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(a) treating a suspension of IL-4 containing bac- terial cells with an
agent which deactivates the Field of Invention
cells; (b) disrupting the deactivated bacterial cells; and The invention
relates generally to method for   5  (c) separating the IL-4 from the
disruptate. extracting proteins from bacteria, and more particu-    More
specifically the method of this invention larly, to methods for extracting
human interleukin-4  provides for extracting human IL-4 produced by
expressed in bacteria.                             genetically transformed
bacteria, particularly E. coli. As used herein, the term "transformed bac-
Background of the Invention                    10  teria" means bacteria
that have been genetically engineered to produce human IL-4. Such genetic
Interleukin-4 (IL-4) is a natural protein which  engineering usually
entails the introduction of an has been discovered recently and which is
be-      expression vector into a bacterium. The expression lieved to have
a therapeutic potential against infec-  vector is capable of autonomous
replication and tion, cancer and autoimmune disease. Human IL-4  15
protein expression relative to genes in the bacterial is reported by Yokota
et al., Proc. Natl. Acad. Sci.  genome. Construction of bacterial
expression vec- USA, Vol. 83, pages 5894-5898 (1986). Mouse IL-4   tors is
well known in the art, provided the is reported by Lee et al., Proc. Natl.
Acad. Sci.  nucleotide sequence encoding a desired protein is USA, Vol. 83,
pages 2061-2065 (1986), and Noma,    known or otherwise available. For
example, DeBoer et al., Nature, Vol. 319, pages 640-646 (1986).  20  in
U.S. Patent 4,551,433 discloses promoters for Recombinant DNA techniques
have been ap-        use in bacterial expression vectors; Goeddel et al,
plied to the discovery of IL-4 as well as to the   in U.S. Patent 4,601,980
and Riggs, in U.S. Patent, creation of bacteria which are capable of
express-  4,431,739 disclose the production of mammalian ing IL-4. This has
opened the way to large scale   proteins by E. coli expression systems; and
Riggs production of IL-4 which is required to investigate,  25  (cited
above), Ferretti et al (Proc. Natl. Acad. Sci., develop and realize the
therapeutic potential of this  Vol. 83, pgs. 599-603, 1986), Sproat et al
(Nucleic protein. However, clinical use of IL-4 requires high  Acids
Research, Vol. 13, pgs. 2959-2977, 1985) purity material that is not
contaminated by cell   and Mullenbach et al (J. Biol. Chem., Vol. 261, pgs.
constituents or cell debris of the IL-4-expressing  719-722, 1986) disclose
how to construct synthetic cell. Accordingly, extraction of IL-4 from the
cells of  30  genes for expression in bacteria. Accordingly, IL-4
expressing bacteria in sufficiently high purity  these references are
incorporated by reference. and yield is required.
The amino acid sequence of mature human IL-4 is disclosed by Yokota et al
(Proc. Natl. Acad. Sci., Summary of the Invention
Vol. 83. pp 5894-5898, 1986), and the cDNA en- 35  coding human IL-4
carried by the pcD vector de- The present invention is based on the discov-
scribed in Yokota et al. (cited above) is deposited ery that IL-4 can be
extracted from IL-4-expressing  with the American Type Culture Collection
(ATCC), bacteria by treating a suspension of IL-4 containing  Rockville,
MD, under accession number 53337. bacterial cells with an agent which
deactivates     Many bacterial expression vectors and hosts are (kills) the
bacteria, disrupting the cells of the de-  40  available commercially and
through the ATCC. E. activated bacteria, and recovering the IL-4 from the
coli is the preferred bacterial host. disruptate. The method of this
invention eliminates   In carrying out the method of this invention,
handling of live bacteria outside of the fermenter  sufficient acid is
added to a suspension of IL-4- and allows recovery of the IL-4 in a manner
which  expressing cells to provide a pH of about 1.0 to significantly
reduces contamination by cultivation   45  about 3.0, preferably pH 2.
Examples of suitable medium and cell constituents and permits efficient
acids that can be utilized in this invention are and economical
purification afterwards.            hydrochloric acid, nitric acid,
phosphoric acid and sulfuric acid. Phosphoric acid is the preferred acid.
BRIEF DESCRIPTION OF THE DRAWING                       In order to achieve
complete cell deactivation 50  and/or to improve the yield of extracted
IL-4, it has Figure 1 is a construction map of plasmid pKG-  been
discovered that certain reagents, hereinafter 189-12.
referred to as "enhancing agents" are added to the suspension of
IL-4-expressing cells along with the Detailed Description
acid. Suitable enhancing agents are trichloroacetic 55  acid and perchloric
acid. The present invention provides a method for        In one embodiment
of the acidification step of extracting IL-4 from IL-4-expressing bacterial
cells  the method of this invention, phosphoric acid is comprising:
added to the suspension to lower the pH to about 4 2  
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and then trichloroacetic acid is  (November 1986). added to lower the pH to
2.0.                        b) The coding sequence for mature Hu-IL-4;
After deactivating the cells with acid, all subse-  Yokota, et al., Proc.
Natl. Acad. Sci. USA, Vol. quent steps of the method of this invention are
83, 5894-5898 (August 1986). The 5' end of this carried out at a
temperature of from about [err] to   5  coding sequence is fused with the
3' end of the about [err] , preferably 0-[err].                   tac
promoter sequence. After the cells have been deactivated with acid,  c) The
temperature sensitive replicon, rep cop the cells are prepared for
disruption. This may be   Ts, derived from the plasmid pVU208; Hakkaart,
done simply by adjusting the pH of the deactivated  et al., Mol. Gen.
Genet., Vol. 183, 326-332 cell suspension or alternatively, in order to
achieve   10    (1981). product concentration, by first separating the de-
d) The tet[err] gene for the expression  of activated cells from the
treated fermentation me-   tetracycline resistance; Sutcliffe, Cold Spring
dium by centrifugation, filtration or other conven-  Harbor Symposium
Quantitative Biology 43, Part tional means, then resuspending them in an
ac-      I, 77-90 (1979). Cold Spring Harbor Laboratory, queous buffer
solution or in water occupying a   15  Cold Spring Harbor, New York.
fraction of the original fermentation volume,and fi- nally adjusting the
pH. Examples of buffers that  FERMENTATION may be used in resuspending the
deactivated cells are sodium phosphate, potassium phosphate, tris-     Add
about 1 ml of an actively growing culture (hydroxymethyl)aminoethane
hydrochloride and the   20  of E. coli 294 harboring the plasmid pKG-189-12
to like. The preferred buffers are sodium phosphate  about 10 liter of
growth medium  in a 16 liter and tris(hydroxymethyl)aminoethane
hydrochloride.  fermenter. The growth medium consists of 30 g/l of The pH
of the deactivated cell suspension may be  casein hydrolysate, 20 g/l of
yeast extract, 20 g/l of adjusted between 6.0 and 9.0 by addition of base.
glycerol, 10 mg/l of tetracycline hydrochloride, 5 g/l Examples of suitable
bases that may be used in  25  of KH2P04, 1 g/l MgSO4.7H2O 0.1 ml/l of an
an- the pH adjustment step are sodium hydroxide, po-  tifoam agent and
water. tassium hydroxide and the like.                       Maintain the
pH at 7 using 5 N NaOH and After the deactivated cells have been prepared
maintain the temperature at [err] while aerating for disruption, the cells
are disrupted. Conventional  and agitating the mixture until the cellular
density cell disruption techniques such as homogenization   30  of the
culture reaches about 4 optical density units and sonication may be used in
this step of the    (660 [err], lightpath 1 cm). Raise the temperature to
process. The preferred method of disruption is    [err] and continue to
aerate and agitate for 3 homogenisation with a Manton-Gaulin homogenizer.
hours. Then reduce the temperature to 25 C and The purpose of the
disruption step is to break    proceed with the following extraction
procedure substantially all of the cells to a level which en-  35  (note:
all subsequent centrifugations at Ca. 10,000 ables release of substantially
all soluble cell com-  g for Ca. 15 min): ponents into the suspending
medium. Although partial cell disruption may be achieved during the
EXTRACTION PROCEDURE B preceding deactivation step, a more complete cell
disruption is achieved during this disruption step.    40  Add a solution
of 85% phosphoric acid to ob- At the completion of the disruption step, the
tain pH 4.5. Add a solution of 50% trichloroacetic human IL-4 is found as a
partially purified insoluble  acid to pH 2 and agitate the acidified
suspension complex and is recovered by centrifugation, filtra-  for 1 hour.
Carry out subsequent operations at a tion or other conventional means.
temperature of from 0  to [err]. Centrifuge the acid The following example
describes the invention   45  suspension. After centrifugation, discard the
super- in detail. It will be apparent to those skilled in the  natant and
resuspend the resulting bacterial pellet art that modification of materials
and methods may  in sodium phosphate buffer 0.1 M, pH 8.5 occupy- be
practiced without departing from the purpose   ing a fraction of the
original culture volume. The pH and intent of this disclosure.
of the resulting suspension is adjusted to 7.0-7.5 50  with 1 N sodium
hydroxide. The final biomass Example
concentration of the neutral suspension is adjusted to correspond to about
30 optical density units of The human IL-4 expression plasmid pKG-189-
untreated culture. Disrupt the bacterial cells by 12 used in this example
consists of about 3800    passing the neutral suspension through a Manton-
base pairs and includes the following sequences  55  Gaulin Laboratory
Homogenizer (Model 15M) under (see Figure 1):
ca. 8000 psi of pressure at 25 C. Centrifuge the a) The consensus promoter
tac-rbs; Zurawski, et  homogenate and discard the supernatant. The pel-
al., Journal of Immunology, Vol. 137, 3554-3360  let contains recombinant
human interleukin-4. 
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(a) le traitement d'une suspension de collu- les bact~riennes contenant de
la IL-4 avec 1. A method of extracting insoluble interleukin-4        un
acide choisi dans le groupe consistent (IL-4) from IL-4 expressing
bacterial cells com-      de l'acide phosphorique, I'acide chlorhydri-
prising                                    5          que, I'acide nitrique
et de l'acide sulfurique (a) treating a suspension of IL-4 containing
en prdsence d'un agent d'augmentation bacterial cells with an acid selected
from         choisi dans le groupe consistant de l'acide the group
consisting of phosphoric acid, hy-       trichloroac~tique et de l'acide
perchlorique drochloric acid, nitric acid and sulfuric acid     pour
ddsactiver les cellules bact6riennes; in the presence of an enhancing agent
se-   10     (b) la rupture des cellules bact~riennes d~s- lected from the
group consisting of trich-         activdes produisant la IL-4 insoluble
dans loroacetic acid and perchloric acid to deacti-     un produit de
rupture; et vate the bacterial cells;                          (c) la
sdparation de la IL-4 insoluble du (b) disrupting the deactivated bacterial
cells     produit de rupture. producing insoluble IL-4 in disruptate; and
15 (c) separating the insoluble IL-4 from the   2. Procdd4 selon la
revendication 1 dans loquel disruptate.
Ia bactdrie est rEscherichia coli. 2. A method according to Claim 1 wherein
the       3. Procdd4 salon la revendication 1 ou 2, dans bacterium is
Escherichia coli.             20      lequel la IL-4 extraite est une
pastille insoluble de IL-4 humaine. 3. A method according to Claim 1 or
Claim 2 wherein the IL-4 extracted is an insoluble pellet of human IL-4. 25
Patentansprache 1. Verfahren zum Extrahieren von unloslichem In-
terleukin-4 (IL-4) aus IL-4 exprimierenden Bak- terienzellen, umfassend
30 (a) das Behandeln einer Bakterienzellen ent- haltenden IL-4-Suspension
mit einer Saure, welche aus der aus Phosphorsaure, Salz- saure,
Salpetersiure und Schwefelsfure bestehenden Gruppe ausgewihlt ist, in Ge-
35 genwart sines Verstarkungsmittels, welches aus der aus
Trichloressigsaure und Per- chlorsiure bestehenden Gruppe ausgowihit ist,
unter Desaktivieren der Bakterienzellen, (b) das Aufbrechen der
desaktivierten Bak-  40 terienzellen unter Erzeugen von unloslichem IL-4 in
dem Aufgebrochenen und (c) das Abtrennen des unl6slichen IL-4 aus dem
Aufgebrochenon. 45 2. Verfahren gemlB Anspruch 1, in welchem das Bakterium
Escherichia coil ist. 3. Verfahren gemaB Anspruch 1 odor 2, bei wel- chem
das extrahierte IL-4 ein unlbsliches Pel-  so let aus Human-lL-4 ist.
Revendlcatlons 1. Proc~d4 d'extraction d'interleukine-4 (IL-4) in-  55
soluble & partir de cellules bact6riennes expri- mant de la IL-4 comprenant
4    


