammonium  nitrogen in this medium was replaced by urea

sulphate and urea, sulphur ions, choline without any loss in griseofulvin yield, as

chloride, sugar, limestone, pota-ssium phos-  shown below :— 95
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f! tihe 1. A process for the product lon of griseo- preceding clains

n whi ch 10 20%b wei g ful vi nEbywtae. subnmer ged aer obi c cuI ture of a
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0.05

0.05

0
0.0
0.1

.3
3 5
.10

0.35
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20 0.20

ExaMPLE 7.

The stimulatory effect on griseofulvin
production of ammonium hydroxide is illus-
trated in this example. The seed develop-
ment and incubation conditions were as

25 described in Example 1.

9% Nitrogen as

Disr.

Sols. (NH,),80,

0.075 0.025
0.025

0.075
0.05 0.025

CS.L.
0.075
0.037
0.05

35

¢~ oda l

The pH of media containing ammonium
hydroxide was adjusted to 5.0 with hydro-
chloric acid prior to sterilisation at 121°C.
for 20 minutes.

40

% Nitrogen as

Dist.

Sols. (NH,);S80,

0.075 0.025
0.025

0.05
0.0756 .0025

CS8.L.
0.075
0.05
0.037

ExawpLE 9.
Improvements in yield of griseofulvin may
be brought about by the addition of a complex
55 nitrogen source during the fermentation.
| Inoculum was developed as in Example 1.
. The fermentation medium was prepared as

: follows :—

Grams
0.0625 N.
0.06825 N,
0.025 N,
0.40
0.30

Corn steep liquor nitrogen
Distillers Solubles nitrogen
(NH,),80,

2P0,

K

60

11.
100

A Qr’lQﬁ,&Sj‘iluaSat glainmed in any of
150 250

10.7 14.0
7.8 11.1
9.2

13.4

7.0
2.4
6.3

3.4
2.0
3.3

% w v,

10

Fermentation medium

Lactose
Limestone
KH,PO,

KCl

Choline chloride

30

cCOOO
el N~ ]

Griseofulvin mgm [L at day
6day 9day 12day
NH,0H
Nil
0.037
0.05

9790
10130
10290

4690
4540
4820

7830
7700
7270

ExavrLE 8.
The use of two ammonium salts is illus-
trated in this example. Fermentation condi-

tions were as in the previous example. 45

Griseofulvin mgm (L at day

CH,COONH, 10 day 13 day
Nil. 2130 7970 11990
0.05 780 6200 13070
0.037 780 6650 11500

4 day

Grams.
- 0.80
10.0
to 100 ml.

Chalk
Lactose
Water

65

The pH was adjusted to 5.0, 30 ml. of
medium placed in each of a series of 100 ml.
conical flasks and sterilised by heat. After
inoculation the flasks were shaken on a rotary
shaker at 200—220 r.p.m. During fermen-
tation they received three additions each
of 1.5 ml. of medium 1 at 7 and. 9 days and
one or two additions of 1.5 ml. medium 2,

70



conpl ex organic source of nitrogen and precding clains in which the nmedium
al so anmoni a or an amoni um sal t. cont ai ns ur ea. 2. A
process as claimed in Caiml in 12. A process as clainmed in any of the
70 25 which the conplex organic nitrogenows «peceding clainms in which
the culture is material igs corn steep liquor, cottonseed neal, '
initiated in a nedi um contai ni ng- t he amoni a soya bean neal, penicillin
felt, ground or ammoniumsalt and if desired sone of the nut neal ,

mai ze gl ten neal, distillers conpl @«488ganic source of nitrogen, the cowm
sol ubl es,~TmEat—extractT—am mat—tankage or—a —prex—organrt—sourcte (o1

remai nder thereof) 75 30 nitroggmmeentaining mlk prgeist o bei ng
added at a | ater stage. 3. GAmprocess as clained gramlaim1 in ._13.

A process as cl ai ned ilget@eai m 12 i WstiBigrs ¢ he% complex organic
ni trogenoys which the gompl éﬁorglggqni c ni t*PBYeEn SUEmREeR %% mat er i al

is a

m xture of corn steep |1 quor an added @bh&keep Ne growt h of the organi sm i_,,é
distillers solubles. Water to 100 ml. Viddulor deNetrqpred. 5 ‘
80 35 4. A process as claimed in O ai We®rin whichte 100ml. A process as -

claimed in any of the p.,fthe ratio of corg,sLeen L4/8YRL,to distillers -
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6. A process as claimed in any of the
preceding claims in which the medium
includes amonium sulphate, ammonium chlor-
ide, ammonium carbonate,
acetate or ammonium nitrate.

7. A process as claimed in any of the
preceding olaims in which at least 5%, by
weight of the total available nitrogen (as N}
in the medium is constituted by the ammonia
or ammonium salt. :

8. A process as claimed in Claim 7 in

ammonium

‘which at least 109, by weight of the total

available nitrogen (as N) is constituted by the
ammonia or ammonium salt.

9. A proecess as claimed in any of the
preceding claims in which the complex
organic nitrogen source constitutes a major
proportion (in terms of nitrogen) of the total
nitrogenous nutrient.

15. A process as claimed in Claim 14 in
which the pH of the medium is maintained
between. 6.6 and 7.6 for the greater part of 90
the fermentation.

16. A process as claimed in Claim 14 in
which the pH of the medium is maintained
between 6.8 and 7.2 for the greater part of
the fermentation.

17. A process as claimed in any of Claims
14—16 in which the nutrient carbohydrate is
glucose, lactose, sucrose, starch, hydrolysed
starch, invert sugar, molasses, or invert
molasses.

18. A process as claimed in any of the
preceding claims in which the medium also
containg an assimilable source of sulphur.

19. A process as claimed in Claim 18 in
which the source of sulphur is a sulphate, 105
thiosulphate or sulphuric acid.

20. A process as claimed in either of
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19. A process .as clainmed in Caim_
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from whi ch Goegples ofayic beuebtdi figtken and
ammonia or an ammonium salt.

2. A process as claimed in Claim 1 in
which the complex organic nitrogenous
material is corn steep liquor, cottonseed meal,
soya bean meal, penicillin felt, ground
nut meal, maize gluten meal, distillers
solubles, meat extract, animal tankage or a
nitrogen-containing milk product.

3. A process as claimed in Claim 1 in
which the complex organic nitrogenous
material is & mixture of corn steep liquor and
distillers solubles.

4. Aprocess as claimed in Claim 3 in which
the ratio of corn steep liquor to distillers
‘solubles on a nitrogen basis Ts within the range
of from 1 : 4 to 4 : 1 by weight.
© 5. A process as claimed in Claim 3 in
which the ratio of corn steep liquor to

~_distillers solubles on a nitrogen basisis 1 : 1 by

- weight.

. 6. A process as claimed in any of the
preceding claims in which the medium
includes amonium sulphate, ammonium chlor-
ide, ammonium carbonate, ammonium
acetate or ammonium nitrate.

7. A process as claimed in any of the
preceding claims in which at least 5% by
weight of the total available nitrogen (as N)
in the medium is constituted by the ammonia
or ammonjum salt. - :

8. A process as claimed in Claim 7 in
‘which at least 109, by weight of the total
available nitrogen (as N) is constituted by the

~ ammonia or ammonium salt.

9. A process as claimed in any of the
preceding claims in which the complex
organic nitrogen source constitutes a major
proportion (in terms of nitrogen) of the total
nitrogenous nutrient.
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preceding claims in which 10—209%, by weight
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precding claims in which the medium also
contains urea.

12. A process as claimed in any of the
preceding claims in which the culture is
initiated in a medium containing the ammonia
or ammoniurm salt and if desired some of the
complex organic source of nitrogen, the com-
plex organic source (or remainder thereof)
being added at a later stage.

"13. A process as claimed in Claim 12 in
which the complex organic nitrogen source is
added after the growth of the organism is
well developed. .

14. A process as claimed in any of the
preceding claims in which nutrient carbo-
hydrate is repeafedly added (continuously or
batchwise) to the fermentation as it proceeds
in such quantities and at such times that the
pH of the medium follows a controlled pH
curve as herein defined.

15. A process as claimed in Claim 14 in
which the pH of the medium is maintained
between 6.6 and 7.6 for the greater part of
the fermentation.

16. A process as claimed in Claim 14 in
which the pH of the medium is maintained
between 6.8 and 7.2 for the greater part of
the fermentation.

17. A process as claimed in any of Claims
14—16 in which the nutrient carbohydrate is
glucose, lactose, sucrose, starch, hydrolysed
starch, invert sugar, molasses, or invert
molasses.

18. A process as claimed in any of the
preceding claims in which the medium also
contains an assimilable source of sulphur.

19. A process as clajmed in Claim 18 in
which the source of sulphur is a sulphate, 105
thiosulphate or sulphuric acid. '

20. A process as claimed in either of
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ERRATA SPECI FI CATI ON NO. 934. 528 Page 3,
line 50, for "Nirrogen" read "N trogen” Page 3, line 80, for "9 day"
in 1st_occurence read "16 day! Page 4, line 39 _ far "lm)" read "pj)"
Page 4, lines 54 to 59, after f§63412" i nsert "(" Page 5, line 5, 6th
colum, for "9597" read "9575" ~Page 5, ling 19, _for "2.4" read "4.3"
Page 5, line 33, for "Disr." read "Dist." Page ?3, line 35, for "7830"
read "7380" Page 5, line 51, for ".0025" read "0.025" Page 6,
line 45, for "anoniunt read "ammoni unt g3 sefage 6, line 68, for 7

"preceding” r
D 29914/ 1(9)/ R CBBus286r 1907 W8chPhe source of sulphur
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is included in the medium in a quantity
sufficient to provide a level of sulphur (as S)
of from 0.01—0.059%, by weight.

21. A process as claimed in Claim 20 in
which the source of sulphur is included in the
medium in a quantity sufficient to provide a
level of sulphur (as S) of from 0.02—0.04%,
by weight.

22. A process as claimed in any of the
preceding claims in which the medium
contains from 0.4 to 0.8% by weight of a
water-soluble phosphate. '

23. A process as claimed in any of the
preceding claims in which the medium
contains at least 0.29%, by weight of soluble
chloride.

24. A process as claimed in ;a,ny of the
preceding claims in which the medium also
contains a methyl donor.

25. A process as claimed in Claim 24 in
which the methyl donor is choline.

26. A process for the production of griseo-
fulvin substantially as herein described with
reference to the Examples.

27. Griseofulvin when produced by a
process as claimed in any of the preceding
claims.
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