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This invention relates to antibiotic A-28088 factor

o a feed‘adaptad to fatten cattle.
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The present patent aprlication ;ié a
divisional of spplication Serial No. 17244 filed on

Jyime 6, 1975H.

The present invention relates to antibiotic
A-206080 factor D eaund to a process for ‘the

preparation thereof.

The invention provides D to antibiotic A-
28086 factor which is a white crystalline compound
when crystallized trom acetone-water; which is a
nolubla- in methapol, ethanol, dimethyl formamide,
dimethyl sulfoxide, ebhyl acetate, chloroform,
acetonae and banzeﬁa; but which 1is only plightly
soluble 1n hexane; and which is insoluble in water;-

which melts at about 96-98°C., and which has:

a) a molecular weight of 778, ae E
determined by high-resolution mass

spsctrometry;

b) an approximate elemental composition
of a7.59 percent. carbon; 9.58'percent

hydrogen, and 22.TT percent ox&gen;

o) an empirical formula of Cy4H74044. B8
determined by high-resolution maas

spectrometry;

d) a specific rofatton of -66% (e = 0.1,

methanol) when determined at 26°C.;
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h)

1)
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an infrared absorption spectrum in
chloroform with the following
observable ébaorption maxima: 2.89,
3.39, 3.43, 3.50, 5.88, 6.90, 7.27,
7.60, 7.84, 9.00, 9.28, 9.62, 10.31,
10.58, 11.10, and 11.49 microns;

no observable ultraviolet abqorption

in 95 percent agueous ethanol;

a nuclear magnetic resonance spectrum
in chloroform with the following
characteristics: & 6.00, 4.20, 4.190,
00, 3.98, 3.92, 88, 3.83, 3.79,
67, 3.84, 3.67, 3.54, 2.88, 2.81,

29, 2.21, 2.15, 1o, 04, 1.97,

4. 3.
3. 3.
2.71, 2.62, 2.58, 2.48, 2.43, 2.37,
2. 2.
1.89, 1.83, 1.76, 1.
1.

2.
68, 1.61, 1.58,
1.

1.55, 1.47, 1.39, 30, 26, 1.18,

90.95, .99, @.88, ©.74, and ©.68 ppm;

a titratable group with a pK, value
of 8.87 in .B0% agqueous dimethylform-

amide;
»

a characteristic x-ray powder-
diffraction pattern (Cu'? ra&iation.
1.6405 > , nickel filter) having the
following intorpianar spacings in

angestroms (d):
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d

12.40

10.20
8.85
7.89
6.89
8.3@
6.7@
5.36
65.190
4.90
4.66
4.45
4.20
3.30
3.16
2.99
2.77

2.28

fit - 26523

Relative
Intensity

100
70
90
30
10

100
20
20
20
10
20
40
30

1@
10
05
06
05

the following Rf values in the silica-

gel thin-layer chromatographic

systems indicated below, using

R
Bapilus subtilis ATCC 6633 as a

detection organism:
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I\L VEL S0 2L YL QY Lam
0.26 Benzene-ethyl acetate (3:2)
©.68 Hthyl acetate-diethylamine
(96:5) ‘

the following Rf values in the paper
chromatographic systems indicated
below, using Bacilluas subtilis ATCC

6633 as a detection organism:
Rg¢ Value | fiolvept Symtem

o.1e Water saturated with methyl
isobuty) ketone. (MIBK)

0.26 Water maturated with MIBR
rlus 2% n«toluéneaulfonic
acid and 1% piperidines

9.36 Water:methanol:acetone
(12:3:1)- adduated’tn pH
10.5 with NH,OH and then

lowered to pH 7.5 with

HaPO
0.29 1X MIBK, ©.56% NH,OH in
water
©.26  17.4 g. K,HPO,, 30 ml.

ethanol par liter of water
» Y
@.268 Benzene maturated. with

water

Y

‘BAD ORIGINAL @A
W
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0.09 Water

0.64 Water:MIBK:ethyl acétate
(98:1:1)
1) an acid function capable of forming

palte and ester derivatives; and

m) at least one hydroxyl group capable

of emsterification;

and tha_C2~Cé~acy1 ester derivatives and

physiologlcal1y~accepbable palts thereof.

The invention almo provides a process for
preparing antibioﬁic A-28086 complex comprising

factor A, factor B and factor D which comprises

‘cultivatinc Streptomyvces aureofaciens NRRL 8092 in

a culture medium containing assimilable sources of
carbohydrate, nitrogen, and jnorganic salts under
submerged aeroblc fermentation conditions until a
substantial amount of antibiotic activity is

produced by said organism 1n mald culture medium.

Antibiotic A-28086 factor D is a newly-
discovered member of a gréup of polyether

antiblotics. Examples of membeps of thie group

“include the earlier—diacovered antibiotic A~-28086 .

factors A and B € L1 copending U.8. patent
application serial No. 477,964, flled on June 10,

1974); monensin (U.5. Patent 3,501,668); dianemycin
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[R.ﬁ. Hamill, M.M. Hoéhn. G.®. Pittenger, J.

" Chamberiin, and M. Gorman, J. Antibiotics 22, 161

(1969)1; nigeriqin (L.K. Steinrauf, Mary Pinkerton,
and J.W. Chamberlin, Binchem. Biophys. Res. Comm.
33, 29 (1988)]; and salinomycin (U.S. 3,807,948).

Antibiotic A-28088 factor D is produced
together with factors A and B by culturing the noval
strain of Straptomyces aureofaciena NRRL 8092 undev
uubmarged.aerobic fermentation conditions until a
subatantial level of antibiotic activity is
produced. The coproduced factors A, B, and D are
extfaoted from the fermentation broth and from the
mycelium with polar organic eolvents. The co-
produced factors are separated as a mixture by |
concentrating the polar organic solvents, adding the
concentrates to excesaes of petroleum ebhe? to
precipitate impurities, filtering, and evapofating

the filtrates to obtain A-280886 antibiotic coﬁplex.

1t should bs noted that the term “antibiotic

complex” as used in the fermentation art and in thie
specification does not refer to a chemioal_coﬁplex.
but to a mixture of po—ﬁroduced individual
antibiotic factors. As will he recognized by those
faﬁiliar with antibiotic production by fermentation,
the ratio of individual factors produced in an

antibiotic complex will vary, depending on the
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fermentation conditions used. The A-280886
antibiotic complex is further purified and is=s
mseparated into individual factors A, B, and D by a

seriss of chromatographic procedures.

6 Antibiotic A-28086 factor D of this
invention inhibits the growth of organisms which are
pathogenic to animal and plant life. In one aspect
of this inhibitory activity, antibiotic A-28088
factor D is an anticoccidial agent. In addition,

10 antibiotic A-280868 factor D is an antibacterial
agent and increases feed-utilization efficiency in

ruminant animale.

The infrared abmorption spectrum of
antibiotic A-28e88 factor D is presented in the

16 accompanying drawing.

Newly-dimcovered antibiotic A-28088 factor
D of this invention is structurally related to the
earlier-discovered factors A and B. A-28086 factors
IA. B, and D are coproduced during the fermentation
20' and are obtained as a mixture. The factors are

separated from sach other, and factor D is isolated

ams an individual compound as héreinafter described.

The following ﬁaraarapha describe the
physical and chemical properties of newly-discovered

256 antibiotic A-28088 factor D.
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Antibiotic A-28086 factor D is a white
cryﬁtalline material (from water-acetone) with a
melting point of about 986-98°C. A-28086 factor D
has an apparent molecular weight:of 778, as

determined by high-resolution mass spectrometry.

The elemental compoqition of the peak in
the mams spectrum of the sodium salt of A~28086
factor D was observed to bhe B0@.5050 (Calcd. for
CqqH73011Na = 800.5060). In the mass spectrum of A-
28086 factor D free acid: a small peak at 778:and a

larger peak at 760.5117 (calcd. for Cy4Hqe5019 =

- 7608.5125) wara observed. The m/s 760 in the masse

apactrum of the free acid reeults from the loes of
water from the molecular ion. The molecular-ion
composition of A-28086 factor D frees acid is,

tberefor. C44H74011.

The emprical formula proposed for A—éBOBG
faotor D im 044H74011. Elemental analymis of factor

D gave the following percentage composition:

. carbon, 67.58 percent; hydrogen, 8.38 percent;

oxyden. 22.7177 percent.

v R N
The theoretical percentage composition for

044H740i1 is: 687.87 percent; hydrogen, .81 percent;

oxygen, 22.77 percent.
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The infrared absorption spectrum of A--20086
factor D in chloroform is presented in the
accompanying drawing. The following absorption
maxima are observed: 2.89, 3.39, 3.43, 3.50, 5.88,

- 6.90, 7.27, 7.60, 7.84, 9.00, 9.26, 9.62, 10.31,

10.68, 11.10, and 11;49 microns.

A-20088 féctor D in 96 percent agueous

ethanol shows no ultraviolet absorption.

The nuclear magnetic resonance spectrum of
AuZBQBB factor D in deuterochloroform showed the
fﬁllowing charaterimstics: o 6.00, 4.20, 4.10,
4.00, 3.98, 3.92, 3.868, 3.83, 3.79, 3.67,. .3.64,
3.87, 3.54, 2.88, 2.81, 2.71, 2.82, 2.68, 2.48,
2.43, 2.97, 2.29, 2.21, 2.16, 2.1, 2.04, 1.97,
1.89, 1.83, 1.76, 1.68, 1.81, 1.58, 1.B656, 1.47,
1.39, 1.9, 1.26, 1.18, ©6.95, » .99, @.88, 0.74, and

9.688 ppm.

Antibilotic A-28088 factor D, crystallized
fro; acetone-water, has the following
characteristic x-ray powder-diffraction pahte?n
(Cu** radiation, 1.5406 , nickal filter,

’
d=interplanar spacing in angatroms):

o
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d
12.40
10.20
8.85
7.80
8.80
6.3
5.70
5.36
5.10
4.90
4.66
4.45
4.20
3.30
3.15
2.99
2.77
2.28

1

factor D is -58° (e=

at a tewperature of 25°C.

100
20
20
20
10
20
40
30
10
10
o5
06
o6

The specific rotation of antibiotic A-28084
8.1, methanol), when determined

»
Klectrometric titration of A-28¢86 factor D

in 80 percent agqueous dimethyl formamide indicated

the premence of a titratable group with a pla; value

of 8.67.

11
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Antibiotic A-28088 factor D is soluble in a
variety of organic solvents such as methanol,
ethanol, dimethylformamide, dimethyl eulfoxide,
ethyl acetate, chloroform, acetone and benzene. A~

28086 factor D is only slightly soluble in nonpolar

_organic solvents such as hexane and is insoluble in

water.

Antibiotic A-20088 factor D has an acid
function capable of fbrming salte and ester

derivatives and at least one hydroxyl group capable

of emterification.

Based on the physaical ' characteristics
hereinabove recited, a structure for antibiotic A-
280806 fac£or D can be proposed. Since the structure
determination 1is merely postulated, however, it is
to be understood that the structure presented herein
represents mwerely a working hypothesis. The
tentative structure for A-28088 factor b is shown in

Formumla I:

12
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wherein either: R' = CHS and Rz = 02"5

or: Rl = 02H5 aned R2 = CH3

The Ry valuns of antiblotic A=28088 factor
P in various paper chromatographic systems, using
Bacillua aubtilis ATCC 8833 as a detection organiem,
are given in Table [. The Rg values of A-28088
factors A and B in thepe syatems are included for

refersnca rposen.

14



TA?LE I 6%b4: ;1é§f;2j3

Kactor D fmhom Factor B Golvent Synatom

0.10 0.11 Q.09 Water maturated with
5 wethyl isobutyl ketone
(MIBK)
0:28 9.41 e.18 . Water asaturated with

MIBK rlus 2% | oo
toluenesulfonic acid

190 ‘ and 1% piperidine

0.36 0.54 0.48 Water:methanol:acetone
(12:3:1)-adjusted to pH
1.6 with NH OH and
then lowered to pH 7.5

16 with HgPO,
.20 @.48 0.368 1% MIBE, 0.6% NH, OH in

water
.26 ©0.16 0.33 17.4 g. K;HPO,, 30 wml.

ethanol per litar of

20 ' water
; 9.26 0.24 0.561 Benzene saturated with
water -
0.99 0.24 0.11 Water )
©.64 0.75 9.81 Water:MIBK:ethyl
25 acotate (98:1:1)

15
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In Table [I are given the Rg values for
antiblotic A«Z&OBG factor D in two thin-layer-
chromatographiec systems on silica gel (precoated
plates. K. Merck, barmetadt, F-254, layer thickness
0.25 wm), ggain uming B. subtilis ATCC 6633 "as a

detection organimm.

TABLE 11

Rs¢ Value _
Factor. D Eantcm.-.& Factor B Solvent System

.26 0.24 .42  Benmene-ethyl acetate
(a:2)

0.08 0 _54 Q.34 Rthyl acetate-diethyl-

amine (95:5)
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A-28088 factor D forms acyl  ester
derivatives. Esterification ocours at ome., of the
hydroxyl groups of A-28008 factor D uwpon treatment
with C,-Cg-acid anhydride or acid chloride. Buch

esters ares typlcally prepared by reacting A-28086

. factor D with, for exawmple, the norresponding acid

anhydride at room temperature. These ' enter
derivatives are almo useful an antibiotics and ams

agents which increame feed-utilization efficlency.

Antibiotic A-28086 factor D and its C,p-Cg-
acyl ester derivatives are capable of forming salts.
The phyaiologicaily~aecaptab1a alkali-metal,
alkaline-sarth-metal and amine salts of antibiotic
A-28086 factor D and of the C,-Cq-acyl-ester
derivatives of A-28086 factor D are also part of

this invention.

To #simplify discuesions of utility, .the
term "A-28086-factor-D compound” is used to refer to
A-28088 factor D, A-Cz—cevhcyl—estar derivative of
f;obor D or a physiologically-acceptable salt of A-

28088 factor D or of a Cy-Cg-acyl-ester derivative

of faoctor D as above defined.

,

“Physiologically-acceptable” salts are
salts which are also pharmaceutically accuptablé,
that ims, salts in which the’toxicitv of the cbmpouﬁd
as & whole toward warm-blooded animals is not’

increased relative to the non-salt form.

17
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Reprementative and muitable alkaliwmehaliapd
alkaline-marth-metal salts include the sodium,
potassium, lithium, cesium, r;:bidim. barium,
calcium, and magnesium salts. Suvuitable amine salts
include the ammonium and the primary, secondary and
tertiary C;-C4-alkylawmonium and hydroxy-Cqo-Cg -
alk;laﬁmnnium aalts. I[llustrative amine salts
include those formed by reaction with ammonium
hydroxide, methylamine, mec-butylamine,

jimopropylamine, diethylamine, di-isopropylamine,

_ebhanolamine, triethylamine, 3-amino-1l-propanol and

the 1like.

The alkali-metal and alkaline-sarth-metal
cationic saltes of A--200868 factor D and of the Cy-Cg-
Aoyl aptar derivatives of factor D are prepared
according to proceduras commonly employed fo? the
preparation of catlonic salte. For example, the
free-acid form of the antibiotic factor or ester
derivative ims dissolved in a suitable #olvent such
ps warm methanol or ethlianol; a molution containing
the stoichiometric quantity of the desired inorganic
base in agueous methanoliin added to this asolution.
The salt thus formed can be iscdated by réutiﬁe
mathods,. such as filtration oe evaporation of the

solvent .

iR
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The msalts formed with organic amines can be
prepared in a similar manner. For example, the
gaseous or liquid amine can be added to a solution
of the antibiotic factor in a suitable sblvent such
as acetone, and the molvent and excess amine 6an be

removed by evaporation.

It is well known in the veterinary
pharmaceutical art that the form of an antibiotic is
not significant when treating an animal with the
antibiotic. 1In momt casesn, conditions‘within the
animal change the drug to forms other than the form
in which it was administered. The salt form in
which it may be administered is, therefore,
inmignificant to the method of treatment. The salt
form may, however, be chosen for reasons of

economicn,.onnvanionce. and toxlcity.

The novel antibiotic factor of this
invention is produced by oculturing an A-20088-
fgéforwv—préducing strain of Streptomvoes
aﬁnnnfaginna uﬁder submerged aerobic conditions in a
suitable culture medium until substantial antibiotic
&qtivity is produced. A-28086 factor D is reéovered
from the fermentation medium by %he use of a
combination of imolation and purification
procedursa. The general methods of the isolation

and purification procedures used are well known.



10

20

25

k. 26573

The new organism especially umeful for the
preparation of the antibiotic A-280868 factor D was
derived by a series of patural pelectlons followed
by chamical mutat.ion from the sfratn of Straptomvoes
nnxgnianinnn NRRL 5766 previounly deposited for the

production of A- 268086 factors A and B in cnpendlng
application Serial No. A77,994, filed on June 10,
1974. After the discovery of A-280868 factor D
produced by S. aunaufgnigna NRRL 8082, it was
recognized that 8. anngnfnninnn NRRI, 5768 also

produces A-20086 factor D as a mipor factor.

The neow A-28088-producing strain NRRL, 8092

which 18 empecially useful for the production of A-
280868 factor D is also claésified as a strain qf
hznnhnmxnea aureofaciens Duggar. as described by E.
B. Bhirling and p. Gottlieb in “Cooperative
pescription of Type Cultures of ﬁhngnhnmznna 111.
Additional Specles Doncriptiona from First and
Second Btudies,” Intern. Bull gyatenatic
Bacteriol. 18, 279-392 (1968). This classification
is based on methods recommended for the
International hhnnphgmxcgn Project (K. B. Shirling
and D. Gottlieb, *Mathods for §mngphnmgngn apecies,'
intern. Bull Systematic Bacteriol. 18. 318-349
(1968)1 along with certain supplementary tests.
Color names were asmigned according to the 18CC-NBS
thod (K.L. Kelly and D. B. Judd, “The 16CC-NBS

Method of Designating Color and a Dictionary of

29
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Color Names,"” U.B8. Dept. of Commerce, Circ. 653,
1966, Washington, D.C.). Figures in parentheses
refer to the Tresner and Backus color series
(Tresner, H. D. and §. J. Backus, "System of Color
Wheele for Streptomyces Taxonomy,” Arel. Microbiol.
11, 335-338B (1963)1; color tab designations are
underlined. The Maerz and Paul color blocks (A.
Maerz and M. R. Paul, "Dictionary of Color,” McGraw-
H11}l Book Co., Inc., New York, N. Y., 1650) are
enclosed in brackets. Cultures were grown.at 30°C.

for fourteen days unless otherwise noted.

CHARACTERIZATION OF A--28086--PRODUCING
. STRAIN NRRL 8090
MORPHOLOGY

On medium ISP No. 7 (tyroaine agar) the
qulture produces occasional hooks, but mainly
pioducea short, straight sporophoresa. Spore chains
are less than 10 spores per chain, usually 4-7
‘épores par chain. ' Short straight spore chaina were
‘obbarved in the following media: ISP No. 3,

Czapek s-solution agar and ISP No. 5. Abundant
oorémia ware observed on Emerson s agar. EKleotron
microscope observations were m;de on tyrosine agar
(ISP No. 7) and glucope—asparagine agar. Spores are
smooth and range in aize from 1.2 to 2.0 u in length
and about 1.9 v in diameter. The average spore size

is 1.6 u x 1.9 u.

21
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S.hlimnal__(maxacj;gnintica..an
Various Media

Medium

I8P No. 2 (yeast
extract-malt
extract)

I8P No. 3
(Oatmeal )

I8P No. 4 (fn--
organic salts-
starch agar)

IBP No. b
{(glycerol-
asparagine
agar)

Tomato paste-
oatmeal agar
Glycerol-glycine
agar

i
Glucose--aspara-
gine agar

Nutrient agar

Bennett s agar

Charactariatics

Growth-fair; reverse light yellow
brown (12H8]; fair asrial
mycelium; poor mporulation;
asrial vale grey [11A17; no
soluble pigment .

Growbh~sparaa; roverse hyaline;
no aerial mycelivm; no eoluble
pigment .

Growth~moderate; reverse greyish
yellow {11B2)]; acant aorial
mycelium and sporulation; aeria)
rale vellow gray [10A1}; no
soluble pligment .

Growth~moderate; reverse pale
vellow [10F2); fair asrial
mycelium; Bscant sporulation;
aerial white [10A1}; no ®woluble
pigment .

Growth-moderate; reverse greyish
8reen-yellow; aerial aycesllium
fair; moderate sporulation; light
rale gray [(53A21; no soluble
pigment .

Growth~abundant; reverse greyish
vellow [11R4}; moderate . aerial
sycellium, white [16A1]; no
sporulation; no soluble pigment .

Gvowtbmnodarata; reverss pale
yellow (10F2]; moderate aerjal
mycelium and sporulation, white
(10A1]; no soluble vigment.

»

Growth-eparse; reverse pale
yellow [16B2); no . aerial
mycelium; no soluble rigment .

Growth- fair; reversm Smedium

“yellow pink [11A7}; very. scant

aesrial myceltium; nn aporulation;

.99 moluble pigmant.

N
0
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Calcium malate
agar

Czapek '8 solution
agar

Emerson’s agar

Tyrosine agar

Tryptone-yeast .
agar

ok 21642

Growth--very scant, hyaline; no
aerial  mycelium, no  soluble

pigment.

Growth-very scant; reverae
hyaline; no aerial mycelium; no
poluble pigment.

Growth-moderate; reverss greyish
vellow {11161; apotty aerial
mycelivwm; no sporulation; no
soluble pigment.

Growth-moderate; reverse light

yellow brown [12H6]; moderate
aerial mycelium, light pale gray
margin [63A2], center near white,
and maderata sporulation; no
moluble pigment. ‘

Growth-very scant, hyaline; no
aerial  mycelium; no soluble
pilgment.

Organlem NRRL 72092 was studied for selected

physiological properties in accordance with gtandaid

procedures. The

properties observed and

charateristice found were as follows:

23
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Property Obearved

Action on milk

Nitrate reductlon
Nutrient gelatin

Melanin pigment

production on:

Tyrosine—-agar

slants

Tryptone~ye&ut—

extract broth

Carrot plug

Potato plug

Temperature re-
quirements (ISP
wedium No. 2
yeast extract
malt extract

slants

" had 26622

Charaateriatie

peptonized (90%); pale—~yellow

growth ring, cleared area pale

yqllawwpﬂ reaction 4.6
Pogitive

50X hydrolyzed at 14 days

Very weakly positive
Negative
Abundant growth, pale yellow; no

aerial mycelium

Abundant growth, grayish ﬁhitq;'

"no aerial mycelium; no change 1n

plug.

25°C. — Abundsnt growth; fair
serial mycelium; reverse

1ight brown; no soluble

pigment.

24
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37°%C.

49°¢ _-

A57C -

&
4]

fok, 36533

- Abundant growth; fair

parinl myceliwm; reverse

1ight brown: no soluble

pigmant

Abundant. growth: fair
asrial mycelium; reverse-
brownm; soluble pigment

brown.

Abundant growth; sparse
asrial mycelium; reverse
red brown; moluble pigment

deep rad brown.

Abundant pgrowth; no
serial myceliuvm; reverae
rard brown; moderate red

brown pigmont.
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The results of carbon utilization tests
cerried out with organism NRRI, 8092 are set forth
balow. The symbols used to indicate growth response

are:

+ good prowth, positive utilization
(+) roor to fair growth
(=) faint growth, pfobably no utilization

- no growhﬁ. no utilization

Carchon_Gource Renponea

D-glucose +
Li-arabinose . +
D-xylone +

D-fructone ) '
AuCrose

D-mannitol -

i-inomito) +
rhamnone +
raffinone -

-—-C control ' -

(No carbohydrate)

Cartain characterietics of the A-28088-
producing 6. aureafacisna ébra;na differ from the
characterintics of the organlam daacribéd by
Bhirling and Gottlieb. These differences are

stumarized in Tahle TI1T-

26
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Carbon _
Utilization
sucroee
1-inositol
rhémnoae

(elatin
Liguifaction

Action _on

 Milk

Table 11]

NRRL. 768 NRRBL_ 8092

+
1
30% in
14 daye

Milk
papto- .
ized
white
growth

ring

. . 26523

+
,.’.

50X in

14 days

Milk
peptb-
ized,
pale-
vellow
growth

ring

Published
Deacription
+

Limited or
none
Limited and
variable
reptonization
{often none);

limitaed growth

and coagulation
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The characterice of

d o522

organism NRRL 5758

which ‘differ from thé charateristica of organism

NRRI, BO9Z are summarized in Table V.

Table 1V

Charagtariatic

Vagetative Color

Sporulation

drowth eon:

laloium maleate

Inorganic saltp-

Bennatt s agar

NRRL_H750

Yallow on
several media

Some apiral
aporophores
on Lomate-
pasta:oatmeal
and inorganic
mal te-starch
medina

Growth fair,
brown with
cleariog

Moderate
aporulation;
aerial pur-
plish white
to gray.

Reverse pale-’

yellow

NRRL_8082

Cream to‘_bale—
yoallow on -
sevaral medla

Short atraight
sporophores. with
occansional hooks

Growth sparse,
clear; no
clearing

Beant

sporulation;
aarial white

Reverse pink

| The Gireptonyces aurgofacienes culturs

enpeclally useful for the production of antibiotic

A--20088 factor D has been depoelted and made a part

of the stock culture cpllécbion of, the Northaih

Marketing and Nutrition Research Division, U.S.

Dept. of Agriculture, Agricultural Research Séfvics.

Peoria, Illinois, 61804, from which i% is available

to thé public under the number NRRLI, B@92.
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The culture medium enqloyed to grow
Straplomycen aursgfaciena NRRL 8092 can be any of a
number of wedia. For economy in production, optimal
yield, eane of product isolation, however, certain
culture media are preferred. Thus, for example,
preferved carbohydrate sources in large-scale
fermentation are taploca dextrin and sucrose,
although glucose, corh sfarch. fructone, mannoée,
maltose, lactose, and the like can almso be employed.
corn oil, peanut oil, soybean oil and fish olil are
other useful sources of carbon. A preferred
nitrogen source is onzyma—hydrolyzed casein,
although peptones, soybean meal, cotton-seed meal,
amino acids such as glutemic acid, and the like are
almo useful. Among éﬁa nutrient inorganic salts
which can be incorporated in the culture media ars
the customary soluble salts capable of yielding
sodium, wagnesium, calcium, axmonium, chloridé.

carbonate, sulfate, nitrate, and like ions.

Essential trace elements necesaary for the
growth and development of the_organismiahould also
be included in the culture medium. Such trace
slements commonly occur as imguritias in other
constituents of the medium in amounts sufficient to

mest the growth requiremnets of the organism.

29
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It may be necessary to add small amounts
(i.e. 0.2 ml/1.) of an antifoam agent such as
rolypropylens glycol to large-scale fermentation

media if foaming bgco&aa a problem.

Although it is not essential, the
antibiotic production of Streptomyce auwreofaciena
MRRL 8992 is enhanced by the addition of a small

amount of oll such am soybhean ofl.

For the production of substantial
quantities of antibiotic A-28088 factor D, submerged
asrobic farmentation in tanks is profarrrod Small
quantities of A-28088 factor D may be obtained by
shake-flask culture. Bécausa of the time lag in
antibiotic production 6ommonly aaaoéiated with
inoculation of large tanks with the spore form of
the organism, it is preferable to ume a-vagetubive
inoculusi. Tﬁe vegetative inoculum is prepared by
inoculating a small volume. of the culturotmedium
with the spore form or myobliél.fragmenta of the
Jrganiam to obt&in a fresh, acti?el? growing culture
of the organism. The vegetative inoculum is then
transferred to a larger tank. The medium ueéd for
the growth of the vegetative 1n;;ulum can be the

same as that employed for the larger fermentationa.

but other media can alsn be employed.

30
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The A-20826 factor D-producing organism can
be grown at temperaturms between about 207 and about
45°C. Optimum A-28086-factor D production appears to

ocour at temperatures of about 279-30°C.

An 15‘cuatomary in aerobic sutmerged
culture processes, aterlile air im blown through the
cuvlture medium. For efficient growth of the
organimm the volume of air employed in the tank
production is preferably abova 6.1 volume of alr per
volume of culture medium per minute. For éfficient
prodﬁctinn of A-208008 factor D, ths volume. of air
employed in the tank production is prmfarably"abova
9.28 volume of air per volume of culture medium per
minute. High levels of dissolved oxygen do not

repress sntibiotic production.

. The production of A-28086 antibioiica.
including factor D, can be followed during tﬁe
fermentation by testing samplesa of the broth?or of
axt?;ota of the mycelial solids for anbibiotlc
activity againat organisms knu#n to be aenaiﬁiva to
the A-28086 antibiotics. One amsay organism useful
in testing the antiblotic A-28088  sntibiotiocs,

‘ » .
including A-280868 factor D of ths present invention,

is Bacilum ubtilis ATCC 6633. The bioammsay is

conveniently performed by paper-diac%aaaay on ager

[

plates.

BRI IR IO
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The initial pH of the uninoculated éulture
mediun varies with the medium used. In general, the
P should be 1in the range of 6.0 to 7.6, The

harveat pH at the end of the fermentation im usually

3] slightly higher, in the range of 6.5 to 8.0.
Genarally, antibiotic activity in
datectable on the second day of fermentation.

Maximum production of antibiotic A-28086 factor D
usually occurs bestween nboutvtha_eight and the tenth

10 days.

Follbowing its production under submerged
amrobic fermentation conditlons, antiblotic A-28088
fact&r D ia recovered, togaethar with. the co—brnduced
A--28006 factors A nnd B, by methods cbmmouly

15 enployed 1n the fermentation arhb.

The co-produced A-20006 antibiotic factors
are found in both the mycalial mass and in the
f£iltered orv centrifuged fepmentahion broth., Haximum

rdcovery of the A-20086 antibiobic faotors 18

&S
S

accompliahad. therefore, by o comhinatibn of
methods, inclnding £iltration, extraction, and
adsorption chromatography. A pr,fatred solvent for
separating - the ro-produced A--28006 antibiohlc
factors from eihher whole or filtered fermoﬁtahion :
25 broth is ethyl acehate, althongh other rnmmoniy used

molvents are matistactory.

' BAD ORIGINAL
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An erpacially advantageous méthnd ot
geparating A-268088 fsautors A, B, and its n is to
lower thé pH of the whole fefmantation broth to
sbout pii 3.0. This method 18 the subject of a
népending' application of #Hoeck and Bevrg titled

ANTIBIOTIC RECOVERY PROCKES., 1.6, Patent No.

T 4,000,282, inpued Fehruary 2o 1977. At about. pH

3.0 the A-2B086 {actors A. H, and U arﬂ.conventnntly
saparatead with tha mycelial mans by filtration.

Methanol 1im a praferrad motvent for mepsrating the
antiblotics from the mycelial mans, but other lower

alcohols and katones are also suitable.

Azeotropic Admt) tlation can alsso be

advantageously employad in the recovery of the A-

. 2R85B antiblotic factorn. JIn thia method an ergenic

msolvent which forma an appropriate aneotrope with )

- water is addded to tho'aquﬁnua faermentation broth.

Thino solvonh»bruthvmixthrﬁ in subjected to

azeotropic'dlntiilahion in order to. remove nt”leant

half the water from the broth, leaving a wataf~

solvent mixture in which the A-280888 antiblotic
factors are in solutlgn in the organic ﬁhlvenh‘
Insoluble by-~productna caﬁ ber geparated by msuitable
maans such aa filtration or centrifugation. The A
28086 anhfhiohic factors can .then be racovered from
the organic molution hy.wellmknnwn procedurﬁﬁ esnch
an evaporation of nolvept; practpiﬁation by adding a

nonaolvent., or extraction.

a3  BAD ORIGINAL
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Organic solvents which form appropriate
azeotropes with water in order to carry out such a

recovery procedure include, illvatratively, butyl

alcohol. awmyl) aleohol, hexyl alcohol, benayl

aloohol, buty) acemtate, amyl acetate, |,2-
dichloroethane, 3-pentanons, toluene, the xylenen

and the like.

There is 5pecial advantage in racovery by
azootrnpiv distillation on large-dcale fermentation
processes. Hoth water and solvent taken overhead
in the azeotrope can be separated by known
technigues and thsroaftei recycled for further use.
The water thus removed is fres of contaminants and
does not require a waste disposal process. Tbe

nolvent thum removed may be recycled to the process.

Further purification 6{ the A—28986j
antibiotic factors and smeparation of individu?l
factors includem additional extraction and %
addorption proceduraa. Admorptive materials such ams
nflica gel, carbon, FlorieilR (ﬁagnestum ailiéato,
Floridin Co., P.P. Box 9689, Tallahammee, Fla. ) and

the like can be advanhapauualy emp&oyed
’

Aihﬂrnativaly. the cultuve molids,
itncluding mediim conatituents and mycelium can be
uned without extraction or separation. but
preferably éfter removal of water, as a source of

the A-28088 antibiotic factorm. For axample,'aftér’

SAONRO OIg 34
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product ton of the A~-20086 sntibiotic feetorm, the

! : )

culture madivm can. be dried by lyophlliization and

mixed directly into teed premix.

In another sspect, after production bf the
A--28088 antibiotlce factors tn the culfure modtnm,
the mycelimm coan be separated and dried to glve a

product which can be uaesd directly in a teed prefix. -

© Under the conditions employed thus far. the
new Streptomyces aureofacisns strain described
previously and dnnignahﬁd as NRRI 6082 produces
anhibiohic factor A as the major factor. Although
tha ratio of factors varies depending on the
fermentabion'cnnditiﬁnn used, in general factor A
accountms for at least about 90X of the tétal
recovered anttblotic activity. Factor D accounts
for about 8-10 % of the remaining nctsvihy. Factors
A and P are recovered both from filtered broth and
from the myrellum. Minor factor B, which accounts
for‘auhnhantiaily the Eamaindar of the antihbiotic
activity, ie praaént in amounts nf lesms than ﬁbout
1% and ham thus far been observed only in the
nycelium.

oo :
Aunother substance, arbitrarily designated

as A-280A8-1, 18 co-produced with antibiotic A-28088

factors A, B, and D. Although a A-28088-1 ims not

35
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microbiologlioally active, it tﬂ ﬂtruoﬁurally refatead

‘to the A-28088 antiblotic factorm. A-20086-1 is a

white crystalline compound (trom acatone-water) and
has » melting point of about 166-162°¢. Comparative
stulies of tha NMR apectra and npher properties of
A-20088--1 and aynthehical]y~prepﬂyed A-280R8 factor
A methyl ester give evidence tﬁat A-20088~1 1is the

methyl ester of A-28088 factor A or a clomsely

related compound msuch am A mstereoisomer.

Although A-280R6--1 initially co-
precipitates with the antive A-28088 antibiotic
factore A, B, and U, 1t ls readily aepérutad from
them by sitice gel chromatography. A-28086--] has an
approrimate Rf value of 6.53 on alllca ael thin-
lnyar nhrnmntnﬁraphy wiﬁh athy]l acetate éﬂ the
eluting molvent and nsing vanillin spray resgent (3%
venillin in methanol + G“E.ml. sone . H2$O4 per 100

ml. solution) for detection. After spraying with

" wvanillin and heating, A-28088-1 gives a blue spot

while the A-28086 antiblotic factors A, B, and D

glvea bright pink mspots which quickly turn dagk.

Antiblotic A;ZBGBG factors A, B, and D are
meparated from each other and are 1ao]a£ed as.
individual compounds by the use of wall-known
‘mathudn such as column chromatography, thin-layer
chromatography and thea like. For exomple, column

chromatography over silica ael is used to separate

36
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factors A, B, and D by aluting the colimn with
varying aolvent wixtures, such am benzene-ethyl
acatéte; iIning benzene--athyl acetate solvent
mixtures over a silica gsl column, A-28088-1 is
eluted firﬂt; factor B ia sluted next; and factorms A
and D are alnted together later. Additionsal
chromntography uning tine-mesh silica gel effecte a
asparation of fantnrﬁ A& and . ‘'Thin-layer
chromatography, as dascribad hereinabove, is &

conveniant. method for wmonitoring elution progress.

| As is the came with A-280868 factorms A and
B, the newly-discovererl Aw28086;f90t0r~0 compoundes
of this invention also inhibit the growth of ‘
bacteria and fungl which are pathogenic to animal
and plant life. One meamure bf the sntimicrobisl
activity of A-28088 tactor D was made uming the
conventipnnl dinc-ditfusion method (6-mm pads were
dipped in molutions containing | mg. of A-28088
fabbpr D par ml. of molution; pads were placed on
aéar plotee sesded wifﬁ tent nrgaﬁism). Thg results
éf thene teéhn ara summarized in Table V. |

.
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TAULK V

Tost Aaoe _af
Organiswn , Inbibition  (mw)
Staphylogooous. aursus 22
Bacillus _nsubtilies

ATCC 6833 a1
Saraina luten

ATCC 89341 28
Sacoharomycens pastorianum

ATCC 2966 20
Neurospars cragssa 12
Candida _alblcans ' 19

In another aspect of their antimicrobial
actlvity, A-280868-fsctor-D compounds inhibit the
growth of anaerobic bacteria. The winimal ‘
1nﬁibitory concentrations (MIC°s) at which A-28086
factor D inhibits various snaerobic bacteria were
determined by standard agar-dilution assay.
Endpoints were read after 24-hour incubation. The

results of these tests pre summavized in Table VI.

an



H

10

25

TABLE VI

Taat Organiem

Actinomveen bovie
Claostridium inocuum
Clostridivm perfringens
Clostridium ramosum
Cloateidiwn_sapticum
Cloatvidivm sapticum hovine
Bubacterium serolaciens
BepbLococcuna onaarobiua
Paptostreplaoccus intermediun
Erovionlbacterium acnes 44
Brorlonicbacterium acnes 79

Bagteroldens fragtiis ssp.
fragilis 1877

Bauterolides froegilis sep.
fragilie 1936H

Bacteraides {ragilia s=p.
Yhetalotaomicron

Bagteroldes fragilis sop.
© wyulgatis No. 1563

Bagterciden fragilin sap.
yulgatias 1211

5 mghmuum..nmbinnmn

Fumobacterium Loecrophorum

Yelllonella alcalesncena

3¢

thd 26573

MIC_ tng/ml)

| <0.H
<0.5H
dh B
<0.6
<@.6
<P 8
<®.5
-5
<. 6
<A_5

«9.5
4.0
6.0

4.0

1.0
2.0
18.@
2.0
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The A-200008-factor--D-compounds are alaé
antiviral agants. A 26088 factor D ies active
against Maryland B virus, typa 111 poliovirus, (OK
virus, herpes virns and Semlikl Foremt virus, as
demonstrated by 1p vitrp plague suppreasion tests,
pimilar to bthat described by Siminotf, Aprlied
Wicrabioluge 8 |11, 86-72 (1961).  A-2A08H factor D,
im also active against Tranemimaible Uantro-
enteritisa virus, Ne&canhls Digeana, Virus, and
Infections Bovine Rhinotrocheltin vivus, as

demonstrated by aimllar timaue -culture testsa.

The fact that the A-28088-factor-D
componnde have activity hoth against virumes and
against enaarchbic bacteria makes these compounds
particularly baneficial for the traaﬁmenh or
prevantion of enteritis in chickens, swine, cattle
and sheep. The A-2689868 -factor-D compounds are also
umeful tor the treatment of entero-toxemia in

rmmninants .

Antlcﬁcuidal activity ie  an fmportant
prgparty of the A 28086-factor-D 6ompounda 6£ thiu
invention Rxperiments ip_vitrn demonstrate the
ankicoceidal activity of A-280A8 factor D lﬁgninst

.
Eimeria tenalls. The following mathod was used [for

vfurhhar detatls, mee L. R. McDougald and R. B.

(inlloway in Kxper. FPacrasitology 34, 189-198 (1973)1:

4464
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Host call onltures are prepsred by
conventional techniques uming Letighton tubes,
wlaatic dishes or plates, or other suitable culture

vampnaeln. Following 2-3 days growth in any suitable

cultura medivm (Kogle n minimal essential medium,

Jdactalbumin hydrolysate in Earle s or Hank =

balanced maline. Medinm 199. ntec.) & suitable
nonolayer uwsually forms and is ready for'infection
and drug treatment. FPrimary enltuores of chick

kidney celils were uaad (or theme mtuldies.

Viable oocysta of Eimaciﬂ_hahglla are
obtainaed from the fecen of Iinfected chickens and are
clenned and mterilized prior ﬁé umse. The oocysts
are sporulated by incubstion at room temperature
while bubbling air through the suspenmion or by
shaking gently on a gyrotory shaker or by othar
muaitable means. Potaessium Qinhromatevnr sulfuric
acid (or other chemicals) may be employed to pfavent

bactertal or mold growth doring sporulation.

Excystation ot infective sporozoltes from
the oocysts im accomplished by a combination of
machanieal disruption of the oocyst wall, follo;sd
by treatment with trypﬂin and blile msalta to inauca

P

the sporozoites to free themnélvoa from the

gporocyats.

BAD ORiGINAL
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Cell cultures are infected by the
introdnctimn‘of.vlable apornzoites into culture
veasel. Test chemlcals can ba intvoduced at thias
time ov mubaequently. The test chemical im
introduced in the deutréd concentration in 10X%
dimethylformamidm io physiological saline. The
endpoint. of the Leal is iohibition of asexual
deve topment, stagea, and 1A datermined by microscopic
axemination of cunltures fixed sand stained 968 hrs.
postinfection. Results are vecorded as active (A),,
inactive (N) or cyLoboxic (L) dapénding on the
presence or abmence of amecovl-generstion mschizonte

and any appareunt bkoricity to the call monolayer.

The anticovcidal activity of A-28088 factorv
D dwmimastratod by this test is summarized in Table

VII.

vooo
NERTRITA A
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TABLR V11

Antic.:uc:ais.ual..m:.bixin.v A E
Antiblotic A-28086 Factar D

Cmmem, ration
of A-28088 Factor I

{meg/ml)

5

-

Resnlts

T T o 3 85 o

.02
.01

. 008

Rating

of two teamts
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Another umsetful teatures of the A-28086-
factor-D eompounds is thelr ability to {wprove feed-
utilization afficiency in ruminant animalns which
have » developed rumen function. The mechanism for
utilimétinn of the major mtritive portion
(carboliydeatea) nf ruminant, fends im wall known.
Microorganisms in the rumen of the animal
degrade carbohydrvates to produce monosaccharides and

then convert themse monosaccharides to pyruvate

compoundr. Pyruvateas are metabnlized by

micrnhioloainal procaenses to form acetates,
butyrates or proplonatesn, rcoltectively ktiown as

volnkila €tatty acidn (VFA). For avMOre‘detailéd

dirennsion. mee fang in "Physiology of Digestion and

Metabolimm in the Ruminant.” Phillipson pt al..

Rdm.. Orie) Prams. Newcantle upon Tyne, England,

1976, vp 49A- 419,

The relative effleciency of VFA utilizatlon

im discusasd by HcCunllough in Fesdatuffs, June 19,

18971, pegs 19, Rekeland at al. in J. An. Bol. 83,

2682 (1971); and Church at al. In "Diaeetiva
Physiology and Nutrition of Ruminants,” Vol. 2,
1871, pp 622 and 625. Although acatstes and
butyrétnn are utilizad, propipnagbé ares utilized
with grester efficiency. Furthermore, when too
1ittle propionate im available, animals may develop
ketonis. A beneficiel compound, therefore,

astimmlates animals to produce a higher proportion of

44
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propionates from carbobydrates, theraby inoreasing
carbohydrate-utilization efficlency and also

reducing the incidence of ketosis.

The activity ot anch a benaficisl compound
L4 can be determined by nbrarving 1te affect on the
rrodoction and concentration ot vroplonate compounds

in the rmmen. waing the fotlowing wethods:

Romen 1 luid is obtatned frnm-a nteer with a

mirgically-installad fistula opening into the rumen.
17 The mtesr is maintained on a high-grsin ration. A

samples of rimen flold ir atralned throwgh four

layars ot chasraclinth, nnd;thn tilttrate im

aal lacted The particulate mnhtar'ratainad by the

cheaaacloth s raanapendnd in enongh physiological
15 buffar to retuen 1t to the nriéipal volume of the

rumen fluid, and this sauspenmion is strajned again.

The butfer uwsed has the toillowing composition:

AR

AV v e , — Y
: , BAD ORIGINAL )
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tngrediant g/liter
Ma, A TP, B BT T
KH, PO, B 162
"Ml "7\ 280
KO o ‘
[ TEYR | % e WA N
Mp_}'.(}“ a2
(210 |,.’-£ ,'),H.{.‘l'l @ _onn
Wesithy 7THA0 0 von
MRt o0 @ 0Ny
20t TH 0 Q.04
Cusiny . 6HL,0 ' o002
Cot ., B0 CB.unl

“ap dascribed by Cheng et al  in J. Daivy Bed. . 34,

1225.-123a0 ¢ 198hH)

The two () 1seates ava combinad and aliowad
to stand uwntitl pirticuninke matbar neparaf.en tn the
top The clenr bayar in ereparated, ditoted with the
aama ntter (1) and Hmn' adiusted to hetween pli

B.8 tn 7 O

Tha i luted rHmen {initd (10 ml 1 ims vlaced
In 265-ml. flapk with 46 mg. of the above-described

N .
faed, aon additional 1wt of soyvbean protein, and

the compomued 1o be teatad Fonre raptteate fliasks

need prr treotment Y et of fonr conbrol lanks

anch are aleo amployed £ xera-btime control and an
‘»..’.‘

BAD QR.IGINAL
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incubated 18-hour control are used. All temt flaska
are Incubated for 16 hours at. 38°¢. After
incubation the pH ia measurad, aud 20 parcent
metaphosphaoric acid (2 m!. ) ia added to each flask.
The samples sre allowed to setils. and the
supernatants are analyzed by gas chromatography for
propionate, acetate, and butyrate compounds. Active
compounds significantly increase propionate

production over that of controls.

Teat-compound results are statistically
compared with control results. Table VIII shows the
raﬁio of volatila~faﬁby~actd concentrations in A--
28086-tactor-I-treated flasks to concentrations in

control flaske.

TaplLE_vill

A-28086 D Molar % Molar % Molar % Total VFA
meg/wml.  _ Acetate . Butvrate _Provionate  mM/1l

1.0 0.07186 0 71973 1.7981 1.1979

0.3 0. 8976 08726 1._6BT1 1.906830

47 .
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The &-2A986-factor-D compounds of this
invention ara typically affective in increasing the
efficiency of fasd-utilization when administered to

runinants orally at rates of from about ©.06
mg./kg./day to about 5.0 mg./ke. /day. Host
henaficinl remalts are achieved at rates of from
about 0.1 mg./kg./day to about 2.5 ma./kg./day. A
prafarred mathod nf administration of an A-28086-
factor- compound is by mixinag it with the animals’
feed; howaver, it can bhe administered in other waya.'
for n;ampla, tahlets. dreonches, bolupes, or
capsules. Formu!éttnn of these various dosage forms
can be accomplished by methods well kuown in the
vatarinary pharmaceutical art. Rach individual
donsage unl@ should ecoutain a guantity of an A-

ZBHBOwIHntorwh compound directly ralatad to the

propér daily dose for the animal to be treated.

This invention furthar ralates to feed

compositions adspted to fatten catkle comprising

‘cattla fead and from 1 to 30 grams peﬁ ton of an A-

28886-factor-D componnd.

in order to illustrate more fully the
operation of this invention, the following examp lemn

f
ara provided.

48
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A. Bhake-flesk Fermentation nf A-20086

A culture of  Strertomvcem aureofacliens

NRRL 8992 was prepared and waintained on an agar

5 alant having the following compoaition:

3,
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Inaredient Amount
KoHPO, 2 8.
Hgﬁo4ﬂ7ﬂgﬂ Q.26 g.
NH 4NOq 2 B.
CaC0g - 2.6 g.
FeS0, . TH,0 | B.001 a.
MnCl, . THi0 2. 001 &
ZnB04 . THHO ‘ 0.001 @a.
Glucos=s | o g.
Adgar 2a g
Palonizad water-q.8. | 1 Jiter
i (onadinsted) 1.1

The mlant was inoculated with bBtreptomyces
aursofecienn NRRI 8092, aud the inocnlated slant ;an
incubated at~3ﬂ"ﬁ. for abont seven daysn. The mature
alant culture was cé&ered with sterile ‘boof aerum
and was scraped with a stecile loop to prepare a
spore and myrelial suspension trom the aslant
o@ibure. The resulting suspension was lyophilized
igﬁo " maximuﬁ of six pellets.

me of the lynpﬁi]a pe)lets thus prepared

wam uséed to innculate 58 ml. of & vegetative medium

having the following compnﬁjtion:

Ei
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i

Ingrediont Amoyn L
Gluconme 26 g
fioybean flour : 15 g.
Corn ateep liquor 10 g

5 CaC0g | | Y
Tap water q.8. 1 Jitar

pl adjusted to pH 85 with di] NaOU

The inocunlated vapgetativa moedivmm, . In a 260 -
mnl. Erlemmayer flask, waa Incobated at 309C. for 48
10 | hours on a rotary shaker at 250 rpm with a two-inch

arc.

Thins 1nncubsted vegetative medium described
above (#.5 ml., | percent) was used to inoculate 6@
ml. of a fermentation medium having the following

16 compoaition:

SAETOIEID
&)
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~ tpgradioot ' " Amount
Tapioca dextrln‘ 60.9 g8
'anymﬁﬂhydrolyzed cnﬂein“ 8.0 g
anymgtic hydrolyante ot unuetn*'* 2.6 g
Calg 2.0 g
Mas0,4 TH0 0.5 g. |
Blackstrap molanses _ 15.0 &-
Refined noybean otl 6.9 ml.

. Tap water q.m”. 1 liter
rH (unadjuﬁted) A.8
*

gtelay Dextrin No. 1L, ALK, fitaley Co., bacatur,
it )

X amber RHU, Amber Laboratories, Juneau, Wimsc.
k% g7 amine A, Shetfleld Chemical Co., Norwich,
N.Y.

B. Tank. Fermentation of. A-28006

The initial proneduars Amacribed in (A) for
the phake-flank fermentation of A--2A086 was alpo
ﬁsod for tank fermentation. In order to produce a
larger volume of fnocalum, 1@ ml. of the incubated
vegetative medivm was umad to tnoculate 400 m)l. of a
second-stage vegntativé madium having the  same
composition an that of the vagntativc medium. This
ascond-atage mediom, in & 2--1iter Erlenmeyer flask,
whe incubated At 297%¢. for 24 hours on 8 rotary

shaker at 250 rpm with a two-inch arc:

BAD ORIGINAL

- o e sl
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. This incubated mecond-stage  vegetative
[
medium (B80® ml) was nwmed to inocunlste 100 Jiters of

aterile fermantation medium having the following

componsition:

Ingradiont Amount
Taploca daxtrin* .6 g/,
Enzymes-~hydrolyzed canain®® 6686 a/l.
Enzmymatic hydrolysate of uaﬂajn*'* 2.9 p/l.
a0y 2.6 a/l.
Mpufio . TH.,0 2.5 a/sl.
Bleckstrap molparesn h.e g/).
Refined soybean oi) 5o wi/l.
Tap water q.8, 1 tiger

pH (unadjusted) 6.6

* Steley Dextrin No. 11, A.R. Staleay Co., Décatur,

JLL.
e Ambar FHC, Awber lawboratortes, Junasn, Wisc.
bt NZ Amine A, Sheffeield Chemical Co., Noiwich,

N.Y. ,

The gl of the medium wae 8.8 5 0.1 after
atntilizatjon by autoclaving at 121°C. for 30
mindted at 15H-20 pounds pressure. - In o 165—1}ter
ferméntatjon tank, the inoculated production medium
wans allownd to ferwent for 10-12 days at 28‘+ 1°¢,
The fermentation medium wae neraﬁeJ with ebafile air
at  the .ratn af 9.4 volueee of air per .voluno. of

culture sedium per minvta. The madiuve wae stirred

with conventional agitators at 306 rpm.
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RXAMPLE 2

The A-20RB8 antibjotics were  produced
according to the process of Example 1, but using a

mhake-flask/tank production medinm having the

b following composition:
Ingredient. Amount
. Taplooa dextrln* j0.e¢ g/l.
G luoone ' 1.  g/l.
anyma»hydﬁolyzed caaeln*' , 3.0 g/l.
10 Enﬁymatic hydeolysate of ﬂaﬂﬁlﬂ*** 1.0. a/1.
Yeast extract 2.6 g/l.
CqCOs 2.0 g/l.
' MgB0, . TH,0 1.0 g/l.
Blackatrap wmolansses 16.0 g/1.
15 Refined soybean oil Hh.0 wml/l.
Tap water q.8. 1t liter

pﬂ'(unadjuahed) 6.6
¥ gtaley Dextrin No. 11, A.K. Btajey Co., Decatur,
i . iYr. ¥ '

20 *€ Amher KHC, Ambqr‘Laboratoriee, Juneau, Wisc.

*EK  go prine A, Bheffeield Chemical Co., Norwich,
Amin ‘

»
The pil of the mediwm wase B.A‘ after
mterilization by antoclaving as described in Example

2bh 1.
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KXAMPLE A

timparation of _the A-20088_ Factors A. B. aod D

Whole fermentation broth (80 liters),
obtained by the method descrihbed in Example 1, wasm
adjuated to pH 3 by the addition of dilute HCIL. The
resulting solution wam fiiltarad ueing a filter ald
(Hyflo Super-cel, a diatomacenus narth, Johns-
Man.ille Producte tlorp. ). The separated mycelial
cake wan extracted with 30 ltters of methanol{

adding 1 668 kg of NaﬂCﬂa to the extrant with

]
- mtirring. After separatinn of thie extract, the

mycelial cake was again extracted with anobhar‘ﬂe
litera of methanol. The two methanol esxtracts were
combined and concentrated under vacuum to remove the
methano!. The remaining aqueous molution (about 7
liters) was adjumted to pH 7.6 with dilute HCl. The
reeultlng solution was extracted twice with ethyl
acetate (7-liter portions). The sthyl acetate
extracte were combined and concentrated undgr vacuum
to give an aily residue. This o0ily residue wae
dismolved in 1500 ml. of scetone. Water (1500 ml)
was added to the acetone an]ﬁtion- The resulting
molution was adjusted to pH 3 wié% dilute HCl and
was stirred one hour. The precipitate which had
formed was eéparated by filtration and then was
dimsolvad in acetone (1509 m)): water (400 ml) was

added to this solution. The resulting snlution was

]
o
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allowed to stand for 16 hourse for crystallization to
occur. The crystale formed were separated by
filtratl;; ﬁnd dried under vacinm to give 74 g.
crude cryetalline product containing A-28086 factors

D and A and other crystalline impuritien.

This crude crystalline product (49 s-) was

dissolved in about 250 ml. of benzenas. The benzene

‘molution was then applied to a silica gel column (9-

x 120-cm column; Grace-Davidson grade 862 silica
gol). The colusn was eluted successively with 4@

1iters of each of the following:

1) benzene

2) benzene: ethyl acetate (B:1)
3) hen;ene: ethyl acetate (4:1)
4) banzens: eathyl acetate (7:3)
6) benzena: ethyl acetate (1:1)
8) nthyl acetate

7)  wethanol

Dné—liter frantions were collected. Each fraction
was checked by amsay against Bacilua aubtilis and by
thin-layer chromatograpﬁy to identify the eluted
compoundn . A»ZBOBBwI was aluted withl benzena:ethyl
acstate (4:1). A-28088 factor B was meparated
during elutioo with benzene:athyl Aacetate (7:3).
A-2B0R6 factors A and D werms eluted ié thg fractions
obtainerd with benzene: ethyl acetate (7:3 and

1:1), fractions 119-1506. ‘These fractions wers

Al B
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" combined and evporated to dryness imder vacuum. The

residus thus obtained was dissolved in acetone (500

‘ml.). Wrter (6500 ml). was added o the acatone

solution, and the resulting solution was Adjusted to
pll 8 with dilute HCL and wase stirred for one hour.
The precipitate which formed was separated by
filtration and was crystallized from ascetone ({600
ml.)-water (180 ml). The crystala thus formed were
neparated by filhﬁation and dried under vacuum to
give 20.1 g of a mixture of A-20088 factora A and

D.

B'7
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Separation. amLBuni;ﬁ.LcatJ‘nn_pi._..Indumunl _Factora.__ A
and D

The crystalline mixture of A-28086 factors
A and D obtailnedd 1n Kxample 3 (18.8 g.) was

dissolved in benzene (5@ ml}. The benzene solution

" wams applied to a silica-gel colwan (7- x 100-cm

column; F. Merck grade 80 silica gel, finer than 230
mesh ASTM). The colomn was eluted, at a flow rate

of 90 ml. per hour, snccessively with:

1) 12 lLiters of benzene
2) 12 liters of benzene:ethyl acetate
(9:1)

3) 12 liters of benzene:ethyl acetate
(4:1)
1) 32 Jiters of bhenzene:ethyl acetate
| (7:3) |

6) 10 liters methanol

Thin-layer cellulose chromatography (Merck
Darstadt ce)lulose on alupinum support) was followed
by B. subtilim bloautography to monitor the elution
procedure. The following solvént system was used:

water:methanol:ecatone (12:3:1). adjusting the

.solution first to pH 10.5 with NHOH and then to pH

7.5 with HCL.

3t
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One- Lo hw0mlj£er fractions were collectad
until asctivity wams rdetecinsd; then 200-ml. fractions
were collected. The frantions containing oﬁly A~
280868 factor D were combined and evaporated under
vacuum to n residus. This residue was crystallized
from acetone-water (1:1}. The oryatals were
separated and dried under vacuum to give 140 wmg. of

crymtalline A-28086 factoc 1.

The fractions contalning A-208088 factor: - D
with a trace of A-200868 factor A were treated in the
msame wmanner to give an edditional 150 wmg. of
cryafalllna A-20008 factor D containing a mmall

amount of A-280A8 factor A.

The fraotions contalaing only A-28086
factor A were also treated in the same manner to

give 4.7 g. of crystalline A~28088 factor A.

RXAMPLK 5

' A-28086 Fector D Acetyvl Eater Derivative

Antibilotic A-28088 factor D 1ls dissolved in
pyridiﬁe. ‘A atnichiémotric amount of acetic
snhydride is added to this solution. The reéulting
molution im mixed thovoughly and then is allowed to

stand overnight at room temperature.
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An excess of water s then added, mixing
thorovghly and alléwlng the mixture to stand for
maveral hours at room temparature. The precipitate
whiéh forms is separated By f1ltration. washed with
water, and dried. Tﬁa‘resulting solid im dimsolved
in acetone aﬁd evaporated to dryness under vacuum to

give A-280H8 fantor D) acetyl =ster derivative.
EXAMFIE 68-0

Antibiotic A-20006 factor D propionyl ent.or
derivative, prepared by reacting A-20086 factoq ﬁ
with propiontc anhydride in the presence of pyridina

according to the method of_Kxampla H.

An&ibimrln A-200R8 factor D n-hutyryl ester
derivative, prepared by reacting A-20088 factor U
wlth n-butyrie anhydride In the praaonés of pyridine
according to the method of Kxample 6.

Anﬁihintic A-28088 factor D p-caproyl ester

dorivahiva, prepaved by reacting A-26086 factor D
|
with coaproic anhydride 1in the presence of pyridine

according to the method of Example 6.

Antibilotic a-28088 fagtor D p-valeryl ester
dofivative. prepared by reacting A-208086 factor D
with valeric anhydride in the presence of ryridine

according to the method of Example 5. .

)
<
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REXAMPLE 10

Preparation of A-26086 Factor D _Godium Sialt

Antibiotic A-200868 factor b is dissolved in
aceﬁnna, An eguivalaent amount of water ia added to
this solution. and suffcient 5 N sodium hydroxide i=s
added to bring the pH of the =olution to about pH
11. The resulting solution s atlrred for abwut an
hour and then is extracted with ethyl acetate. The
athyl acetate extract is evaporated under vacuum to

pive A-2080R6 factor D sodium salt.
EXAMPLES 11-13

Antibiotic A-28088 factor D potassium salt.,
prepared from A-28086 fanhorrh and 5 N potassium

hydroxide, using the wmethod of Example 10.

Antibiotic A-280R6 factor D bariuh salt,
prepared from A-280868 faclor D and saturated barium

hydroxide, using the method of Example 10.

Antibiotic A-2806868 factor D cesium salt,

prepared from A-280868 factor D and 1 N cesium

hydroxide, using the meathod of Example 10.

81
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EXAMPI.E 14

Chick Ration Containing A-280686 Factor D
for Coccidioala Control

A balanced, high-energy ration adapted to
fead chicks for rapld welght gain is prepared by the

following reclpe:
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Ingredient

Ground yellow norn

- Soybean meal, solvent -

oxtracted dehulled,
finaly ground, 50 er-
cent protein

Andmal fatb (beat tullow)

Pried fimh meal, with
aolubles (80X protein)

Distillera’ solubles
from corn

Dicalociom rhosphate,
fred grade

Caletium earbonate

Vitamin premix
(represeanting vitamins a,
D, B, K, and le, choline,
niacin, pantothenic acid
riboflavin, biotin, with
Alucore bulking agent )

Trace mineral premix
(representing MnﬂOd, Ay,

2—Aminnw4whydroxybutyric
acld (hydroxy analog of
methionine)

A-28088 Factor b

He

).y

8.5

2.5

2.1

0. .01

lbna

1,000

621 .

130

190

ie

18

1@

N
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Thene ﬁubstancea are mix;h in accofdance
with standard feed-mixing techniques. Chicks fed
such a ration, with water pd libitum, are protected
againﬁt exporure tn coccidiosing weight gains are

b comparable to those ot envetdinnis-frae chicks fed a

gimitar, unmedicated diet.
EXAMPLK 5
Beet-Coatt lo...RaLlnanuntn,lnlng-.A:Zﬁnﬂﬂ,.a:,z&ﬂhﬂ.‘.MLQrJ

A balancad high-grain beaaf-cattle ration is

10 prepared as follows:

a4 .
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ingradient

Finely groun corn
Ground corn cob

Dehydrated alfalfa meal,
17 percent proteiun

Delntl lad moybhean meal,
solvent axtraoted,

59 percent protein
Cane molassas

Urea

A-20088 Factor D

Dicaleium phosphate,
feed grade

Calcium carbonate
Sodium chloride

Trace mineral premix

Vitamin A and Dz premix*

Vitamin R 1,):‘91!11]):"”'r

Calcium propionate

* Containing per pound:

B 70592

87.8
10

9.9956

ﬁ

9 .0044

0.6
9.3
¢.03
9.07
0.05

.16

- lthe

1368

200

100

199 .0912
100 .0
12.@

?.088

10.0

10.0
6.0
9.8
1.4
L@

3.0

2,000,000 1.U. of

vitamin A; 227,200 [.U. of vitamin D, and

385.7 g. of soybean feed with 1X oil added

* kK

(orn distillers dried grains with

solubles containing 20,000 (.0, nf.d~alphaw

r

tocophery)l acetats per pound

an



Jot: 76523

The mixed fead was compressed into pellets.
At an average daily ingestion rate of 16 pounde of
feed por animal, this feed avpplies approximately

300 mg. of A-28088 factor D per animal per day .

38
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" We claim:

1. A moLhod of lnnreﬁﬂing :fendw
ntilization oﬁflclquuy in vreminant animals which
comprisen orally ndminjateriﬁﬂ to animals uaid an
effective amownt of A compound selectad from the
group congisting of antiblotic A-20e00 factor D
which is s white crystalline compound when
orystallized from acebtons-wnter; which ip n.aoluble
1n methanol, ethanol, dimethylformamide, dimethyl
mulfoxide, ethy)l acmtate, ¢hloroform, acetone and
benzens; but which is only mlightly solubles in

hexgne; which is insoluble in water; which meltﬁ.at

about 96-90°C., and which has:

a) a molecular welght of 778, ae
deatermined by high-resolution pana

apactrometry;

b) an approximate slemental composition
of 07.69 percent carbon; 9.88 bercenﬁ

hydrogen, and 22.77 percent oxygen;

) an empirical formmla of 044H74011, an
determined by high-resolution maes

spoactromatry;
»

d) a opecifio rotation of -56° (é‘z 0.1,

methanol) when determ%ﬁed at 26YC.;

) an infrared abaorpblén spactrum in

chloroform with the follnwing. 



ﬁ.du,r§:43, 350, J.Bﬁ.

TR, T s, U.00, 9}26,

el _ 10506, 1. 16, and 11.49 m1c$ona.
3 . 5 Al 1) ne oboervable

in 9% percent

.“}/‘»

h u

7 4 nuelaar mﬂpnnrio rnuunnndé npectrum

4.00, 3.98, 3.92, 3.06,

3,07, 3.64, 3.67, 3.54,

271, 2.62, 2.08, 2.40, ] o
2.28, 2.21, 2.15, 2.10, o
1.89, 1.83, 1.70, 168, KRS
1.56, 1.47, 1.39. i-sa. | L L :
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Rf Value

0.19

.26

0.20

0.26

0.28

0.08

2.64
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fiolvent:. Symtem

Water maturated with mehyl

inobutyl knhnns (HIBK)

Water maturated with MIBK

plus 2% p-toluenesulfonic

acld and 1% piporidlne

'

Wabber:mebhanol:aoagone
(12:3:1)~ adduatod.bo pi
10.56 with NH,0H and then
lowered to pH 7.8 with
HgPO, '

1% MIBK, ©.6% NHOH in

water

17.4 g. KoHPO,, 30 @l.
El

sthanol per liter of water

Benzene uﬁburatad with
water’

Water

iwatar:HIBK:ebﬁil‘uoebate

(98:1:1) ’ ,

»

an acid function capable of'fq%ming

salts and ester derivatives; and

at leant oné hydrox¥l gréup d&pabla

¢

of emterification; ;

71
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