
775,115                                           TABLE II - continued
Test  Organism                         A           B            C
D          ATCC  14                              0. 122       6.25
0.24         0.292          ATCC  361                             0. 073
12.5      0.147        0. 292          ATCC  10143
0.073        6.25        0.147        0.122         Mycobacterium  sp. ATCC
9820         0.58         6.25        0.58         2.34         Candida
albicans ATCC  10231           > 100        > 100.         > 100.        >
100.                A  =  Chlortetracycline hydrochloride               B
= Chloramphenicol               C  = Tetracycline trihydratc
D  =  Oxytetracycline hydrochloride            P.C.I  =    Penicillin
control Immunology        A.T.C.C. = American type culture control
Table II  sets forth the cultural   character-  duction  of tetracycline.
These characteristics       istics of two isolates derived from the culture
are identical with those exhibited by a known       of Streptomycas
aureofaciens hereinbefore  re-  culture of Streptomyces aureofaciens.  5
ferred to which  have been used in the pro-
TABLE  III                 Lactose brothe   --    yellowish growth settled
on  the bottom,  no                Glycerin  broth  -  yellowish growth
settled on the  bottom, no  



Sucrose broth   -    yellowish  growth settled   on the bottom, acid
Litmus milk   -        -- surface growth, slight clearing, no pH  change
Gelatin stab     -        growth good  at the  surface, no liquefaction,
Asparagine-meant -       slightly yellow pigment,    good  growth, aerial
[err]             6                                            775,115
The  strains or mutants of Streptomyces     before referred to under
submerged aerobic               aureofaciens which are preferred in
carrying  conditions with suitable aeration and  agitation,      out the
present invention are these    which pro-      as for example, in a flask
on a shkaing machine           duce relatively high yields of tetracycline
in      or in  a stirred [err] equipped with a      the fermentation
medium, particularly these                sponger for inducing a stream of
air con- which will produce more than 500 meg/ml.           tinuously, The
temperature does not appear to One strain when grown on on Waksman agar
be crtical within the range of 25[err] - 35[err] C  (journal [err] ; volume
7; 339-341        although the range of 30[err] - 33[err] C is prefer-
1952) [err] heavy [err] growth which is   able.  The intial pH of the [err]
should be off-white at fast, becoming yellow and which    close to [err]
althouh some of the anti-      is gradually covered with a powdery white
biotic is produced in [err] with initial pH      aerial [err] which later
sporulates.   Old                values as low as 3.5    or as high as 8.5.
slant's exhibit a jet-black coloration with small       A  formentation
medium suitable for the      patches of white  mycelium.    This  black
growth,   production  of tetracycline contains a source of 15  which   has
not heretofore. been  reported  in   assimilable   carbon, such  as  an
assimilable  80      cultures of Streptomyces aureofaciens   and is
carbohydrate, a source of assimilable nitrogen      not a characteristic of
the species, consists of             Inorganic salts such as phosphates and
mag-        a mass of bodies in short chains which  are   [err]  salts, and
source of   the usual minor        easily disrupted.    These bodies are
variable in   elements.  Buffers are usually included. 20   size and
shape, ranging approximately from                The  carbon source may be
either a soluble  85      0.5 up to 4.5  mu and varying in shape  from
carbohydrate such as sucrose or an insoluble      oval to  slightly angular
globose spherical. The           one such  as starch, for example, corn
starch.                     average size is  somewhat greater than those in
Dextrin may also be used. Although  sucrose,      Streptomyces aureofaciens
(NRRL-2209)  and    a soluble sugar, is quite satisfactory, lactose 25
there is greater variation in size  and shape.    and  glucose, two  other
soluble  sugars, are   90         Both  natural and induced mutants of
relatively poor. The amount of carbon source      Streptomyces
aureofaciens  may produce tetra-   may vary widely from about 0.5 to 10.0%
by      cycline  in  varying amounts, in  addition to  weight of the  total
weight of the fermentation      chlortetracycline. By selection of a
natural or   medium 30   induced  mutant which produces a compara-
As a source of assimilable  nitrogen  the   95      tively high ration of
tetracycline to  chlortetra-   inorganic ammo ium salts are suitable.
Among            cycline, and [err] the organism under
these are ammonium  sulphate  and ammonium 



controlled  conditions,    a comparatively  large   phosphate. It is also
possible to use organic      yield of tetracycline  may be   obtained.
[err]  of nitrogen such as    the amino acids 35      Among   mycologist
the  classificattion  of  and  various [err] natural materials
micro-organisms is frequently a difficult prob-          Included among the
inorganic salts  found       lem, and different mycologists may arrive at
advantageous  are phosphates which may be             different
classifications for the  identical   organ-   present either as ammonium
phosphate or as      ism. The appearance of Streptomyces aureo-
metallic phosphate such as     potassium phos-  40  facions under different
conditions may differ         phase, magnesium sulphate and a source of
widely, Morphologically indistinguisable     potassium  if this is not
already   present, for strains of Streptomyces aureofacians vary  example,
as potassium phosphate.          markedly in their production of
tetracycline         Addition of  small amounts of the  heavy
and  [err] and in the ratio between        metal is  desirable unless they
are present in 45   the  two.
the   other ingredients. Among these  trace  110        Tetracycline has
been produced by the              elements which may be present as
impurites                growth  of many natural isolates of Strepto-
or added are copper, zinc, [err] , iron and      myces aureofacians. The
gross appearance,  and       chromium.        detailed examination of these
isolates vary                    Among the buffering agents are calcium 50
considerably,                                                  carbonate
and salts  of organic acids such as                         115
[err] and induced mutants or various                           the
citrates, acetates and [err] which are have been obtained with growth
colours in                      useful in maintaining the pH within te
proper     various [err] of red, orange, yellow, green
range.  In addition the organic   acids may serve brown and grey; hey have
[err]                                        as source of carbon in  the
metabolism  of the       55  habit, especially in liquid in shaker
micro-organism. The use of a defoaming agent flasks from filamentous to
short length hyphae                        is desirable in large sclae
feremntors, even elements giving a pasty yeat-like appearance
though in ths fermentation foaming is not a The mutants may differ in
vigour and rate of                          particularly difficult problem
and is readily growth so that maximum growth in submerged
controlled by th use of conventional defoam- 60 cultures may occur over a
period ranging from                      ing agents such as octadecanol in
lard oil or about a day to over a week, The rate of growth
other suitable commercial defoamer. is not necessarily co-extensive with
antibiotic                       Micro-organisms of Streptomyces aureo-
production
faciens which produce chloreteracycline may be We have found that during
the fermentation,                          used to produce tetracycline by
reducing the It is desirable to grow the organisms herein-
available cloride ion in the fermentation dd
775, 115                                  7 medium to a minmum. There is
some con-     inoculum for inoculating larger ferementations. comitant
formtion of chlortetracycline if a      For large scale tank fermentation,
the slant substantial amount of available chloride ion is      growth is
used to seed a suitable liquid medium present, and to recover a product
free from      in shaker flask which is shaken on a reciprocat-
chlortetracycline, it may then be necessary  to     ing shaking machine at
temperatures ranging employ selective recovery steps which excluse
from 25[er] -35[err] C, preferably at 30[err] - 33[err] that substance from
the recovered product.         A second shaker flask stage is usually
employed 



There are various ways of controlling the          in conjunction iwth
submerged tank fermenta- chloride ion content. One way is to sequester
tions in order  to increse the volume of the 10 the chloride in an inactive
complex. Success-     shaken inoculum equal to 1.5% to 2.5% of ful results
have been obtained by he use of       the liquid volume in the tank. The
rection distilled water and the use in the medium of      of the shaker
flask medium is within the range constituents which do not contain
chloride.       of pH 6.5 to 7.5 initially and, as growth So-called
synthetic media, of which examples      occurs, a continous drop in the pH
value is 15 are given below, serve that purpose. Many      observed with
values as low as 3.8 being natural maerials often used in fermentation
recorded however, a physiological age as indi- media contain chloride.
Their use is possible        cated by a pH value of 5.0 is apparently the
nevertheless if they are first deionized by        most favourable period
for transferring the treatment with ion exchangers or other suiable
inoculum. means of removing chloride ion.                    The shaker
inoculum equal to 1.5% to                We have devised a synthetic medium
which        2.5% of the liquid volume in the    tank, is     is
substantially free from chloride, which pro-       aseptically transferred
to the   fermentor  and      duces superior    yields, is easy  to prepare
is   grown for about 2 to 3 days with continuous     lower in cost and is
consistent in composition.         agitation and [err].  Air rates equal to
0.5 25  This medium   contains sucrose as  the carbo-    to 1.5 volumes of
free air per volume   of liquid   85     hydrate,  ammounium sulphate  as a
nitrogen   medium may be used depending  the size     source, potassium
phosphate as an  inorganic               of the fermentor. Foaming of the
broth can     salt, magnesium sulphate, calcium carbonate,          be
controlled by the sterile  addition of an  anti-     sodium     citrate
and acetic acid as buffering    form   agent such  as lard  oil containg
2%     hydrate,   ammonium sulphate as a nitrogen            octadecanol.
30   agents  and copper sulphate, zinc sulphate and
90     manganese sulphate in small quantities as                   RECOVERY
AND PURIFICATION     sources   of   trace elements   Substantically
The tetracycline may be recovered in  various     chloride -free  grades
of these  materials are         ways  from  the  fermentation    medium.
For     selected, and distilled water is  used, so that          example,
the  fermented  material may be   added 35  this medium contains not more
than 1 ppm of              directly to animal  feeds,  thus providing a  95
chloride.                                    product particularly suited
for stimulation of                                                  growth
and/or the  control of disease. When     The composition of this [err]
medium is:         the mycelia and insolubles are not desired, the
fermentation medium may be filtered with or            Sucrose
30  g/l          without [err] and the clear liquor
(NH[err])[err]SO[err]         8.1                 added to drinking water
or animal feeds  for            Na[err]C[err]H[err]5H[err]O         1.0
the same purposes. If desired, the liquor con-            MgSO[err]7H[err]O
0.25                   [err] teh tetracycline may be concentrated
K[err]HPO[err]                0. 57             under reduced pressure or
by spray drying and            C[err]CO,                       1.0
the  antibiotic used in the crude form for               CH[err]COOH
0.1 ml                   growth [er] or the control of [err] 45
CuSO[err]5H[err]O                   3  ppm             of disease in man,
animal and fowl            Z[err]SO[err]H[err]O      50 ppm
When it is desirable that the tetracycline be            MnSO[er]/H[err]O
2 5 ppm          in a more lightly purified state it may  be recovered from
the feremented medium by a 



inoculum for fermentation may be prepared             variety of procedures
which include one or from growth obtained on slants inoculated with
more of the steps, in various orders of adsorp- 50 a strain of Streptomyces
aureofaciens.  A suit-        tion, elution, solvent extraction, with or
with- able medium for the slants is Waksman agar               out carriers
crystallization, precipitation in the having the following composition:
form of insoluble salts of calcium, barium, Glucose       10 g/l
6.5 or as isoluble salts with sulphaes or sul- Peptone        5  "
phonic acids of the wetting agent or azo-dye KH[err]PO[err]  1 "
type; or it may be extracted into solvents with MgSO[err]7H[err]O 0.5 "
carriers such as sulphates o sulphonates of the Agar                20.  "
wetting agents or azo-dye type. The tetra- cycline may be separated from
the crude mash The slant growth may be transferred to
by acidifiying to a pH not exceeding 3, and the shaker flasks which may be
used as small scale             tetracycline will pass into the aqueous
layer laboratory fermentors or for the production of              and the
insoluble solids may be separated and rs, of adsorp-           8
775,115     removed.  Alternatively   the  nutrient medium    range from  3
to 7, precipitation starting at the    may contain a source of calcium,
strontium,  lower value.    barium or magnesium cations thus enabling
The quaternary ammonium salts that are    the antibiotic activity to be
precipitated as it  particularly useful in this recovery method  are. 5  is
formed Tetracycline may be precipitated in  alkyl  trimethylammonium
chlorides  and   dialkyl  70     aqueous solutions as precipitate with
calcium,         dimethylammonium     chlorides wherein  the     strontium,
barium  or magnesium  cations at a  alkyl group contains from 8 to 18
(inclusive)     pH  above  6.5. This precipitate may be   carbon atoms.
extracted with acidified water or with organic     In order that the
invention may be fully 10  solvents such as the alcohols, alkoxyalkanols or
understood it will now be described with refer- 75     ketones. The
extraction  may be under  acid,  ence  to  the  following  specific
examples,     neutral or basic conditions. Similarly, the  Examples I to II
illustrate  the  production  of     aqueous solution containing
tetracycline may  the antibiotic, tetracycline, by fermentation     be
extracted by aqueous layer immiscible  under submerged aerobic conditions:
the same 15  organic solvents such as aqueous layer immis-  media may be
used for fermentation in shaker  80     cible lower alcohols,
alkoxyalkanols, esters and  flasks on a smaller scale or in tanks on a
larger     ketones. Of known  solvents such as butanol,  scale. Examples IV
to IX. illustrate recovery     chloroform  and ethyl acetate, butanol is
pre-  and purification.     ferred for the extraction of tetracycline.
Certain              EXAMPLE I 20  alcohols such as isopropanol which are
water    A corn steep liquor medium was prepared  85     miscible, but are
immiscible with a saline solu-  in the following manner. Corn steep liquor
of     tion are also useful. The addition of a water-  approximately 50%
solids content (w/v) was     soluble organic-layer- insoluble salt, such as
an  diluted with distilled water to give a final     ammonia  or amine
salt, or an alkali metal  concentration of 2%. The resulting diluted 25
halide, or sulphates, assists in the extraction  material was passed
through a column packed  90     procedure.
with 30 litres of a mixture consisting of 2.        The tetracycline may be
caused to precipi-  volumes of Amberlite IR45, an anionic  ex- 



tate from aqueous solutions by the addition of  change resin, and  1 volume
of Amberlite     water soluble salts such as ammonia or amines  IRC50, a
cationie exchange resin (the word 30  or alkali metal halides and
sulphates. The salt-  "Amberlite" is a Registered Trade Mark).  95     ing
out may be  assisted by a small portion of  Collection of the effluent did
not start until     an organic solvent.                           the
resistivity had risen to 5,000 ohm-centi-        Chlortetracycline if
present in the fermenta-  meters and continued until the resistivity had
tion mash normally comes through these pro-  dropped below  3,000
ohm-centimeters. To 35  cedures with the tetracycline The chlortetra-
1,000 ml of the deionized corn steep liquor 100     cycline may be
permitted to degrade by main-  solution there was added the following com-
tainig the mixture under such conditions that  ponents for the preparation
of a medium suit-     the tetracycline is more stable, or the chlor-  able
for the propagation of inoculum and for     tetracyclinle may be reduced to
tetracycline.    the production of tetracycline to  produce a 40    We have
also devised a novel recovery  medium containing about 17 ppm of chloride,
105     method which is highly effective both from   although a lower
chloride content is preferred:     the standpoint of recovering a product
free     from inactive impurities and from the stand-        Sucrose
30.0 grams     point of recovering a product free from other
K[err]HPO[err]             15.0 grams 45  substances  concomitantly  formed
in  the          (NH[err])HPO[err]           5.0 grams     medium. This
recovery  method  yields a               MgSO,[err]7H[err]O         2.0
grams          110     crystalline product of high purity from both
CaCO[err]              1.0 grams     standpoints. In its main features, it
involves      KBr                   0.5 grams     using quaternary ammonium
salts  which selec-     ZnSO[err].7H[err]O         0.05 grams 50  tively
precipitate tetracycline from the broth,     CuSO[err].5H[err]O         3.0
milligrams      at an alkaline pH (pH 8 to 11) as quaternary
MnSO[err].4H[err]O        2.5 milligrams    115      ammonium salts of
tetracycline. Such a salt,      after filtration, is then slurried with a
small    For the preparation of an inoculum , 50-      amount of  water and
a relatively large amount  milliliter volumes of the above medium were 55
of chloroform, whereby the quaternary  ammo-  distributed  into  250
-milliliter   Erlenmeyer      nium salt of tetracylcine  is dissolved in
the  flasks and 400-milliliter volumes into 2-litre      chloroform phase
of the slurry. The water and  flasks. A dry loopful of spores from the
surface  120      chloroform phases are then preferably separ-  growth of
the tetracycline organisim grown on      ated to remove any impurities
dissolved in the  slanted semi-solid medium was used to seed 60  water. The
tetracycline is then extracted with  the 50-milliliter volumes which were
shaken at      an aqueous acid solution at a pH of about 1  30[err] C. for
72 hours on a reciprocating  shaking      to 2.5, with formation of the
acid salt of tetra-  machine (82 strokes per minute with a 2.875  125
cyline which goes into solution in the water  inch displacement). At the
end of this time      phase, from which it precipitates as a crystal-  1.0
ml of the resulting mycelial suspension was 65  line product upon increase
of the pH  to the  used to inoculate  400 ml. of medium  which
775,115                                            9             [err]
shaken for an additional  28 hours. Four  the broth showed a   potency  of
92 mcg./mul.            [err]  volumes  were pooled aseptically  and
EXAMPLE III                         65            used to seed  the
fermentor.                  The medium  for inoculum  was prepared
The fermentation medium was prepared in       (50ml  in 250-ml  [err]
flasks) with the 



5  25 -gallon   fermentors as follows:  The Com     following  ingredients;
ponents,  at the concentrations described above           were dissolved in
11.5 gallons of the deionized    Sucrose                   30.  g/l
corn  steep liquor      solution  for a final total     Sodium  nitrate
1.0 gl      70           volume of 15.8 gallons. The  medium was steri-
(NH[err])[err]SO[err]              3.3 g/l      10  lized at  121[err] C.
by injecting steam at 15 PSI    MgSO[err].7H[err]O               0.25 g/l
gauge directly into the batch for 30 minutes.      KH[err]PO
0.10 g/l           The volume  gained from the steam condensate
K[err]HPO[err]              0. 10 g/l           provided  the required
difference between the       C[err]CO[err]                 1.0  g/l
75           initial 11.5 gallons of deionized corn steep      Acetic acid
0.4  ml.      15  liquor-sugar-salts solution and of the final 15.8   Soy
grits             0.5 grams           gallons required. Upon cooling to 30
[err] C., the        Trace element solution  1.0 ml.           mixture was
seeded with the four pooled 400-           ml. volumes of inoculum
previously described,  Distilled water used to bring the final volume
agitated and aerated at a rate of 1.6 volumes  to one liter. The  solution
of trace elements has  80      20  of air per volume of medium for 38
hours. At  the following composition:          this time the reaction of
the broth which was          initially at pH  5.9 had dropped to 4.1. The
CuSO[err].5H[err]O     0.3 g/100          broth assayed 20 mcg/ml. of
antibiotic, using        ZnSO[err].7H[err]O         5.0
oxytetracycline as a standard and contained a       Mn.SO[err].4HO
0.25      25  substantial amount of tetracycline.                (The pH
was adjusted to 6.2 with NaOH)    85                            EXAMPLE II
Fifty gallons of the inoculum  medium des-    The materials were added in
the order given          cribed in Example I were made up in a 125-  and
autoclaved. The flasks, after cooling, were          gallon stainless steel
inoculum  tank and steri-  inoculated from  a slant of a Streptomyces
30  lized for 30 minutes at 121[err] C. The tempera-  aureofaciens culture
and shaken at 30[err]-33[err]          ture was brought down to 33[err] C.
and the batch  C. for 48 hours on a reciprocating shaker (3.5-   90
seeded with 400 m1. of a 72-hour old shaker  inch stroke and 97
cycles/minute).          flask  inoculum  grown in the same medium.    For
production of tetracycline the following          The tank was aerated with
l.O volume  of air   medium was prepared:     35  per volume of medium  and
agitated for a          period of 20 hours, at which time a pH of 5.05
Sucrose           30 g/l distilled water          was attained and the
broth used to seed a     MgSO[er].7H[err]O          0.25
95          fermentor.
KH[errr]PO[err]              0.15            The fermentation medium, of
very low         CaCO[err]                 1.5     40  chloride content,
had  the following com-    Citric acid          11.5          position:
NH[err].OH           10 ml
Trace element solu-                          100                 Sucrose
40.0  grams                 tion               1.0 ml (as pre-
CaCO[err]           1.0  grams                                     viously
described)                 MgSO[err].7H[err]O    0.25 grams     45
KH[err]PO[err]            0.10 grams          In each 250-ml flask there
was placed 50 ml                 K[err]HPO[err]            0.10 grams
of the medium and after sterilization, 2.5 ml
(NH[err])[err]SO[err]       3.3  grams          of  inoculum  was
transferred aseptically to each   105                 Sodium citrate    2.0
grams             flask. The initial pH was between 6.0 and 7.0.
ZnSO[err].7H[err]O     0.04 grams        After three days incubation on a
rotary shaker     53          MnSO[err].4H[err]O        0.01 grams       at
250 rpm. and 30[err]  C  the assays in ten                 K[err]CrO[err]
0.016 mg.           individual shaker fasks averarged 610 meg/ml
Acetic acid         0.5  ml              against a tetracycline standard of
1,000 meg /       110
ml for the pure material with E. coli  The          Distilled water was
used to bring the final  assay against   tetracycline  standard   was 610 



volume to 1,000 ml.                             mcg/ml. Which a chloride
content   of 0.6 ppm,     55   Six hundred gallons of   the above medium
the total potential amount of  chlortetracycline was made up  in  a  1,000
-gallon stainless steel    produced was 8 meg/ml or about 1.4 %  of the
115          tank  and  sterilized for 25 minutes at l21[err] C.  total
antibiotic.          Upon cooling to 30[err] C,  the 50 gallons of the
EXAMPLE  IV          previously described contents of the  innoculum
This is an example of recovery  of   tetra-     60  tank was introduced
aseptically    and the entice      cycline from a fermentation   medium.
To    155          contents agitated and aerated at the rate of    gallons
of broth prepared   substantially as in    120          0.68 volumes of air
per volume of medium per          Example II and assaying 68  mcg/ml there
was          minute for a period of  71 hours  at which time  added 5600
grams   of oxalic acid to solubilize              10
775,115        the antibiotic. The pH  was adjusted to 3.5
EXAMPLE VI       with  4600  ml of concentrated  ammonium         2140 ml
of "Arquad 16" was added to 1070       hydroxide and the mixture filtered
with  15  gallons of filtered fermentation broth at pH       pounds of
filter-aid to remove the mycelium   3.5 and the pH brought up to pH 10.
Twenty  5   and the precipitated calcium  oxalate. Thirty   pounds of
filter-aid was added and the mixture      gallons of a 5%  solution of
N-(lauroyl col-  was filtered and the solids washed with water.      amnino
formyl-meshyl) pyridinium  chloride, in   A one kilogram aliquot portion
of the washed      ethyl acetate was added to the filtered broth,  filter
cake was slurried with 3300 ml of chloro-      and the mixture adjusted to
pH 8.5 with 2200  form and the pH  adjusted to 10.5. This pH 10  ml of 50%
sodium  hydroxide. The mixture  value may be in the range of 8-11. After
was agitated for 20 minutes and allowed to  stirring for 15 minutes, the
solids were filtered      settle.                                       and
reslurried twice in succession with a mix         The ethyl acetate layer
of 82 litres contain-  ture of 150 ml water and 3300 ml chloroform.
ing the antibiotic was separated and extracted   The pooled chloroform
extracts containing the  15  three times using 1500 ml of water and adjust-
antibiotic and from which the aqueous phase      ing to pH 1.7 with
hydrochloric acid each time.  had been separated were then stirred with 600
Sulphuric acid may be used. The extracts  were  ml of 0.4N sulphuric acid
and the pH adjusted      pooled and adjusted to pH 7.8 with 6.5 ml of  to 2
with 4N sulphuric acid. After 5 minutes      4N  ammonium    hydroxide to
form  the rela-  stirring, the aqueous phase was separated and 20  tively
insoluble isoelectric material. The mix-  filtered. A 340-ml aliquot of
this acid concen-      ture was filtered  and the cake dried in  a  trate
was adjusted to pH  5.3 and allowed to      vacuum   desiccator. The
weight of crude   stand overnight in the refrigerator. The crystals
material was 21 grams; the assay was 417   were filtered, washed with ice
water, and dried      mcg/mg. A countercurrent distribution of the   in
vacuo over anhydrous calcium  chloride. 25  material showed some 75 %  of
the antibiotic   Nineteen  and one-half grams assaying 629      present to
be tetracycline.                   mcg/mg were obtained. There was no
detect-                      EXAMPLE V                     able amount of
chlortetracycline present.        A  fermentation medium  containing more
This recovery process is preferred as it is      than 130 mg/ml of
tetracycline was acidified   efficient in recovery and produces crystalline
30  to pH  3.5 with concentrated sulphuric acid to   material. The filter
cake comprising the pre-      solubilize the antibiotic and filtered after
the   cipitated quaternary ammonium  salts of tetra-      addition of a
filter aid. The volume of filtered   cycline  is extracted with chloroform
which is 



broth was 1070 gallons. To this broth there  wet as a result of water in
the chloroform or      was aadded 2140 ml of "Arquad 16." and the   in the
cake or as a result of being added. If 35  pH  of the broth was brought up
to 10.0 by   chloroform is used under anhydrous condi-      the addition
of 6100 ml of  50% , aqueous    tions, lower yields are obtained.
Preferably the      sodium hydroxide. ("Arquad 16" is a mixture  filter
cake is repeatedly extracted and  the      of alkyl  trimethylammonium
chloride and  di-   aqueous  phase is preferably  discarded. The
alkyldimethylammonium  chloride in which the   chloroform  extract is
acidified with an in- 40  alkyl groups consist of 90%  [err]  6%  organic
acid to a pH  preferably in the range  10      octadcyl, and 4%
octadccenyl, in isopropanol.   of about 1--2.5 to convert the tetracycline
salts      The alcohol  constitutes about 50%   of the   to corresponding
acid  salts of tetracycline      preparation). After the  "Arquad" was
added,  which are water soluble. Before or during      the pH  was adjusted
to 8--11, to form  the   addition of the acid water is added to  form 45
quaternary  ammonium   salts of  tetracycline  the two phases with the
tetracycline acid salts     which  precipitate out in this pH   range.
After  in the aqueous phase. The aqueous phase is     the addition    of 20
pounds of filter-aid,  the   separated   from  the chloroform  phase and
the     broth was filtered and the solids thus obtained     pH   is raised
to about 3 to 7 to form  the     washed with water.   Approximately
four-fifths    relatively insoluble isoeletric material. Rela- 50  of this
washed filter cake was slurried with        tively low pH   values    are
preferred, as purer      12 gallons  of methanol solvent and sufficient
crystals are obtained.   The isoelectric  material      concentrated
hydrochloric acid added to bring     separates on standing as
trihydrate crystals      the pH to 1.8 thereby increasing the solubility
which can be separated readily   by filtration           of the
tetracycline. After stirring for 15   and washed if desirable
minutes the   mixture was filtered and the  solids      EXAMPLE  VII [err]
775,115                                        11         IRC50" columns at
a rate of 5 ml/minute.  solutions and broths and to remove impurities.
The following fractions of effluent were col-                EXAMPLE  IX
lected:                                         Crystals of tetracycline
free base were  55
formed by dissolving crude amorphous tetra-             0-2  litres
assaying 13.3 mcg/ml        cycline  in water. This  crude   material
assayed    5        2-5  litres assaying  8.7 mcg /ml       approximately
427 mcg/mg. The aqueous solu-             5-7  litres assaying  15.1 mcg/ml
tion was adjusted to pH  3 by the addition of             7-10 litres
assaying 25.0  mcg/ ml      hydrochloric acid. The solution was  then  60
saturated with n-butanol and thereafter sub-          The effluent from
this column was  passed   jected  to a counter-current  distribution with
through the second buffered column  also at a  nine  separatory funnels
utilizing  equal volumes   10  rate of 5 ml/minute  and fractions of [err]
of n-butanol saturated with water which had        from the second column
collected  for assay.    been adjusted to pH 3 with dilute hydrochloric  65
acid. After distribution, the middle tubes 4, 5,             0-2  litres
assaying 16.9 mcg/ml      6 and 7 were combined and the pH brought
2-4  litres assaying 12.4 mcg/ml        up to 7 by the addition of dilute
sodium hy-             4-6  litres assaying 7.5 mcg/ml         droxide
solution. This mixture was concen-   15        6-10 litres assaying  7.2
mcg/ml        trated under a vacuum  of 40-50[err] C. The  70 



crystals that formed upon cooling were separ-          One litre of N
hydrochloric acid in 60%   ated by filtration and dried over calcium
methanol was passed through the first column   chloride in a vacuum
desiocator. The crystal-        at a rate of 10 ml/minute. The eluate which
line trihydrate product thus obtained assayed        contained 74%  of the
activity in the filtered  780 mcg/mg.                                75
20  broth was concentrated in vacuo to approxi-            ASSAY OF
TETRACYCLINE        mately one-third its volume when the pH had     For the
assay cf tetracycline E. coli 9637        dropped to 2.5 The pH was brought
to 1.8 by  and Difco Nutrient agar ("Difco" is a regis-        the addition
of a mineral acid and a filter aid  tered  trade mark) at pH 6.0 may be
used to        was added and the material filtered in order to  determine
concentrations ranging from  about  80   25  remove solids that separated
during  the con-  15 to 100 mcg/ ml. S. lutea 9341 with Difco
centration  The filtered solids were washed  Penassay Seed agar adjusted to
pH 6.0 is a        with water and the combined filtrate and wash-  more
sensitive organism and may be used to        ings brought to a pH  of 7.8
by the addition   determine concentrations ranging from about        of 4N
sodium hydroxide. The solids that separ-  5 to 50 mcg/ml.  In all cases the
dilutions  85   30  ated were washed and then dried in vacuo.   were  made
in 0.1 M potassium  phosphate       There was obtained 1.375 grams of
product  buffer  at pH 6.0 and applied in 0.1 ml volumes       assaying 78
mcg/mg.                          to S and S No. 420E 12.5 mm  paper discs.
EXAMPLE VIII                   All plates were incubated at 30[err] C. for
18         Tetracycline  can  be  precipitated  from  hours and zones of
inhibition measured on a  90   35  aqueous solutions thereof at a pH
above 7 by. Quebec Colony Counter. Results may be read       the addition
of a mixture of barium chloride  from a standard curve prepared on the same
and magnesium  chloride. For example,  when  day, or a multiple dose method
may be used.       15 grams of barium chloride dihydrate and 2  A sample of
purified tetracycline was assigned       grams of magnesium chloride
hexahydrate was  an arbitrary value of 1,000 mcg/mg on an  95   40  added
to a solution of 3 grams of crude tetra-  anhydrous basis.  All values
reported have       cycline in one litre of water at pH 2.5 and  been
calculated against this standard  unless       then aqueous sodium
hydroxide added to bring   otherwise noted.       the pH to 8.5, all of the
activity was found in  TOXICITY OF TETRACYCLINE       the  precipitate,
which is separated by filtration  Tetracycline  shows  little  toxicity
when  100   45  from the liquor containing impurities. When   administered
to animals. The following Table       this precipitate was slurried with
water and the   IV shows the relative  quantities  of tetracyline,
pH brough to 1.5 with  sulphuric acid and the    chlorotetracycline and
oxytetracycline required      mixture filtered to remove the insoluble
barium                     to kill mice    following administration of  a
sulphate, the resulting aqueous extract con-    single dose by   routes
indicated. It is   seen  105  50  tained practically all of the
microbiological                   that the toxicity of   tetracycline is
is comparable      activity originally present.  This procedure may   to
those of chlorotetracycline  and oxytetra-  be used to concentrate
tetracycline-containing       cycline  TABLE IV  Route of
Tetracycline             [err]                  Oxytetracycline
Administration          mg/Kg                 mg/kg
mg/Kg Intravenous               LD[ERR]145              LD[err]140
-               Intraperitoneal       LD[err]355            LD[err]365
LD[err]280 Subcutaneous           LD[err]400             LD [err]400
LD[err]340                Oral                  LD[err]4250              -
LD[err]3750   



12                                         775,115 ADMINISTRATION OF
TETRACYCLINE            alkyl trimethyl ammonium chloride or a dialkyl
Animal protection tests using mice infected  dimethyl ammonium chloride in
which each        with D. pneumomia, K. pneumonia and S.  alkyl group
contains from  8 to 18 carbon        pyogenes show that tetracycline when
admin-  atoms.    5   istered subcutaneously or orally, has activity   9. A
method according to either of claims  70        comparable to that of
oxytetracycline and   7 or 8, in which the precipitated quaternary
chlortetracycline.                             ammonium salts are purified
by solvent extrac-        Tetracycline has been prepared in a purity  tion.
in excess of 95%  and   with a negligible con-   10. A method according to
claim 9, which    10  tent of other antibiotic substances. An alter-
comprises extracting the separated salts with  75        native form of the
product comprises a signi-  chloroform in the presence of water, acidify-
ficant content, not exceeding about one-half,  ing the chloroform extract
to a pH  of 1 to        of other compatible antibiotic substances either
2.5, adding water to form a chloroform phase        added to the
preparation or formed concomit-  and an aqueous phase containing the tetra-
15  antly in  the fermentation broth  and  co-  cycline, separating the
aqueous phase, adjust-  80        crystallized in the recovery step, as
when the  ing the pH of the aqueous phase to a pH of        above described
butanol extraction or the   3 to 7, and separating the resulting precipi-
extraction procedure of Example IV is em-  tated crystals of the
antibiotic.        ployed. These products may be administered      11. A
method of recovering tetracycline    20  to humans and animals in the
manner of  from  tetracycline-containing  material which  85        known
broad spectrum antibiotics, and in the  comprises forming a solution of
said material,        conventional dosage forms appropriate to the  if not
already in solution, effecting chromato-        desired route of
administration.               graphic adsorption of the antibiotic and
elut-          What we claim is:-                           ing the latter.
25     1. A  process of producing an antibiotic       12. A  method of
recovering tetracycline  90        substance defined as tetracycline which
com-  from  tetracycline-containing  material which        prises
inoculating and aerobically fermenting  comprises separating the antibiotic
activity        an aquous nutrient  medium containing assim-  from the
tetracycline-containing material as a        ilable sources of carbon and
nitrogen and   precipitate with calcium, barium, strontium or   30  mineral
substances with a micro-organism of  magnesium cations, at a pH above 6.5
together  95        the genus Streptomyces which tends to pro-   with the
mycelium  and other solids in said        duce  chlortetracycline  in the
presence of  liquor, and extracting the antibiotic  from the
chlorine ions, said method being characterized  thus separated solids.
by controlling the chloride ion content of the  13. A method according to
claim  12, in   35  nutrient medium so that the formation of the   which
the antibiotic is extracted from  the 100        chlortetracycline is
restricted and tetracycline   solids by contacting the same  with an
acidified        is formed as the predominating antibiotic.    aqueous
solution  at a pH not exceeding 3 and          2. A method according to
claim 1,    in which   separating the resulting aqueous antibiotic-
the nutrient medium contains less than 1 ppm   containing solution from
residual insoluble   40  of available chloride ions,
solids.                                       105          3. A method
according to either of claims    14. A method according  to claim 13, which
1 or 2, in which constituents of said medium   includes re-separating the
antibiotic from said        normally containing  available chloride ions
aqueous  solution  as  a  precipitate  with        have been treated with
an ion exchange resin  calcium, barium , strontium  or magnesium   45  to
remove said chloride  ions.                 cations, at a pH above 6.5,
extracting said pro- 110          4. A method according to any of claims 1
duct with an organic solvent, and recovering 



to 3, in which the [err] medium  is main-  the tetracycline from the
resulting extract.        tained at a pH from 3.5 to 8.5.
15. A method according to claim   13, which          5. A method according
to any of claims 1  includes extracting said aqueous solution with   50  to
4 in which the fermentation is carried out  an  organic solvent, separating
the solvent 115        at a temperature  of 25[err] C. to 35 C       layer
from the aqueous layer, removing at least          6. A method according
to any of the pre-  a part of the solvent layer to precipitate the
ceding claims, in which the medium  contains  antibiotic, and separating
the latter.       a source of calcium, [err], barium or         16. A
method according to claim  15, in   55    magnesium ions whereby the
antibiotic activity              which the extraction with an  organic
solvent  120       is precipitated  as it is formed.              is
assisted   by dissolving a salt in the aqueous          7. A method of
recovering  tetracycline  from   layer.
tetracycline-containing material which com-        17. A method according
to claim  12, in         prises forming a solution of said material,  if
which the antiobiotic is  extracted  from  the   60  not already  in
solution, and then adding a      solids by contacting the  same with an
organic  125       quaternary  ammonium   compound   whereby  solvent which
is solvent which is or miscible with       the  antibiotic  is
precipitated  as  a  salt  water, preferably an alcohol such as butanol.
thereof.                                          13. A  method according
to claim  12, in          8. A method according to claim  8,  in which
which  the antbiotic is extracted from  the  65  the quaternary ammonium
compound is an  solids by contacting the same with an organic 130
12                                            775,115
ADMINISTRATION  OF TETRACYCLINE              alkyl trimethyl ammonium
chloride or a dialkyl         Animal protection tests using   mice infected
dimethyl ammonium  chloride in which each      with D. pneumonia, K. [err]
and S.  alkyl group, contains  from  8 to  18 carbon      pyogenes show
that tetracycline when   admin-   atoms.  5   istered subcutaneously or
orally, has  activity  9. A method according to either of claims  70
comparable  to  that of oxytetracycline and   7 or 8, in which the
precipitated   quaternary                   chlortetracycline.
ammonium salts are purified by solvent extrac-            Tetracycline has
been prepared in a purity  tion.      in excess of 95.%  and  with a
negligible con-       10. A method according to claim  9, which 10   tent
of other antibiotic substances. An alter-   comprises extracting the
separated salts with  75               native form of the product comprises
a signi-  chloroform in the presence of  water acidify-      ficant
content , not  exceeding  about  one-half,  ing the  chloroform  extract to
a pH of 1 to      of other compatible antibiotic substances either  2.5,
adding water to form a chloroform phase      added to the preparation or
formed  concomit-   and an aqueous phase containing  the  tetra- 15  antly
in  the  fermentation  broth  and  co-   cycline, separating the aqueous
phase, adjust-  80      crystallized in the recovery step, as when the
ing the pH of the aqueous phase to a pH  of      above  described   butanol
extraction    or the   3 to 7,  and separating the  resulting precipi-
extraction procedure  of Example  IV  is em -   tated crystals of the
antibiotic.      ployed. These products may be  administered         11. A
method  of recovering  tetracycline 20  to  humans and  animals in the
manner of   from   tetracycline-containing  material which  85      known
broad spectrum  antibiotics, and in. the   comprises forming a solution of
said material,      conventional dosage forms appropriate to the   if not
already in solution , effecting chrormato- 



desired route of administration.                  graphic adsorption of the
antibiotic and elut-        What we Claim  is:-
ing the latter. 25     1. A  process of producing an antibiotic
12. A  method  of recovering  tetracycline  90      substance defined as
tetracycline which com-   from   tetracycline-containing  material which
prises inoculating and  aerobically fermenting   comprises separating  the
antibiotic  activity      an aquous nutrient medium containing assim-
from the tetracycline-containing material as a      ilable sources of
carbon  and  nitrogen  and   precipiate with calcium, barium, strontium or
30   mineral substances with a micro organism    of   magnesium cations at
a pH above 6.5 together  95      the genus Streptomyces which  tends to pro
-   with  the mycelium and  other so lids in said      duce
chlortetracycline  in  the   presence  of  liquor, and  extracting the
antibiotic from   the      chlorine ions said  method being characterized
thus separated solids.      by controlling the chloride ion content of the
13. A  method  according to claim  12, in 35  nutrient medium so that the
formation of the   which the antibiotic  is extracted  from    the  100
chlortctracycline is restricted  and tetracycline  solids by contacting the
same  with an acidified      is formed as the predominating antibiotic.
aqueous  solution at a pH not exceeding 3 and        2. A method according
to claim  1, in  which   separating the  resulting  aqueous,  antibiotic-
the nutrient medium  contains less than 1 ppm     containing solution  from
residual  insoluble 40  of available chloride ions,
solids.                                           105            3  A
method according to claim  13, which      1 or 2  in  which constituents of
said   medium-   includes  re-separating the antibiotic from said
normally  containing  available  chloride  ions   aqueous  solution   as  a
precipitate   with      have been treated with an ion exchange resin
calcium, barium, strontium  or  magnesium 45  to remove said chloride ions.
cations, at a pH above 6.5, extracting said  pro- 110        4. A method
according to any  of claims 1   duct with an  organic  solvent, and
recovering      to 3, in which the nutrient medium is main-
the    tetracycline  from  tha resulting  extract.      tamed  at a pH from
3.5  to 8.5.                    15. A method according  to claim 13, which
5. A  method according to any of claims 1     includes extracting said
aqueous  solution  with 50  to 4 in which the fermentation is carried  out
an  organic  solvent, separating  the  solvent  115          at a
temperature of 25[err]C to 35[err]C       layer from the aqueous layer,
removing at least       6. A method according to any of the pre-      a
part of the solvent layer to  precipiate   the                ceding
claims, in which the medium contains      antibiotic and separating the
latter                a source of calcium, [err], [err] or        16  A
method according to claim    15, in 55          [err]  whereby the [err]
activity              which the [err]with an [err] solvent     is
precipitated as it is formed                      is [err] by dissolving a
salt  in the aqueous             7. A method of recovering tetracycline
from         layer             tetracycline-containing material which com-
17. A method according to claim 12   in                 prises forming a
solution of said material of      which the antibiotic is [err] from    the
60 not already in solution, and then adding a
solids by contacting the same with an organic quanternary ammonium compound
whereby                                    solvent which is soluble in or
miscible with the antibiotic is precipitated a a salt
water, preferbly an alcohol such as butanol. thereof.
18. A method according to claim 12, in 8. A method according to claim 8, in
which                              which the antibiotic is extracted from
the the quaternary ammonium compound is an
solids by contacting the same with an organic
775,115                                         13 



solvent in the presence of water, at a pH  10, extracting with an organic
solvent, prefer-      below 3.                                        ably
an alcohol such as butanol, in the pres-        19. A method according to
claim  18, in  ence of a salt, separating the solvent layer     which  an
organic solvent  is used  which is  from  the aqueous layer, removing
sufficient  20  5  soluble in or miscible with water, preferably  of the
solvent under reduced pressure to cause     an alcohol such as butanol.
the antibiotic to precipitate out, and filtering        20. A  method of
recovering tetracycline    and  recovering the thus precipitated  anti-
from  tetracycline-containing   material which   biotic.     comprises
acidifiying  the same    to a pH of less  22. A method of producing an
antibiotic  25 10   than  3, if necessary, to solubilize the resulting
defined as tetracycline substantially as herein-     tetracycline,
filtering, and recovering the anti-   before described.     biotic from the
resulting aqueous  solution.        21. A method according to claim 20,
which         STEVENS, LANNGNER, PARRY     includes acidifying the
precipitated antibiotic             & ROLLINSON, 15  to a pH of less than
3, filtering, adding sodium      Chartered Patent Agents,     hydroxide  to
adjust  the pH to between 8 and           Agents for the Applicants .
Leamington Spa: Printed for Her Majesty's  Stationery Office, by the
Courier Press.-l957.         Published at The Patent Office, 25,
Southampton Buildings, London, W.C.2, from which
copies may be obtained.                                     ERRATA
SPECIFICATION No. 775,115                       Page 4, Table II, line 6.
.Micrococcus flavus                          PCI 16, column D. for " 0.38 "
read                          " 0.39 "                      Page 9, lineS.
82, for "0.3  g/10 ml" read                          "0.3 g/100 ml"
Page 11 Table IV, for                                     " [err]
mg/  Kg."                          read
" Chlortetracycline                                         mg/  KG"
for                                      " Oxytetracycline
mg/Kg"                          read                                      "
Oxytetracycline    


