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3 Glycosylation is the reaction in which a carbohydrate, i.e. a glycosyl donor, is attached to a hydroxyl or other
functional group of another molecule (a glycosyl acceptor). In biology glycosylation refers to the enzymatic
process that attaches glycans toproteins, lipids, or other organic molecules. This enzymatic process produces one
of the fundamental biopolymers found in cells (along with DNA,RNA, and proteins). Glycosylation is a form of
co-translational and post-translational modification. Glycans serve a variety of structural and functional roles in
membrane and secreted proteins. (from: edited by Ajit Varki ... (2009). Essentials of Glycobiology. Ajit Varki (ed.)
(2nd ed.). Cold Spring Harbor Laboratories Press. ISBN 978-0-87969-770-9.)

¢ Heterologous (meaning 'derived from a different organism'), homologous: similar natural protein. Protein
homology is biological homology between proteins, meaning that the proteins are derived from a common
"ancestor”. The proteins may be in different species, with the ancestral protein being the form of the protein that
existed in the ancestral species (orthology). Or the proteins may be in the same species, but have evolved from a
single protein whose gene was duplicated in the genome (paralogy).
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5 From Wikipedia: (also called enterokinase) is an enzyme produced by cells of the duodenum and involved

in human digestion. It is secreted from intestinal glands (the crypts of Lieberkiihn) following the entry of ingested

food passing from the stomach. Enteropeptidase converts trypsinogen (a zymogen) into its active form trypsin,

resulting in the subsequent activation of pancreatic digestive enzymes.l12l

Enteropeptidase is a serine protease (EC 3.4.21.9) consisting of a disulfide-linked 82-140 kDa heavy chain which
anchors enterokinase in the intestinal brush border membrane and a 35-62 kDa light chain which contains the
catalytic subunit.BlEnteropeptidase is a part of the chymotrypsin-clan of serine proteases, and is structurally
similar to these proteins.

[1] Kunitz M (March 1939). "Formation of trypsin from crystalline trypsinogen by means of enterokinase". J. Gen.
Physiol. 22(4): 429-446. doi:10.1085/jgp.22.4.429. PMC 2141988. PMID 19873112.

[2] Kiel B (1971). "Trypsin". In Boyer PS. The Enzymes, 3: Hydrolysis - Peptide Bonds. Amsterdam: Elsevier.
pp- 249-275.1SBN 0-12-122703-0.
[3] Huang L, Ruan H, Gu W, Xu Z, Cen P, Fan L (2007). "Functional expression and purification of bovine

enterokinase light chain in recombinant Escherichia coli". Prep. Biochem. Biotechnol. 37 (3): 205-
17. d0i:10.1080/10826060701386695. PMID 17516250.



i1 3 8l 2

Plasmid
vector T
(pTrxFus)

(DJ@?@)

Expression

Fusion protein

l K— Enterokinase
© - ©

Thioredoxin Protein of interest

9

Key: (D =sirong promoter
@ = thioredoxin gene

Q@ = nucleotide sequence coding for the peptide sequence which
serves as cleavage site for the protease (enterokinase)

@ = gene/cDNA coding for the protein of interest

Gary Walsh, Pharmaceutical Biotechnology — Concepts and Applications, Wiley, 2007, Fig. 5.1
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From [Walsh 2007], Ch 5

Propagation of working
bank cells, generating
starter cultures
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removed from storage
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cell culture

A PN )

Upstream processing

Culture of the newly

/ constructed production
cell line
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Aliguoted into ﬂmpul]i
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Figure 5.6 The master cell bank/workini implici
g cell bank system. For simplicity, each b w i
A s an
only five ampoules. In reality, each bank would likely consist of several hu&;ldred am| :ufem l; a:‘ove CD”tﬁm;
number 2 will be generated from master cell bank vial number 2 only whi 'p i ban-
it o en working cell bank number 1 is

UPSTREAM PROCESSING 123

(a) (b) (c) )

Figure 5.7 Outline of the upstream processing stages involved in the production of a single batch of prod-
uct. Initially, the contents of a single ampoule of the working cell bank (a) are used to inoculate a few hun-
dred millilitres of media (b). After growth, this laboratory-scale starter culture is used to inoculate several
litres/tens of litres of media present in a small bioreactor (c). This production-scale starter culture is used
to inoculate the production-scale bioreactor (d), which often contains several thousands/tens of thousands
litres of media. This process is equally applicable to prokaryotic or eukaryotic-based producer cell lines, al-
though the bioreactor design, conditions of growth, etc., will differ in these two instances

14




Figure 5, v ial-scale fermentation equipment as emplayed in the hiopharmaceu?ical sector (a).
En!:tml ofs th:ﬁ:;:;‘:;::itlif:f‘;m:ess is highly automated, with all fermentation parameters being ?djus::w
tomputer (k). Photographs (a) and (b} courtesy of SmithKline Beechal_n Bmlngrc.‘al Ser\n?es, S.a, FE@'J:& 'nl:{a';-
graph {c) illustrates the inoculation of a laboratary-scale fermenter with rewaF:annl_t'Fm 121?01'93“15[,“11#" Irleland
production of a commercial interferon preparation. Phatograph (c) courtesy of Fall Life Sciences, DU,

From [Walsh 2007], Ch 5
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. crystal violet (2mg/L) ;T (5-50 units/ml)

(Types of Agar) ¥ g15.3.1

(Mannitol Salt Agar (MSA)) Jsiitel 220 3.1.1

Used for the isolation of staphylococci. The pathogenic one will appear as yellow colonies with yellow
zones, but the small red or pink colonies with no color changes to surrounding are the nonpathogenic.

Ojg.':.« of.,'a/zﬂ.i.“ bi,,ﬁ.@i\.@q&jg\}é C)‘MJ.@_J&:M orﬂ\ Q}@Tstaphy]ococci J\ JJ;JJAJ.:M.!
Lt Ol i 0 @3, ol N 0L 6 phe ol Sanns

Procedure: iy Jall

1) 5g Enzymatic Digest of Casein

2)1g Enzymatic Digest of Animal Tissue
3)1g Beef extract
4) 10g D-mannitol

5) 75¢g Sodium Chloride
6) 0.025g  Phenol red
7) 15g Agar

8) Add purified water to obtain 1L () 1 1} J 50 JJ sle ailisly

9) Adjust pH to 7.4+0.2 at 25°C (g3t (1 I L)

Boil to dissolve, autoclave 15 minutes to 121°C, cool to 60°C and pouring into Petri dishes.

B se 455 60 ) foal g DL 5 5l ST 5 4 st a3 121 ) e ais 15 0l dai oSl gl 511 s
(Petri dishes).awnl> 4s )T < PR (' s
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Storage . }_,LJ\

Stored at 2 - 30°C.once opened and recapped, place container in a low humidity environment at the
same storage temperature, protect from moisture and light by keeping container tightly closed.

a5 sally b ) e Lol ol )2 Loy sl pel) (28 Likis g ste 4 )3 30 52 0 Lo ol

. f\gk-\.g oj.\x.S\
Packaging > Ll
Mannitol salt agar code No 7143A 500g
7143B 2Kg
7143C 10Kg
Expiration cLgsy)

Dehydrated medium should be discarded if not free following or change in color.

(Eosin-Methylene Blue) sL c s/ 220 3.1.2

Used for the isolation of Gram-negative bacteria, and to differentiate between that fermenting and
nonfermenting microbes of lactose and sucrose.

ks Y ol S W2 &) o b 4 ,all 5« Gram-negative bacteriad) J ) Joxzoy

Lactose ferment colonies were either black or dark center with colorless outer, however the non
ferment are colorless.

s 0S5 e Y B0 Gals gy gl s Dlesast S8 e el ek sl g S

Under acidic condition the dyes produce a dark purple complex associated with green metallic sheen
(acidity caused by the fermentation of lactose or sucrose).

LSl 1 MY 5 O IV OBt 5w el W Ol s £ Ll e sadl G 2
E.coli: dark center and a greenish metallic sheen.

Enterobacter: large, muccoid pinkish colonies.

Salmonella: non colored colonies.
Procedure: aay

1) 10g bacto peptone

2) 5¢ bacto lactose
3) 5¢g bacto sucrose
4)2g dipotassium phosphate

5) 13.5¢ bacto agar

17



6) 0.4¢g bacto eosin y
7) 0.065g  bacto methylene blue

8) Add purified water to obtain 1L (,z) 1 1V J 505U sl asLl)

Adjust PH to 7.2, boil to dissolve, autoclave 15 minutes to 121°C, cool to 60°C and pouring into Petri
dishes.

L;\J@')MJ}\;} L@_(f?},qj:ﬁdz-)s 121 °J\J’>gsl'c4‘a'3§" 15 o.klj.@.)ai,:\jl\ UJM@JUL;&; cJJTL}J\M
.(Petri dishes) awl> Ac.cﬂg L@,&W(:-u,a) 4 528 ar 43 60

EMOB Agar

For testing strains of bacteria for sensitivity to phage. In this case 5g of NaCl/1L is to be added into the
medium and the medium is to be made without added sugars to a final concentration of 1% as in the
typical EMB.

(MacConkey Agar) siSal/ 220 313

Supports the growth of all Salmonella and Shigella strains and give differentiation between these enteric
pathogens and the coliform group ( inhibit gram positive).

Colonies of coliform bacteria are brick-red and are surrounded by a zone of precipitate bile.

Salmonella and Shigella do not ferment lactose but give an alkaline reaction when grow, its colonies are
noncolored and transparent.

coliform group s enteric pathogens J! w £ 9 Shigellay Salmonella J) <) Joriuns JQ.G = EARRE
Ao 0L able y sus 3T 0555 coliform J) ol sas,
e 8 0SS g sl e a5 SN S E Je 036 é Shigellay Salmonella ) s st

Procedure: iy Joll

1)17g peptone

2) 3¢g proteose peptone (difco or polypeptone)
3) 10g lactose

4) 5¢ NaCl

6) 1 mg crystal violet

7)30mg  neutral red

8) 1.5g bile salts

8) 13.5¢g agar

9) Add purified water to obtain 1L (2 1 1} J 505U <l a3L)

18



Adjust pH to 7.1+0.2, boil to dissolve, autoclave 15 minutes to 121°C, cool to 60°C and pouring into Petri
dishes.

Q) e g DL 5 5 ST 5 4 920 4 43 121 o)) > e 435 15 ol ghai sl 6l ;_)JJJ@J:U gx,uﬁigwm

(Petri dishes) 4wl> 439)? Q e (é o9 A ske 4 > 60

gram J) s <Y Jaid Al (Biochemical reactions) 4sibus sull clasil| 3.2
positive cocci

3.1.4 Catalase test

A solution of dilute H20O: is added to a bacterial smear on a glass slide.
The formation of bubble (O) is evidence of catalase activity.

2H:0: —  2H:0
g g el gl 3 a1 s 03 1 S () bl Sy bl il e b ey
e e sl Je 8,68 L LS
Jadl) 4)
sl 4] e gl ST B8 lE o )5 oo s il a3 5150 &l (3 YU s (3 e
JoY Jom G (O g eb) ST G5 o e ) 2l w8 Jolid s oy STy e ST
W JaneS” )y by SIW LS

2 H202—>2 H20+ 02

Catalase test

Catalase reaction

The catalase test is also one of the main three tests used by microbiologists to identify species of
bacteria. The presence of catalase enzyme in the test isolate is detected using hydrogen peroxide. If the
bacteria possess catalase (i.e., are catalase-positive), when a small amount of bacterial isolate is added
to hydrogen peroxide, bubbles of oxygen are observed.
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The catalase test is done by placing a drop of hydrogen peroxide on a microscope slide. Using an
applicator stick, a scientist touches the colony, and then smears a sample into the hydrogen peroxide
drop.

e [If the mixture produces bubbles or froth, the organism is said to be 'catalase-
positive'.Staphylococci[31] and Micrococci[32] are catalase-positive. Other catalase-positive
organisms include Listeria, Corynebacterium diphtheriae, Burkholderia cepacia,Nocardia, the
family Enterobacteriaceae (Citrobacter, E.
coli, Enterobacter, Klebsiella, Shigella, Yersinia, Proteus, Salmonella, Serratia,Pseudomonas), Mycob
acterium tuberculosis, Aspergillus, and Cryptococcus.

e Ifnot, the organism is 'catalase-negative'. Streptococcus[33] and Enterococcus spp. are catalase-
negative.

While the catalase test alone cannot identify a particular organism, combined with other tests, such as
antibiotic resistance, it can aid identification. The presence of catalase in bacterial cells depends on both
the growth condition and the medium used to grow the cells.

Capillary tubes may also be used. A small amount of bacteria is collected on the end of the capillary
tube (it is essential to ensure that the end is not blocked, otherwise it may present a false negative). The
opposite end is then dipped into hydrogen peroxide which will draw up the liquid (through capillary
action), and turned upside down, so the bacterial end is closest to the bench. A few taps of the arm
should then move the hydrogen peroxide closer to the bacteria. When the hydrogen peroxide and
bacteria are touching, bubbles may begin to rise, giving a positive catalase result.

(Coagulase test) s/ k) 3.1.5
SV s sl LS on 5 ¢ 1y Bendl) s il S Gl psiy et SO L
(o3 Al 3L 37 5 )) o B p3 e ana o VA il L pSIL el @ ) 3T Lol iy
dasle 18 U a1 e @ e domzd) 318713

_wcﬁd‘)&:g&,@-ﬁuﬁd}” Lo O (il dmedl w58 13) @

ey LAJ'W\ Ciade S Y

B3 siial) (WSOl B3 piiall, e 92UV a2 i) e SV s g 05 sl U pted] e A5 past e
WS 58 A srall (s 3
Caogulase act by a thrombinase like action. In normal blood clotting, the following raction occur.
Prothrombin + CaCl2 — prothrombinase  thrombin
Thrombin + fibrinogen — thrombinase fibrin
Coagulase acts within host tissues to convert fibrinogen to thrombin.

Add 0.5 ml of dillute rabbit plasma to a small sterile tube contain the tested bacteria and put them in a
water bath to 37°C

Result: fibrin formation (clot plasma) — coagulase positive (staphylococcus aureus needs 4 hours).
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s s Aol b 2 g sl aed e e adkedl!
S ol 2 3 ania s e U ) LS e st e st ) et T L o e 0.5 e
.45’.)-‘»‘ 4-77)3 37
.(S. aureus wlels 4 C\:i).(r,jv\ s aslin e L&,05 e s 1dgs LDl as 13)
(Hemolysins ) 4 seth st citas 11 3.1.6
el ol ST AN ) o5y L (exotoxins) ol Uiy & (Hemolysins) 3 ss\l UL R
Llons s ot

Test how will lyse the red blood cells.

We incubate the bacteria on a nutrient agar supplement with 5% concentration of sheep blood.
Result:

1. Alfa hemolysins: partially lyse, produce green zone.

2. Beta hemolysins: complete lysis, clearing of hemoglobin.

3. Gamma hemolysins: no lysis, no changes.

D05 S, Gy e py eeke dre oY e LSl g 5L e by S eSS

it 130 Lol S b S O om0l g L1512 S s Vg YA e Y1 O gl 13
(BT eSS Y1 O
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258k ) ) JA dluadt clles - (bioreactor) JsiSky) sl Jidi 4

"(bioreactor) (> slgxll Jolial) Jas 48 4 1

obdbadd) iy Wl da ) Wl i) 5 [Hass, Portner 2011] oo (3 sl sl e 5352 le JawY) 35, 5all
S ek, p g QWL b il g alnss Bl e Je aladl Elalys s 5 O u&;,@u,,d\ 13U

- - - —hjn
BioProzessTrainer WinErs
A sa Zeit 04:14:28
s8b s Batiwelinhcat il slae | Prozesszeit 00:00:00
Glucose N, 0 1/min ’7
Tank - i Aaladl ety il i)l | Restlaufzeit 12:00:00
" 3 g ) Sl Ll 2na
@ O P Abgas Beschleunigungsfaktor: 1
=1 | Fy, 0.0 Limin |
: Start Prozess
1 A |Fyg 00L/min
L=l Animpfen | i Alaadl oles Prozess unterbrechen |
Sl s - ja B<I— P Frobenahme |1‘H° LAl Prozess weiterfilhren |
Temperiermittel 2 2 =
Ausgang -
e e=sladl Jotad) Aol calay) Stopp Prozess |
Ao pSadl s Llaall ) &5 Prozess wiederholen |
53 Taus 19.9°C T 19.9°C 7
Tein 15.0°C poz 100.0 % Cliﬁhfuns eTeral Inokulum vorbereiten |
F 0.0 L/min L 001L
Temperiermittel
Eingang & =1
il i i
A o 5h
e
Tank Anz. der Proben: 0
Biomasse: g/L
Glucose: g/l
Essigsaure: g/l
Probenahme:
Escherichia coli clidddee el a8 ol e

Ecoli_1: batch-Prozess mit Escherichia coli . m

.55 -l g (experiment) & /% (simulation)
255 gl e Jadas 248 JUY

BioProcessTrainer Gﬂ\.‘, 2 pldialy (simulation) o o Lag> S5 a0 LS P

L el U1 IS (medium) caisad) o 2 10 Jlesl a1 Y

[Hass, Portner 2011] ¢« 58l o328 (j sarna alaza 7
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caas [ 3533 50 &), axe ey (Ruehrery U oS0 8 A1 Jass 1Lt

(aads) 2310 s A Jeldll U 5] ot ds o iy (Gasmischstation) L) gees dlast i E"JU)

G Joy 3 JoUl S sl il e e n (Temperiersystem) &1 A for by (St ol it (o

LR B s st Ll T L) 00 5, e G e %y S e L

Canb el 38 A a5 il pladl s e BUAl

# ((Inokulum vorbereiten) e L2l :BioProcessTrainer bl Ledsnal 13y LS S sud Loelse

J=5 0 e ((animpfen) e Lall :BioProcessTrainer galul) Ludsial 131) o ) Jelill I Lk s

L3306 20 I 2.5

3 -( Probenahme) s Lzl J3> s :BioProcessTrainer geslidl Lozl 131) felill -0 dis b leste

s o 5 (offine daten) s basbell Jpior (3 Gl S e 5550 IS 58”5 50 s i) 3

.((biomasse,glucose , essigsauere ! Il

Abgasd) ced) & ) e i 2 2 Jeld) U 2y U S e

g dsdr gk alesll I (online daten) e liiai Ledis :BioProcessTrainer grled) Ladszal 131) o
S 3 808”02, PH (V) i) o) Jine (T) i) 8 A Jidns ¢ e ST 2L o il
A((02,C02) 0 S dewS o 50

Do JQ Al s ¢ et (Prozessverlauf) ¢ lazs Ledis BioProcessTrainer G»L;J\ EPNECIME)
wldanll sda | 18 L ol dlaslll 3 ,pO2 5 pH JI, Jelaald Qe ond) | 4 2l ae w50 4 i s
Aol ) dpm se ol IV 0 de Lad

ot Gl ey Lo ;2% (Prozessdaten) ¢ Lz Ladic :BioProcessTrainer geled) Lzl 131) o

(W8 b ) alaolll o) g 3 e 8l (S5 AL Slaal)
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BioProcessTrainer cnl-u-u o da aa (S.cerevisiae) s e JLIA) 42

e,

Saccharomyces

tch-Prozess mit Sacche

> und Auswertung einet

= Analyse wichtiger Pre

Nack hasen 9“"'*'
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72)

73)

4)

n]sFunkﬂon dchmtdar

I- ﬂhterlrﬂmﬁmdm‘ikﬂnufmdtee@onmﬁﬂ
le Phase (aerobes Wachstum mit Crabtree-Ef-
fekt bei Glucoseiiberschuss und Ethanolbil-
dung, Diauxie bei niedrigen Glucosekonzen-
trationen und Ethanolverbrauch).

" eoe, P BerechnenSieinden jeweiligen Zeitintervallen

- B swischenawei Probenahmen die im Folgenden
o aufgefilhrten Grofen und stellen Sie diese
ebenfalls als Funktion der Zeit dar.

* spezifische Wachstumsrate p

* Verdopplungszeit 1,

* spezifische Substrataufnahmerate fiir Glu-

Cose G

spﬂztﬁmhe Substmtauﬁ:ahmemte fur Glu-
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5 Experimente zur praozessfuhrung, Kinetik und Modellbildung

Beispiellésung zu HEFE_1

i3 30,00 0,50
3 60,00 1,00
4 90,00 1,50
5 120,00 2,00
3 150,00 2,50
7 180,00 3,00
8 210,00 3,50
9 240,00 4,00
10 270,00 450
" 300,00 5,00
12 330,00 5,50
13 360,00 6,00

6,9

7.0
7.1
7.2
7.3
7.4
7.4
7.4
7.4

HEFE_1: Auswertung der Kenndaten der aeroben Kultivierung nach der d

9,99
9,98

.9,97

9..“
9,95

9,93
952

Rt -‘-"1:9’1

990

9,89

g

Experiment Nr HEFE_1 aerobe Prozessfihrung
Name HEFE_1

Organismus Saccharomyces cerevisiae

Startvolumen 100 L

Anfangskonzentration Glucose 10,0 gL

Anfnngsknnzentraﬁnn Ethanol 0,0 gL

Animpfkonzentration 4,0 gL

Temperatur 35,0 °C

Sauerstoffgehalt 60,0 %

9,4 0,2 34,9 L

Tz 0,8 35,0 6.7 59,9
41 1.7 35,0 6,4 60,0
0,9 2.4 35,0 6.1 62,1
0,0 2,2 35,0 6,0 60,0
0,0 1.7 35,0 6,0 60,0
0,0 1.3 35,0 6,0 60,0
0,0 0,9 35,0 6,0 60,1
0,0 0,6 35,0 6,0 60,1
0,0 0.3 35,0 6,0 60,2
0,0 01 35,0 6,0 59,9
0,0 0.1 35,0 6,0 o
0,0 0,0 32,0 6,0

ifferentiellen Methode

SRR S FLT TG

0,327 2,118
0,277 2,500
0,308 2,253
0,182 3812
0,029 24,087
0,028 24,433
‘0,028 24,780
0027 25473
0000 -
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~0,574
~0.508
~0,41¢
0,310
~0,199
~0,095
-0,007

0,053

0,073

0,043
-0,049
-0,215

(%]
A Ethano! [g/L]

wperimente zum Wachstumsverhalten der Beispielorganismen

||

Die Berechnung der Kenngréfien der anaero-
pen Hefekultivierung erfolgt mit den gleichen
Methoden wie die Berechnung der Kenngrofen
der aeroben Kultivierung. Damit die Auswertun-
gen der aeroben (Abb. 5.2) und der anaeroben
Kultivierung (Abb. 5.3) einfacher zu vergleichen
sind, ist die Zeitachse beibehalten worden. Es ist
aber zu beachten, dass die Auswertung der Kenn-
groflen nur bis zum vollstindigen Verbrauch der
Glucose sinnvoll ist. Weil im anaeroben Betrieb
dann kein Wachstum mehr erfolgt, ergeben Be-
rechnungen von Kennzahlen, die die Wachstums-
rate beinhalten keinen Sinn.

Im Vergleich der beiden Kultivierungen fillt
auf, dass die Wachstumsphase bei der anaeroben
Kultivierung kiirzer ist als bei der aeroben Kulti-
vierung. Die Hefezellen haben keine Méglichkeit,
Ethanol zur Energiegewinnung umzusetzen. Dies
zeigt sich deutlich im Ausbeutekoeffizienten Bio-
trockenmasse/Glucose. Dieser ist bei der anaero-
ben Prozessfithrung deutlich geringer.

Die Erwartung fiir den Ausbeutekoeffizienten
Biotrockenmasse/Ethanol ist fiir die anaerobe
Prozessfithrung Null, da kein Abbau von Ethanol
zur Energiegewinnung stattfinden kann.

Experiment Hefe_2: batch-Prozess mit Saccha-
romyces cerevisiae bei verschiedenen anfiing-
lichen Biomas ibstratkonzentrationen
sowie bei vel mperaturen

Aufgabe: QUSEEES 20 von
batch-Kult | g
ko ;Jn"- ¥

Uberlegen Sie sich hierzu eine
Sie mit moglichst wenigen Experin
wertbaren Aussagen kommen kon:
torieller Versuchsplan [Soravia and

Auswertung:

Bereiten Sie die Daten wie in Exper

auf und werten Sie diese entspreche

e Welche Startzellkonzentration w
optimal ansehen?

e Welche optimalen Anfangsko
fiir Glucose wiirden Sie nach Au
Ergebnisse vorschlagen (Begriin:

e Vergleichen Sie diese Werte mit
ten.

Fiihren Sie ein Experiment mit den
wihlten Bedingungen durch und iil
ob Thre Prognosen zutreffen.

Experiment Hefe 3: batch-Prozes:
romyces cerevisiae; Bestimmung di
und des respiratorischen Quotient
rend einer Kultivierung,

Aufgabe: Durchfiihrung einer einf;
Kultivierung mit geregeltem pO,-!
mung des k a-Wertes in Abhiingig
Rithrerdrehzahl mit den onlin
Sauerstoffkonzentration im Abgas
lostsaverstoffkonzentration c,. .
Bestimmung des Verlaufs des res
Quotienten (RQ) wihrend einer b
rung mit Hilfe der Abgasanalytik.
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E.coli J) ga 4lenl) ada jLas) 4.3
.(batch cultivation) E.colics &l 3 sl 9 5 o ozl il 13| LS oSS el gl ) dogl!

:BioProcessTrainer < 4d! ol g J& Sidlusy)

4> .BioProzessTrainerd! (initialization) JMgx! o 1ASCs . (Beoli_1) Hlest V) des I 2as @l e L <—

BioProzessTrainer V-<->=“J\ ey e i) (values) V-:ﬂ‘

3 0.5g L& 055 O g ) dxy (biomass) ple sed! LS

200 ml s sbun 52 13 C\.AU\ s 8] L O (biomass) Ju\./zﬁ,.j\ BLS ) <—

: el 4y b

WY all e 8 bl ol paell L8 dw (data sheet) <llens 55 e
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. zum Wachstumsverhalten der Beispielor

i
¥
o

rer Meinung nach das E,ndg‘d“ Fitk
< guriickzufithren (Substratlimi- ﬂ
.I -:‘h’liﬁ|mliteninhihierun.g)? ob]
in den jcweiliger{ Z:eitmtervaﬂgn

,.'.I probenahmen die im Fo_lgent:fleu' Bx
Grofen und stellen Sie diese

ten pec: coli
Funktion der Zeit dar.

ghel e wachstumsrate Auf

2 '\}‘L ’ ‘--1 i I LI‘,;LI‘ |r|| fﬂ
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fsche

ffizient Biotrockenmasse/Glu- ﬁg

' tier

gimente in Kap. 5.3) bat

fferentielle und die  Wa

Gri

Auy

i das EXS
er BioPro-

Vorgehensweise:
Fiihren Sie die Kulf
g1e zum Experiment
Je ein entsprechendes 18
genden Messgrofien vor:
* Laufzeit ¢

* Prol envolumen (hier 10
* Bj .|t.mkmma=.m.k(:—112ﬂﬂ
L ]

G Iumul\mmntrauon

. ['-wmn||Lkm1z_enlrat10n
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riellor Yl
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Be lUIl&
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e, Glucose- |
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e elche & en Sie d
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larg. "Velcha
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5€ Wi rden Sie ng
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(bioreactor/fermenter) , S 51 300L il § avanal 5

4dal sa(Specification) 5.1
dale 5575 1.1

E.coli & s A1 (3 &)l (proteins) <z g ) g2 (bioreactor/fermenter) 55,52 300L (P OV A

Transformation
Upstre am pro cessing
vector

with il el OOO oo QOO
o OO0 S
bacterial c=ll OO QOO
(agent) ) C : 3 o L
o\i& Vacclne:; apnu:';lcg“:;l LB plates with R oD
o D I - oo olNe's e
T PR s Ol ol 5 o

& building of colories 5

large scale

OOO 250 ml culture -, profileration of

E.coli in 300 L
bioreactor

) Ml iy AV RS 5 )
Downstream processmg 4 .
oLﬁ vaccule}

J-

(Requirements ) <lbdbia 512
Req1] It has to be a 300 L fermenter

[
[Reqg2] The tube is 1 m high and with has a radius of 318 mm
[Req3] Two steel sheets 316 Imx2m have to be used

[

Req4] Sensors: 1. pH sonde, 2. temperature, 3. oxygen, each is 12 mm x 120 mm 4. filling level (dt.
Fillstandsmesser)

[Reqg5] Motor: ca. 1-8 U/sec., d.h. 60 — 480 U/min.

[Reg6] NaOH, HCl inlet, each is controlled with a valve (not a motor). That means it has to be above (or
on higher level as) the fermenter tube.

[Req7] One oxygen inlet
[Reqg8] LB media inlet, recombinant culture inlet

[Req9] For temperature control: heat exchanger
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(design) asaaill 5.2

Ablu't
[ ]

Abluflkihier L,

z KUk wasse

bzw. Trilbung Fillstand

Gas-Flow Gelostsaversioff

Zuluft
Zulauf +@—®—Z' i @‘ Erntegefald

- Schiaum
AV
T—
Waage Waage
=3 T =} T

-1 ~  Antischaum
[k e
I = - >
@ Heizung /
Kuhlwasser

P

|
4 |
\
| | Kiihl- und Heizmantel
L |

r |

Wellendurchfiihrung / Temperaus

Kupplung ~ T

Saurel LY

[
Lauge D_
.

0 O

Medienleitung
po——- Motor Signalleitung
I — == Steuerleilung
= [A1 Sterifiilter

Drehzatd Tachogenerator

Figure: Instrumentation
Construction 5.3

(1)01 5!
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500 mm

1000 mm

S5l e bl o 5 1

W 203)
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1000 mm

Slgzll S - % o5l

G e (4)
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500 mm

1000 mm

Ol 3 W iy s Vs

O Vg2 )

1000 mim: |
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Sz Y 2 2 Y e

eIl s (6.)

500 mm

1000 mm

LS elis ey oY s
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1000 mm ; £'f

(7)<l 2

L;‘"‘“A" J;‘LJ‘ J:-J.A (8.)

500 mm

1000 mm

O 8 Bl s oY1 s
oS YV |5 04(9)
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500 mm

1000 mm

Cs Vs e e U ST Ll 2 ls 8 01 & Sl

8 A e (10)

Ol 13 5,1 A B y3 s 3)) A1 e
S V) e (11.)
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Vom Schrottplatz hat das obige Getriebe 53 USD gekostet. Als Getriebesl muss unbedingt 90iger Ol
eingesetzt werden (0,5-1 Liter, 1Liter kostet 6 USD).

Das Getriebe links kostet 300 USD, das Getriebe Alternativ dazu kann eine Umsetzung auf die
oben rechts 280 USD. Handler: Seitenstrasse folgende Art geschehen:

links vor Jamal&Chaban (wenn man aus der
Innenstadt kommt), Tripoli, Libanon

‘\‘\':}' pe - i

Zur Abdichtung des Riihrerrohres gegen die obere Reaktrowand wird eine einfache Gleitringdichtung
verwendet.
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Fig.: Gleitringdichtung

Schnitt durch eine drehrichtungsunabhéangige, einfachwirkende Gleitringdichtung.
1) Gewindestift

2) O-Ring (Sekundéardichtung)

3) Spannstift als Verdrehsicherung fiir den Gleitring (4)
4) Gleitring

5) Gegenring

6) O-Ring (Sekundéardichtung)

7) Gehausewand (nur angedeutet)

8) Spannstift als Verdrehsicherung fiir den Gegenring (5)
9) Welle/Achse

10) Federn

Gleitringdichtungen oder auch sogenannte dynamische Dichtungen iibernehmen die Abdichtung
rotierender Wellen gegeniiber einer Wand, z. B. eines Maschinengehauses. Hauptkomponenten sind
zwei aufeinander gleitende Bauteile, der befederte Gleitring (im oberen Bild Position a) und ein
Gegenring. Einer der beiden Ringe sitzt starr im stationaren Gehause (Stator) (im oberen Bild Position
d), der andere ist mithilfe von Verdrehsicherungsstiften auf der rotierenden Welle befestigt (Rotor). Die
Flachen zwischen diesen beiden Teilen sind - abhédngig von der Art der Gleitringdichtung — zumeist
plan und bestehen in der Regel aus Kohlenstoff-

Graphitwerkstoffen, Metall, Keramik, Kunststoff oder kunstharzgebundenem Kohlenstoff.
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i 5.5
material piece list for initial
inner bioreactor

piece Length (m) | number | cost per meter or piece Cost of pieces
fermenter box 1 S500 S500
motor for fermenter 1 $60 $60
Rohr 1,13 1 $40 $45
0,73 1 S40 $29
0,90 4 $40 $144
0,65 2 S40 S52
0,51 2 $40 $41
Stange 3,00 4 $15 $180
0,50 8 S15 S60
Valve 5 $15 $75
Costs (without
Sensors) $1.186,20

52



25584 eull (automation) aSadll 6

(Specification) <lialse.3.3

(ensors) (stwa) 5 jga/ 6.1.1

055 sl Johs 8124 ol

(actuators) < a0 6.1.2

U

el 4dld 6.1.3
BioProzessTrainer WinErs ~

dye Zeit 04:14:28
oSl e

Riihrerdrehzahl

) o | Prozesszeit | 00:00:00
Glucose N, 0 1/min
Tank o et ey aial) o)) | Restlaufzeit | 12:00:00
O (OSyra e

» Abgas
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- Start Prozess
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(Hardware) »s3¢J 6.1.4

- K&8061 Test & Diagnosis Utility (Rev. V1.1)
— USB cable
—  Boards for sensors und actuators

6.1.5 Example for input/outputs of K8061 for the bioreactor system

# | Unit Type Symbol | Input/ Port/Pin  Signal part/range Remark
Output
1 Emergency switch switch N | PHO Digital 0-1 Bioreactor control
(Software) OFF
1 |rotor switch C (0] PJO-3 Digital 0-1 Turning ON/OFF
1 | Pump for heating 220V M (0] PA0O-1-2 | Digital Stufen 0,1,2,3 | Pump control
water pump
with
relais
1 | Speed counter with Hitachi S¢ | PT7 digital (impulses) 50 Hz Drehzahlzihler
photocell fiir Generator
2 | Level meter Farnell L | PA3-4 digital 0-100% Bioreactor tank
1 Control valve Danfoss v (0) PB3-4 digital/analog 1-2/3-1
1 Control valve Danfoss v (0) PB3-4 digital/analog 1-2/3-1
5 | Temperature sensor Pt100 T (0] PADO00- analog (4-20 mA) -200 -
TFKO01 PADO4 +600°C
3 | Pressure sensor Mano- p 1 PADO08- | analog (4-20 mA) 0-180 bar
meter PADI10
3 | Mass flow Danfoss dm/dt 1 PAD11- | analog (4-20 mA)
PAD13
Table 6.1: Specification for actuators and sensors
Remark:

In sensors for the output signal is 4-20 mA standard, ie the lowest measured value corresponds to 4
mA, 20 mA corresponds to the top and what is below 4 mA for line fault detection. Actuators at the
output signal must be amplified.

6.1.6 Extended USB interface Board K8061

The Velleman K8061 module has 33 Ein-/Outputs and is connected via a USB port on the PC. The connection is
galvanically-optically isolated, so that damage to the PC is not possible.
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5 PWM output |||||||||
m 8 Analog outputs

. Dto5Vor
i Dto 10V

8 open collector ,® :
outputs i ﬂ:l

8 Analog inputs

i : 0o 5V or
! 0to 10V

ection per analog input / output

open collector

8 Digital inputs;
Use dry switch o !

I/O check LEDs |

Abb. 8.1-2: I/O-Karte K8061

Characteristics:
¢ 8analog Inputs with 10 bit-Auflosung: 0...5 V oder 10 VDC / 20 kQ)
¢ 8analog Outputs with 8 bit-Auflosung: 0...5 V oder 10 VDC / 47 Q
¢ 8digital Inputs: ,,Open Collector”-Kompatibel (Anschluss an GND=0) with integrated LED display
¢ 8digitale ,Open Collector”-Outputs (max. 50 V/100 mA) with integrated LED display

® One 10 bit PWM-Ausgang: 0 bis 100% ,,Open Collector”-Ausgang (max 100 mA /40 V) with
integrated LED display

¢ General response time: 4ms per command
e USB Port: 2.0
Specifications:
* Power consumption from USB port: about 60 mA
e can be connected to the PC up to 8 cards
e Powered by PS1205 adapter: 12Vdc / 300 mA
e PWM frequency: 15.6 KHz
¢ Standard time: 48 ms (Microchip and K8061D.DLL drivers)
¢ Enhanced Execution time: 21 ms (K8061_C.DLL V1.0 for RE applications use)
e PCB Dimensions: 195 x 142 x 20mm (2.7 "x 5.6" x 0.8 ).
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Connections of the K8061:

1: K8061-PC USB port

e 2:power supply (12VDC non-stabilized, at least 300mA)

e 3 and 4: Digital inputs 1-4/5-8: External "LOW" activate (with GND).
¢ 5and 6: Digital Outputs 1-4/5-8: "open collector" outputs

e 7 and 8: Analog inputs 1-4/5-8: With their help, you can digitize read an analog voltage applied to it
via the PC.

These inputs require a stable DC voltage (0-5V or 0-10V).
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.(production scale) >l 3Uai 3 chromatography columns J Jue

GE Healthcare
Bedienungsanleitung BioProcess LPLC- und MPLC-Saulen

GE Healthcare

Data file 18-1115-23 AD BioProcess Column

BPG Columns 100, 140, 200, 300
and 450 series

BPG™ columns are glass chromatography columns
designed for industrial applications which demand high
standards of hygiene. The columns are constructed from
component materials of the highest quality and withstand
the harsh conditions used for cleaning in place of packed
separation media. An overview of column characteristics is
shown in Table 1. The columns are characterized buy:

* Hygienic design and operation. Microbial attachment
and growth is hindered through the use of calibrated
precision glass, high grade electropolished stainless steel
and an absence of dead pockets.

s Easy, efficient packing and running with the
singlescrew adapter.

« QOperating pressures matching most BioProcess™ Media.

« All polymeric materials meet the requirements for USP Fig 1. BPG column family.
class VI, described in USP <88> Biological Reactivity Tests,
In Vivo.
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BioProcess systems Now part of
GE Healthcare

-wn-—q{-ﬁ

BioProcess MPLC/HPLC Systems

BioProcess™ MPLC/HPLC systems comprise a family of stainless

steel, liquid chromatography systems for use in process-scale

applications where high pressures {20-80 bar) are required.

Reliable 24 hour-a-day unattended operation contributes to

cost-effective processing, all the way from feed introduction to

final fractionation. BioProcess MPLC/HPLC systems simplify

chromarographic procedures and offer:

« UNICORN™ =oftware that meets GMP requiremerts, including
electronic signatures and records

« Precise control of gradient with feedback (Type Il system only)

« Compact, modular and sanitary design

Multi-product processing, prepared for automated CIP

Compatible MPLC and HPLC columns

Fig 1. BioProcess MPLC and HPLC systems allow cost-saving,

GE“E[H' Slr'StEm desc"lﬂlﬂn unattended operation in biopharmaceutical processing.
Bloprocess MPLC / HPLC system — Type g:zi iséirtldard configuration includes 4 inlet lines,
The BioProcess MPLC/HPLC system — Type II is an advanced blending loop with conductivity measurement or NIR
gradient system designed to blend solvents continuously. detection
Control of the blending system is based on conductivity, NIR, bubble tr;l cessure transmitter. flow meter after the
or refractive index of the solvents; this results in very accurate column P P ’
and reproducible gradients. The inclusion of a bubble trap in UV de tc;c tor. and 5 fractionation valves. All systems
the gradient system ensures that the mobile phase is free of air. are ’ ’ y

controlled by UNICORN software.
Several additional features/components are available to
ensure
that systems match specific needs. These options
include:
- 2 extra inlet buffer lines
-5 extra fractionation valves
- magnetic coupling of circulation pump
- temperature control before or after the column
- conductivity meter in gradient blending system or after
the column
- pressure transmitter after the column
- pH meter before and after the column
- refractive index detector for fractionation or gradient
1% blending system
- valve feedback
ititi - filter module
Fratora - injection loop
- heat exchanger

|

el

Fig 3. Piping and instrumeritation diagram of a BioProcess
MPLCHPLC system — Tvpe I1.
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UNICORN control

UNICORN control software provides a single familiar interface for
both chromatography and membrane separations. It provides efficient
control of the process as well as flexible method programming,
extensive data evaluation and powerful reporting functionality. In
addition, UNICORN is compliant with FDA 21 CFR Part 11,
satisfying the regulatory requirements for electronic records and
signatures.

]
!

disEs AEEEE

=g T

) o "
o] s b e | e [TEsie e [ | A DODAERLN =

Fig 4. Same familiar interface for both chromatography and
membrane system

Fig 5. BioProcess HPLC systems and HPLC columns are especially
suitable for purifying small biomolecules with media such as SOURCE.
MPLC system and column combinations are also available for

similar applications.

ol 9 AR (3 jhat e

Please refer to [Mourad 2003] Samir Mourad, "Purification and characterization of a Glucose-1
phosohatase from Pantoea Agglomerans”, Karlsruhe, 2003, www.aecenar.com/publications
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Legionella pneumophila ATCC 33152
Phospholsipase A2
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Vaccine vector
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Escherichia coli ATCC 25922

Escherichia coli ATCC 35150

Staphylococcus aureus ATCC 25923

Staphylococcus aureus

Production of Staphylococcus aureus Protein A United States /<y 8.2
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Claims:
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What is claimed is:

1. A plasmid vector comprising a DNA sequence specifying Protein A; expression signals operably linked to said DNA
sequence for directing expression of the Protein A DNA sequence in a Gram-positive microorganism of the species
"B. subtilis"; a selectable phenotypic marker which is expressable in a Gram-positive microorganism of the species
"B. subtilis"; and a region of sequence homology with a chromosome of a Gram-positive microorganism of the
species "B. substilis", said region of sequence homology being capable of permitting integration of the Protein A DNA
sequence into said chromosome.

2. The plasmid vector of claim 1 further comprising a selectable phenotypic marker which is expressable in E. coli
and a functional E. coli replicon.

3. A method of producing Protein A comprising cultivating in a nutrient medium a transformed Gram-positive
microorganism of the species "B. subtilis" transformed by a vector containing a nucleotide sequence coding for
Protein A and expression signals operably linked to said DNA sequence for directing expression of Protein A in the
transformed microorganism, to produce protein A; wherein the vector contains a DNA fragment homologous to a
region of the chromosome of said microorganism, and the nucleotide sequence coding for Protein A is integrated into
the microorganism host chromosome under recombination conditions.

4. The method of claim 3 wherein the vector is a plasmid capable of replication in E. coli.

5. The method of claim 4 wherein plasmids are prepared which contain DNA fragments homologous to different
regions of the chromosome of the Gram-positive microorganism, and such plasmids are linearly integrated into their
respective homologous regions of the host chromosome under recombination conditions resulting in multiple

insertions into the host chromosome.

6. The method of claim 4 wherein the plasmid contains a DNA fragment homologous to sequences of the
chromosomes of more than one species of Gram-positive bacteria.

7. The method of claim 4 wherein the plasmid contains more than one copy of the nucleotide sequence coding for
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Protein A.

8. The method of claim 4 wherein the plasmid contains more than one copy of the nucleotide sequence coding for
Protein A.

9. The method of claim 4 wherein the plasmid contains two tandem copies of the nucleotide sequence coding for
Protein A.

10. A protein A-producing strain of a Gram-positive microorganism of the species "B. subtilis", wherein the
chromosome of said microorganism comprises a heterologous Protein A gene under the requesting central of
expression signals capable of directing expression of the Protein A gene.

11. A method of producing Protein A comprising cultivating in a nutrient medium a strain of Bacillus subtilis, having
the identifying characteristics of strain GX3305 (ATCC No. 39345).

12. Bacillus subtilis strain GX3305 (ATCC No. 39345).

Description:
BACKGROUND OF THE INVENTION

Protein A is a cell wall component produced by nearly all strains of Staphylococcus aureus (see e.g. Forsgren, A.,
Infection and Immunity 2: 672-673 [1970]); and Sjoquist, J. et al., Eur. J. Biochem. 30: 190-194 [1972]). Protein A is
useful in that it binds strongly and specifically to the Fc portion of immunoglobulin IgG from a variety of mammalian
sources, including human (Kronvall, G. et al., J. Immunol. 103: 828-833 [1969]). Thus this protein has been used in
diagnostic applications and has potential therapeutic value.

In most S. aureus strains, at least 70% of the Protein A produced is covalently linked to the peptidoglycan of the cell
wall (Sjoquist, J. et al., Eur. J. Biochem. 30: 190-194 [1972]. The site of attachment is the C-terminal region of the
Protein A molecule (Sjodahl, J., Eur. J. Biochem. 73: 343-351 [1977]). Some Protein A (15-30%) is generally excreted
into the growth medium, and there are several circumstances under which the fraction of Protein A which is excreted
can be increased. Some methicillin resistant strains of S. aureus excrete essentially all their Protein A (Lindmark, R.
et al., Eur. J. Biochem. 74: 623-628 [1977]). Low levels of puromycin increase the amount of excreted Protein A,
presumably by truncating the protein and thereby eliminating its C-terminal cell wall attachment site, and protoplasts
excrete nearly all the Protein A which they synthesize (Movitz, J., Eur. J. Biochem. 68: 291-299 [1976]).

Protein sequence information is available for Protein A from S. aureus strain Cowan | (Sjodahl, J., Eur. J. Biochem.
78: 471-490 [1977]). The Cowan | strain contains approximately 2x10° molecules of Protein A per cell (Sjoquist, J. et
al., Eur. J. Biochem. 30: 190-194 [1972]).

Protein A is synthesized in S. aureus only during exponential growth, and synthesis ceases as the culture
approaches stationary phase (Movitz, J., Eur. J. Biochem. 48: 131-136 [1974]). The level of synthesis of Protein A in
S. aureus is highly variable, and is strongly influenced by the growth conditions in some as yet poorly defined ways
(Landwall, P., J. Applied Bact. 44: 151-158 [1978]).

65



The Protein A gene from S. aureus strain Cowan | has been cloned in E. coli. Lofdahl, S., et al., Proc. Natl. Acad. Sci.
USA, 80, 697-701 (1983). This gene is contained in a 2.15 kilobase insert bounded by EcoRV restriction sites. The
gene has been inserted into a plasmid and cloned in E. coli, where low levels of expression have been achieved. The
chimeric plasmid which contains the Protein A gene has been designated "pS

Currently, industrial production of Protein A is carried out using mutant strains of S. aureus. A major disadvantage of
using S. aureus to produce Protein A is that all available production strains are human pathogens. Although many
genetic engineering experiments have been conducted using Escherichia coli, that organism is not suitable for
efficient production of Protein A, since it does not export protein outside the cell. Furthermore, E. coli possesses
disadvantageous pathogenic properties as well, i.e., produces endotoxins.

There thus remains a need for the production of Protein A by means which are both safe and efficient.

SUMMARY OF THE INVENTION

In accordance with the present invention, Protein A-producing Gram-positive bacteria are prepared by introduction
into Gram-positive cells which do not normally produce Protein A, vectors containing the nucleotide sequence coding
for Protein A and expression signals directing expression of the Protein A gene in the microorganism. Protein A can
be produced by cultivating such cells in a nutrient medium under protein-producing conditions.

DETAILED DESCRIPTION OF THE INVENTION

A method of achieving high level production of Protein A in Gram-positive microorganisms without substantially
inhibiting the growth of the host has been discovered. The method involves transformation of a Gram-positive
microorganism by introduction therein of a vector containing the nucleotide sequence coding for Protein A. A Protein
A gene may be obtained from Protein A-producing microorganisms, such as the above-mentioned strains of S.
aureus. A preferred source of the gene is plasmid pS

, which has been cloned in E. coli. See Lofdahl, S., et al. (supra). The gene may advantageously be excised from that
clone by digestion with endonuclease EcoRV.

The Protein A gene may contain its natural expression signals (i.e., transcriptional and translational initiation
sequences), or those signals may be replaced by other expression signals recognizable by the Gram-positive host
microorganism. Replacement of the natural expression signals with other recognizable Gram-positive expression
signals may be accomplished using conventional methods of molecular biology. Such replacement involves cleavage
of the natural expression signals from the Protein A sequence and fusion of the desired expression signals to the
Protein A gene.

Construction of the Protein A-producing strains of this invention involves inserting, by recombinant DNA techniques,
the Protein A gene into a plasmid vector. Such a vector may be prepared in vitro and inserted directly into the Gram-
positive bacterial host by transformation techniques. The vector is preferably cloned in another organism for
amplification and purification prior to transformation of the ultimate Gram-positive host cells. The microorganism used
for the intermediate cloning step may be an organism in which the vector will be maintained and express selectable
phenotypical properties. E. coli is the preferred microorganism for the intermediate cloning step.
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When the vector is constructed in vitro and first cloned in E. coli, it advantageously contains a functional E. coli
replicon as well as a phenotypic marker for E. coli. The vector also advantageously contains a phenotypic marker for
the Gram-positive host microorganism. In one embodiment of the present invention, the vector also contains a
functional replicon permitting autonomous replication in the Gram-positive bacteria selected. One or more copies of
the Protein A gene may be inserted into this vector, and the vector then used to transform the appropriate Gram-
positive microorganism.

In preferred embodiments of this invention, the vector does not contain a replicon capable of functioning in the Gram-
positive microorganism selected, but rather contains a DNA sequence homologous to a region of the chromosome of
that Gram-positive microorganism. This construction permits linear integration of the vector into the host chromosome
in the region of homology. The vector is again advantageously constructed in vitro and first cloned in E. coli as above;
however, if desired, the gram-positive bacterial host may be transformed directly with the chimeric plasmid. Such a
vector transforms the Gram-positive microorganism by recombination with the homologous region of Gram-positive
host chromosome. An advantage of this method is that there is less likelihood of loss of the Protein A sequence from
the host, due to negative selection favoring plasmid-free cells, and Protein-A producing strains prepared in this
manner have been found to be genetically stable.

The Gram-positive host microorganisms employed in this invention are advantageously selected from non-pathogenic
strains which do not normally synthesize Protein A. Although the invention will be described in detail with regard to
Bacillus subtilis, it is to be understood and will be appreciated by those skilled in the art that the invention is
applicable to a variety of Gram-positive microorganisms. Particularly preferred host microorganisms are well known
industrial strains of the genera, Bacillus and Streptomyces. Generally, it has been found that Protein A is produced at
optimum levels during the exponential growth phase of the organisms, and production slows considerably thereafter.
It has also been found that the period of Protein A synthesis can be extended using sporulation deficient (spo’) Gram-
positive hosts. When spo hosts are used, the resulting strains are generally genetically more stable, the level of
Protein A is higher, and, because fewer proteases are produced by these cells, the Protein A product is more stable.

Transformation of the Gram-positive microorganism may be accomplished by any suitable means. A particularly
preferred transformation technique for these organisms is to remove the cell wall by lysozyme digestion, followed by
transformation of the resulting protoplasts. Chang, S., et al. Molec. Gen. Genet., 168, 111-115 (1979). Alternatively,
cells competent for transformation can be transformed by a modification of the method of Anagnostopoulos, C., et al.,
J. Bacteriol., 81, 741-746 (1961), as described in Example Il below.

The procedures used to clone the Protein A gene and construct Protein A-producing strains of B. subtilis described
herein are, except where otherwise indicated, accomplished by using conventional techniques of molecular biology.
Segments of DNA containing the sequence coding for Protein A are isolated. If the sequences contain the natural
expression signals for Protein A, the segments may be inserted into an appropriate vector without further
modification. If the sequences do not contain the natural expression signals, or it is desired to replace them, the
existing expression signals (if present) may be enzymatically removed and a DNA sequence containing the desired
expression signals may then be fused to the Protein A gene. The Protein A sequences attached to the desired
expression signals may then be inserted into an appropriate vector.

Vectors appropriate for transformation of B. subitilis are generally plasmids, and are advantageously constructed in E.
coli. Such vectors contain a functional E. coli replicon, a phenotypic marker for E. coli, and a phenotypic marker for B.
subtilis. The vector may also contain a B. subtilis replicon, but preferably it does not and instead contains a DNA

sequence homologous to a region of the B. subtilis chromosome. Insertion of the homologous DNA sequence into the
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vector permits recombination of the vector with the B. subtilis chromosome, where it can be maintained at a copy
number of one per genomic equivalent.

One or more copies of the DNA sequences coding for Protein A and the desired expression signals are then inserted
into the vector. The presence of the E. coli replicon and phenotypic marker in the vector permit its cloning and
maintenance in E. coli, and allow for selection of clones containing the vector.

When an intermediate cloning step in E. coli is employed, one or more E. coli colonies which carry the Protein A-
containing plasmid are grown on suitable nutrient media, and the plasmids are isolated therefrom. Cells of B. subtilis
(i.e. competent cells of protoplasts) are then transformed by introduction therein of the vector and successful
transformants are selected by means of the B. subtilis phenotypic marker. Vectors containing a B. subitilis replicon are
capable of reproducing in the host and producing Protein A when the cells are grown under protein-producing
conditions. Alternatively, vectors not containing a B. subtilis replicon but instead containing a DNA sequence
homologous with the host chromosome will recombine with the host chromosome and be replicated along with the
host chromosome.

Preferred plasmid vectors for the cloning procedures described herein are graphically illustrated in the drawings.

FIG. 1 depicts a vector designated pGX251, which was constructed from the E. coli vector pBR322 and the B. subtilis
vector pC194. In FIG. 1, the pC194 sequence 10 containing B. subtilis replicon 30 is fused to pBR322 sequence 20
containing E. coli replicon 40. The pC194 sequence contains the CAT gene, which specifies resistance to
chloramphenicol. The pBR322 sequence contains a galactokinase (galK) gene, a gene specifying ampicillin
resistance (amp) and a transcription termination sequence 70 derived from bacteriophage lambda. Plasmid pGX251
contains a unique EcoRYV restriction site which provides a convenient insertion site for the EcoRV fragment 60 from
pS

which contains the protein A gene (pra). The most prevalent orientation of the pra gene is illustrated, but either
orientation can be employed, since the pS

EcoRV segment contains the appropriate expression signals.

FIG. 2 depicts plasmid pGX284, which is the preferred vector for the practice of the present invention. In FIG. 2,
pBR322 sequence 15, containing E. coli replicon 55 was fused to pC194 sequence 25 containing no replicon. Like
vector pGX251, pGX284 specifies ampicillin (amp) and chloramphenicol (CAT) resistance, contains the galactokinase
(galK) gene, contains the lambda transcription termination sequence and the unique EcoRV recognition sequence 65,
providing an insertion site for the Protein A gene-containing segment 45. In addition, pGX284 contains a segment of
B. subtilis chromosomal sequences 35. The presence of these sequences and the absence of a B. subitilis replicon
permits linear integration of this vector into the chromosomes of B. subtilis transformants.

A further embodiment of the present invention involves preparation of vectors differing in their homologous
chromosomal DNA sequences, but still containing one or more copies of the Protein A gene. Thus, vectors can
contain sequences from different regions of the B. subtilis chromosome, or even from chromosomes of different
species of Bacillus. This permits integration of the vectors into different parts of the host chromosome in the
corresponding regions of homology resulting in transformants with more than one vector incorporated in the host
chromosome.
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Transformed B. subtilis cells are grown in a nutrient medium under protein-producing conditions resulting in the
production of Protein A by the cells and the secretion of Protein A into the medium. Protein A may then be purified
from the medium after removing intact cells using conventional techniques.

Those skilled in the art will recognize that, although the present disclosure describes cloning and expression of the
entire Protein A gene, functional segments of that gene or fusions of the gene with other DNA segments can also be
cloned and expressed in accordance with the teachings herein. Such segments and fusions are, therefore, intended
to be within the scope of this invention.

The invention is further illustrated by the following examples which are not intended to be limiting. For the DNA
manipulation described in this and the following examples, the restriction endonucleases and other enzymes used
were purchased from New England Biolabs, Inc., Bethesda Research Laboratories, Inc., Boehringer Mannheim
GmbH, and were used in the conventional manner as recommended by the manufacturer, except as noted otherwise.

EXAMPLE |
Isolation of a DNA sequence containing the Protein A gene and Promoter
Region

Plasmid pSPAI (consisting of a 7.6 kilobase pair insert of DNA derived from S. aureus strain 8325-4 in E. coli vector
pBR322) at a concentration of 110 pg/ml was digested with restriction endonuclease EcoRV at 256 units/ml in a
buffer ("EcoRV buffer") containing 150 mM NaCl, 6 mM Tris-HCI (pH 7.9), 6 mM MgCl,, 6 mM 2-mercaptoethanol for
1 hour at 37° C., then for an additional 30 min. with an additional 256 units/ml EcoRV endonuclease. A small EcoRV
fragment (2.15 kb) was isolated by agarose gel electrophoresis and electroelution, and found to obtain the Protein A
gene and promoter region (see Examples Il and 1V).

EXAMPLE |
Insertion of the 2.15 kb pair fragment into Plasmid pGX251

Plasmid pGX251 (containing an E. coli replicon derived from plasmid pBR322, a B. subitilis replicon derived from
plasmid pC194, the gene for ampicillin resistance, the gene for chloramphenicol resistance and a unique EcoRV site)
was linearized by restriction endonuclease digestion with EcoRV (640 units/ml) at a concentration of 40 pug/mlin
EcoRV buffer for 1 hour at 37° C. Digestion was terminated by incubation for 8 minutes at 65° C. and was determined
to be complete by agarose gel electrophoresis. The 2.15 kb EcoRV fragment from Example | and linearized pGX251
were ligated at a concentration of 200 pg/ml EcoRV fragment, 100 pg/ml linearized pGX251, in a buffer ("ligation
buffer") containing 50 mM Tris-HCI (pH 7.8), 10 mM MgCl,, 2 mM dithiothreitol, 0.5 mM ATP, and 100 pyg/ml bovine
serum albumin, and 4x1 0%Units/ml T4 DNA ligase at 5° C. for 15 hours.

Calcium-shocked E. coli strain SK2267 (F, gal’, thi’, T1R, hsdR4, recA’, endA’, sbcB15) cells (0.2 ml), prepared as
described by R. W. Davis, et al., "Advances Bacterial Genetics" Cold Spring Harbor Laboratory, N.Y. (1980) were
transformed with the ligation mixture containing 0.2 g linearized pGX251 and 0.4 pg of the 2.15 kb Eco RV
fragment. Colonies were selected on standard L-broth plates containing 50 pg/ml ampicillin. An ampicillin resistant
transformant designated strain GX3311 produced approximately 1 pug/Asoo unit of Protein A, determined by the
method of Lofdahl, et al. (supra). The plasmid carried by this strain, designated pgX2901, consisted of a single copy
of the 2.15 kb Eco RV fragment in pGX251.

69



EXAMPLE llI

B. subtilis competent cell transformation by pGX251 containing Protein A

gene and Protein A production therewith

Competent cells of B. subtilis, strain BR151 (Lovett, P. S., et al., J. Bacteriol., 127, 817-828 (1976)) were transformed
with 0.3 pg/ml plasmid pGX251 containing the protein A gene. To prepare competent cells, B. subtilis strain BR151
was grown overnight at 37° C. on tryptose blood agar base (Difco). Cells were resuspended in 10 ml SPI medium
supplemented with 50 ug/ml each of lysine, tryptophan, and methionine to give a reading of 50-70 on a Klett-
Summerson colorimeter equipped with a green filter (Klett Mfg. Co., New York). SPI medium consists of 1.4%

Kz HPQOy4, 0.6% KH2 PO4, 0.2% (NH4)2 SO4, 0.1% sodium citratej&2H, O, 0.5% glucose, 0.1% yeast extract (Difco),
0.02% Bacto-Cusamino acids (Difco), and 0.02% MgSOs 757H2 O. The cultures were incubated at 37°on a rotary
shaker (200-250 rpm) for 3-41/2 hours until logarithmic growth ceased and the cells entered early stationary phase.
The cells were then diluted 10 fold into the same medium supplemented with 0.5 mM CaCl,. Incubation was
continued for 90 min. The cells were then centrifuged for 5 min. at room temperature, and resuspended in 1/10
volume of spent medium. 1 ml aliquots of the cell suspensions were frozen in liquid nitrogen and stored at -80° C. for
use.

For transformation, the frozen competent cells were thawed quickly at 37° and diluted with an equal volume of SPII
medium supplemented as above with amino acids. SPIl is the same as SPI except that the concentration of MgSQy is
increased to 0.04% and 2 mM ethyleneglycol-bis-(B-aminoethylether)-N,N,N',N'-tetraacetic acid (EGTA) is added.
Cells (0.5 ml) are mixed with 0.1 to 5 pg of DNA in 13x100 mm glass tubes. The cell suspensions are rotated at 37°
C. for 30 min. Penassay broth (Difco) (1-2 ml) is then added and incubation continued for 60 min. at 37° C. Cells are
then recovered by centrifugation, resuspended in 0-2 ml Penassay broth, and plated on LB agar plates containing 5-
10 pg/ml chloramphenicol.

Successful transformants were selected at 5 pg/ml chloramphenicol. The transformed B. subtilis strain was
designated GX3308. This strain was shown to produce small quantitites of Protein A by the procedure of Lofdahl, et
al. (supra), but lost the plasmid quickly upon culturing in a nutrient medium.

EXAMPLE IV

Insertion of 1 copy of the 2.15 kb fragment into Plasmid pGX284

Plasmid pGX284 (containing an E. coli replicon derived from plasmid pBR322, the gene for ampicillin resistance, the
gene for chloramphenicol resistance, a unique EcoRYV site, and an undetermined B. subtilis chromosomal sequence)
was linearized by endonuclease digestion with EcCoRV at a concentration of 40 pg/ml in EcoRV buffer for 1 hour at
37° C. Digestion was terminated by incubation for 8 minutes at 65° C. and was determined to be complete by
agarose gel electrophoresis. The 2.15 kb EcoRV fragment from Example | and linearized pGX284 were ligated at a
concentratin of 200 pg/ml EcoRV fragment, 100 pyg/ml linearized pGX284 under the conditions described in Example
I

Calcium-shocked E. coli strain SK2267 cells were transformed with the ligation mixture containing 0.2 g linearized
pGX284 and 0.4 pg 2.15 kb EcoRV fragment. Colonies were isolated on standard L-broth plates containing 50 pg/ml
ampicillin. An ampicillin resistant transformant designated strain GX3320 produced approximately 1 pg/Asoo unit of
Protein A. The plasmid carried by this strain, designated pGX2907 was determined to consist of a single copy of the
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2.15 kb EcoRV fragment inserted into pGX284. Transformed Strain GX3320 has been deposited with the American
Type Culture Collection, Rockville, Md., USA and has been designated ATCC No. 39344.

EXAMPLE V

B. subtilis protoplast transformation by pGX284 containing single copy of

Protein A gene and production of Protein A therewith

Protoplasts derived from B. subtilis strain 1S53 (spoOAA677) were transformed with 0.1 ug/ml plasmid pGX2907
containing a single copy of the Protein A gene. Strain 1S53 was obtained from the Bacillus Genetic Stock Center,
Ohio State University, Dept. of Microbiology, 484 West 12th Ave., Columbus, Ohio 43210 USA. Successful
transformants were selected at 5 ug/ml chloramphenicol. A transformant (designated strain GX3305) was found to
produce approximately 50 pg/ml Protein A in the extracellular growth medium when grown in a medium containing
(per liter) 33 g tryptone, 20 g Yeast extract, 7.4 g NaCl, 12 ml 3M NaOH, 8 g Nax HPO4, 4 g KHz PO4 for 17 hours at
37°C. GX3305 has been deposited with the American Type Culture Collection, Rockville, Md., U.S.A. and has been
designated ATCC No. 39345.

EXAMPLE VI

Insertion of 2 tandem copies of the 2.15 kb fragment into Plasmid pGX284

From the same tranformation described in Example 1V, an ampicillin resistant transformant was isolated (designated
strain GX3202-2) which was determined by restriction endonuclease digest anlaysis to carry a plasmid (designated
pGX2907-2) in which two tandem copies of the 2.15 kb EcoRV fragment had been inserted into pGX284.
EXAMPLE VII

B. subtilis transformation by pGX284 containing two tandem copies of

Protein A gene and production of Protein A therewith

Competent cells of B. subtilis strain BR151 were transformed with 0.3 pg/ml plasmid pGX2907-2, containing two
tandem copies of the Protein A gene. Successful transformants were selected at 10 pg/ml chloramphenicol. One
transformant designated strain GX3302-2 was grown in a standard fermenter (8L) containing 2xL Broth for 7 hours.

The final yield of Protein A was 47 mg/l in the extracellular growth medium as determined by IgG binding activity by a
competitive ELISA procedure as described by Lofdahl et al. (supra).
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Fig. 1
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Abstract

A new process for the purification of protein A from Staphylococcus aureus has been developed achieving
purity of more than 98% with a recovery of 30%. The process involves extraction employing a specific buffer
containing Toluene-Triton X-100-EDTA and subsequent purification using macroporous glycidyl
copolymer. The process has been successfully used to purify protein A of both extracellular and intracellular
origin. The process is simple, rapid, inexpensive and efficient when compared to many other reported

processes. © 1998 Elsevier Science Ltd

Keywords: nickel removal, staphylococcus zureus, purification, affinity chromatography.

Introduction

Protein A is produced intracellularly or extracellularly
[1] by Staphylococcus aureus. 1t is covalently linked to
the cell wall and binds specifically to the Fc portion of
IgG [2].

Protein A is used in different immunological tests
[3] and also in the affinity purification of monoclonal
antibodies. Its major therapeutic application is the
removal of IgG from plasma in the treatment of
certain types of cancer [4] and in the induction of
endogenous interferon [5]. For therapeutic application
protein A should be in a highly purified form and
completely free from associated toxins.

Protein A is generally purified by gel filtration [6-8]
or affinity purification [9] using an immobilized form of
IgG. The matrices for IgG immobilization so far
reported are: Sepharose 4B, Sepharose 6B, DEAE-
Sephadex and DEAE-cellulose [10]. Application of
these matrices in the purification process suffers from
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There are very few reports available in the literature
and no data that document the influence of process
conditions on the productivity and/or economics of
purification steps.

In the present communication we used glycidyl
methacrylate ethylene glycol dimethacrylate, a synthetic
polymer as an IgG ligand binder/coupling agent and
developed a simple, rapid, reproducible and single step
process for purification of protein A from S. aureus
cells. The developed process is feasible for large scale
purification of both extracellular and intracellular
protein A.

Materials and methods
Chemicals
All media constituents (e.g. peptone, beef extract,

glucose) were purchased from Himedia (Bombay,
India). Protein A was obtained from the Sigma



one or more of the following disadvantages when com- Chemical Co. (St. Louis, MO, USA) penicillir-lasc
pared with the multistep procedure of gel filtration; the (ELISA grade) and polymer matrix glycidyl methacry-
use of hazard0u§ chem‘icais to activate the matrix (e.g. late ethylene glycol dimethacrylate (GMEGDMA) are
cyanogen bromide), high cost and numerous opera- the products of R & D Division, Hindustan Antibiotics
BonaRbmitatons: Ltd (Pune, India). Other chemicals used were of ana-
*To whom correspondence should be addressed. lytical grade and procured from local suppliers.
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Protein A quantitation by competitive ELISA using penicillinase

N. Muniasamy, G. M. Bhopale, S. S. Ambedkar, S. R. Naik

Look Inside Get Access

Summary

A simple, sensitive and specific competitive ELISA method using penicillinase as a marker for quantitation of protein
A has been developed. The sensitivity of the assay is 20 ng/ml. This method is useful for estimating the protein A
concentration in fermented and extracted samples.
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FROTEIN A QUANTITATION BY COMPETITIVE ELISA USING PENICILLINASE

N. MUNIASAMY, G.M. BHOPALE, 5.5. AMBEDKAR & S.R. NAIK*
Research and Development, Hindustan Antibiotics Ltd.,
Pimpri, Pune - 411 018, India.

SUMMARY : A simple, sensitive and specific competitive ELISA method using penicillinase as a
marker for quantitation of protein A has been developed. The sensitivity of the assay is 20 ng/ml. This
method is nseful for estimating the protein A concentration in fermented and extracted samples,
INTRODUCTION : Protein A is a bacterial cell-wall protein found in  some strains of
Staphylococcus aureus (Bjork et al, 1972). Some methicillin-resistant strains also produce protein A
extraccllularly (Landwall, 1978). Protein A has potential applications in immunodiagnostics (Langome,
1980}, affinity purification of monoclonal antibodies and in the exiracorporeal removal of IgG from
plasma (Freiburghaus et al., 1988).

Protein A is quantificd according to its ability (o interact with the Fc portion of IgG employing
different immunological methods (Maneini et al., 1965; Laurell, 1972). However, the majority of these
methods are cither insensitive or time consuming or both (Landwall, 1978). Until now, ELISA methods,
protein A-peroxidase (Considing et al,, 1986) and protein A-alkaline phosphatase (Lofdahl et al,, 1983)
conjugates have been used. However, these ELISA methods have disadvantages: the need for high-cost
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enzymes, limited availability of reagents and usage of carcinogenic chemicals (Harinath and Cheimaraj,
1992). To overcome these problems, we report here a simple, specific, inexpensive and sensitive ELISA
(Competitive) for quantitation of protein A using pencillinase as an enzyme marker.

MATERIALS AND METHODS :
Preparation and Purification of Protein A-Penicillinase Conjugate :

Protein A-penicillinase conjugate was prepared by the method of Avrameas (1969). To prepare
the conjugate, 2.0 ml phosphate buffer (0.1M, pH 7.0) containing 100 pl 4% glutaraldehyde, (.2 mg
penicillinase (specific activity 800 IU/mg) and 0.3 mg protein A were mixed and incubated at 30° £ 2 °C
for 3 h with shaking and then dialysed against phosphate buffer (0.1 M, pH 7.0) at 4°C. The dialysed
conjugate was purified using Scpharose 6B column (1.2 em x 45 cm). The fractions of 2 ml were
collected using phosphate buffer (0.05 M, pH 7.0; flow rate 30 ml/h) and absorbance of fractions was
measured at 280 nm (Fig.1). Protein A-penicillinase comjugate was confirmed in 18th fraction by
immumodiffusion method (Forsgen & Sjogquist, 1969) and iodometric test (Joshi et al., 1984) for protein A
and penicillinase respectively.

Fermentation :

Staphylococcus aureus (ATCC 2492) was grown in 15L fermenter (New Brunswick Scientific
Co.) using the culture media described by Forsgren & Sjoquist (1969). The fermentation conditions for

growth and biomass separation were followed as descnbed by Sjoquast et al. (1972).

Protein A Extraction :
The extraction methods adopted for the intra-cellular protein A were: heat extraction (Forsgren

& Sjoquist, 1969), lysostaphin (Sjoguist et al., 1972) and surfactant (0.5ml of Triton X 100 in 0.01 M
phosphate buffer pH 7.0 agitated for 2 h). The protein A in extracted samples was confirmed
qualitatively and quantitatively by immunodiffusion method (Forsgen & Sjoquist, 1969) and ELISA
respectively.

Protein A Assay :

Each well of a microtitre plate was coated with 200 pl human IgG solution (2 pg/ml in 0.05 M
Na;C0y/NaHCO; buffer, pH 9.6). The plates were incubated (12 h at 4 °C) and washed three times with
saline (0.8% w/v) containing Tween 20 (0.05% w/v) solution. Protein A standards and protein A-
penicillinase conjugate (1:40 dilution) were diluted in phosphate buffer saline (PBS, 0.01 M, pH 7.0)
containing bovine scrum albumin (BSA) 50 ng/ml (PBBS). The PBBS was prepared as described by
Considine et al. (1986). The protein A standards (3-3000 ng/ml) were prepared in PBBS or in extracting
reagents or m sterile growth media viz. Trypticase soy broth, casein hydrolysate, yeast extract. The afore
mentioned media are commonly used for extracellular protein A production (Landwall, 1978). In each
well of the microtitre plate 100 pl conjugate was added and then followed by 100 pl standard protein A or
test samples. The contents in the well were mixed, incubated (1 h at 37 °C) and washed as mentioned
earlier. Starch-lodine pemicillin v solution (200 pl) was added to each of the well and kept at room
temperature (30° + 2°C) for 30 min. The Starch-lodine Penicillin V solution was prepared as described
by Joshi et al. (1984). The enzyme-substrate reaction was stopped by adding 50 pl H:SOy4 (1 M) and then
read at 630 nm on EIA plate reader (Model: EL 310, BIO-TEK Instruments, Inc., USA). The persistance
or decolourization of the blue colour indicates the presence or absence of protein A, respectively
{Ambedkar o al, 1987), The intensity of the blue colour is directly proportional to the protein A
concenirafion. Standard curve was drawn by ploiting protein A concentration on X-axis and B-Bo
plotted on Y-axis, where B and Bo are the absorbance values at 620 nm of tests and control wells
respectively. A straight line was obtained for 20-2000 ng/ml which was selected from the linear portion
of the each standard curve by linear regression analysis using the method of least squares (Howel et al.,
1963},
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RESULTS AND DISCUSSION :

Microtitre plate assay was carried ont using 6 replicates for different protein A concentration in
PBBS as described carlier. The correlation cocfficient (r*) and residual errors were calculated (Table 1)
for each of standard curve, A standard graph is drawn (Fig. 2}, which is suggestive of a good fit between
dependent and independent variables. The correlation coefficient values are indicated even for the largest
possible value of r* that could be observed if the relationship between the variables are correct and resulls
are highly correlated (Waugh, 1952).

Further, the penicillinase-based ELISA was studied to validate the reproducibility of quantitation
of protein A. The absorbance (B-Bo) values were determined for each of the protein A concentrations (in
PBBS) and coefficient of variation was calculated (Table 2) by conducting 6 replicates of a number of
protein A concentration. The values of coefficient of variation ascertain a good reproducibility, within
20-2000 ng/ml protein A concentration. Therchy suggesting penicillinase based ELISA is more sensitive
than peroxidase based ELISA (Considine et al., 1986).

It was also observed that in Trypticase soy broth, casein hydrolysate yeast ¢xtract and extracting
reagents did not interfere during quantitation of protein A. The values of protein A obtained from
different extracts after their dilution by 100 and 200 imes clearly indicate the accuracy, non interferences
by the reagents and reliability of penicillinase based ELISA method (Table 3).

Our findings are in agreement with the earlier report of Sjoquist et al., (1972) that the efficiency
of extraction of protein A from the cell of S, aurcus is higher with lysostaphin as compared to heat
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