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2H,0 4 7nSO, 7H,0 2 MnCl- 4H,0 0.1 KI 0.1
NH, (Mo,0,- 4H,0 0.1 CoCl,- 6H,0 0.1 H,BO,

0.1 NaCl 5
1.2
1.2.1 PDA
45 C 6~8d
200 r/min 500 mL
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500 mL. 100 2h
mL 45 84 h 3 CAT
2.2
1.2.2
2.2.1 T. aurantiacus WSH 03-01
1A 4 of/L
CAT 20 g/LL
+0.01 g pH 3
CAT < 10 u/mL
1A CAT
50 mL CA;};
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12 ¢/ CAT
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3 3
3 3
400 400
25°C
320t 1320
10 3 mL 0.1 mL = A -
E 240t 240 E
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2 160} 160 &
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80t 180
752 - 240 nm N S o
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H,0,
1 CAT
3 5. 1
b Fig.1 Effect of different carbon sources on CAT biosynthesis
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Ethanol/%(V/V ) 2.2.3 CAT
0 1 2 3 4 5 6 7
500 e 20 g/LL 1% VIV
CAT 10 ¢/LL
400 ~
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300
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= L
g 2.9 0.8
100 - 408 u/mL 882 u/mL 1594 u/mL
0 . . — ' CAT
0 5 10 15 20 25 30
Dextrin/(g/L) 23% CAT
5 CAT 62% 31% 5
Fig.2  Effect of the concentrations of ethanol = 300
or dextrin on CAT biosynthesis 2 250 |
o0
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extrin ano = E:/ 200 | {/%
O %
CAT PEAREN é
Z e ’
0 . 4 g/ L é *E‘ 100 F %
g |
3 £ 50 %
CAT 4 S %
10 ¢/I.  CAT 888 u/mL DCW CAT
600 5
500 L Fig.5 Comparison of DCW and CAT activity per cell
with single and co-carbon sources
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E/ 300 | Yads)
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100 |
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1 2 3 4 5 6 7 8
Nitrogen(0.03 mol/L) 80 mL
3 CAT 6 T. aurantiacus WSH 03-01
Fig.3  Comparison of CAT biosynthesis
with different nitrogen sources CAT
1 yeast extract 2 peptone 3 corn steep liquid 4 NH; ,S0, 80 ml. CAT 2325
5 NH,Cl 6 NH; ,HPO; 7 NaNO; 8 urea W/l CAT
1000 10
800t 18 2.3.2 H,0, CAT H,0,
g 600 . 16 g CAT
= 2 H,0,
< 400t 14 ¥
e o CAT H,0,
200 - 12 / H,0,
0 . L 0
0 5 10 15
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Fig.4 Effect of the concentration of peptone on CAT fermentation 0.4% 118 mmol/L H,0,
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O CAT @ DCW B CAT 4 Final pH 4 Initial pH
7 CAT 90 % 80°C T. au-
0.3% H,0, rantiacus WSH 03-01 CAT
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O CAT ® DCW T. aurantiacus
WSH 03-01 CAT
2.4 pH CAT
pH T. aurantiacus
WSH 03-01 1 CAT v
CAT 8 T. Table 1 Bleaching effluents conditions when
aurantiacus WSH 03-01  CAT pH using CAT before dye process *
7.0~7.6 Process Temperature pH Treatment time/min
T. aurantiacus WSH 03-01 A 60 ~ 100°C 9~11 10~ 30
pH B 60 ~70°C 9~10.5 10 ~ 60
2.5 3
CAT 1
T. aurantiacus WSH 03-01 CAT "
70°C 80°C 90C pH 9.0 10.0 )5
11.0 CAT '
mm
CAT 2.5 mm
T. aurantiacus WSH 03-01 CAT
9 70°C pH9.0 10.0 5 mm
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Fig.9  Comparison of CAT activities at high temperature and alkaline condition
A CAT from T. aurantiacus ) CAT from Aspergillus niger ~ ® CAT from bovine liver
Panel A-C 70 °C pH 9.0 pH 10.0 pH 11.0 Panel D-F 80 C pH 9.0 pH 10.0 pH 11.0
/mL H,0, 1% ~ 4%
H,0,
20 ¢/L. 1%
CAT 0.3% H,0, CAT 1.4 1.2
’ 1% 170 mmol/L
4¢L CAT 1A 0.3% H,0, 88 mmol/L.
T. aurantiacus WSH 03-01 CAT CAT
CAT
T. aurantiacus WSH 03- CAT
ol 1B 12 /L LAl T. aurantiacus WSH 03-01
CAT
CAT CAT
20 ¢/l 8.9 ¢/L. CAT
T. aurantiacus WSH 03-01
CAT 20 ¢/L. 1%
CAT
23% 5 CAT
CAT T. aurantiacus WSH 03-01
! 2 CAT
1 2 CAT 2 80°C
2 3
NADH
2 16
Table 2 Metabolic pathway of ethanol in living organisms '
Metabolism pathway Equations and key enzymes

1. NADPH oxidase—CAT

2. Hypoxanthine oxidase—CAT

3. Alcohol dehydrogenase

NADPH+H* + 0,

NADPHoxidase
NADP* + H,0,

CAT
H,0, + CH; CH, OH——>2, 0 + CH; CHO

hypoxanthine + H,0 + O,

hypoxanthine oxidase .
—————>oxanthine + H, 0,

CAT
H, 0, + CH3CH, OH —>2H, O + CH; CHO

ADH
CH;CH, OH + NAD* ——>CH; CHO + NADH + H*

ADH
CH3; CHO —> CH; COOH—>acetyl-CoA—Krebs cycle
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ization of a thermostable catalase from culture broth of Thermoascus

aurantiacus . J Ferment Bioeng 1998 85 2 169 — 173
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Thermo-alkali-stable Catalase from Thermoascus aurantiacus
and Its Potential Use in Textile Bleaching Process

FANG Fang' > 1IYin'? DU Guo-Cheng® ZHANG Juan' > CHEN Jian' **
Key Laboratory of Industrial Biotechnology — Ministry of Education — Southern Yangize University Wuxi 214036 China
% Environmental Biotechnology Laboratory ~ School of biotechnology — Southern Yangtze University Wuxi 214036 China

1

Abstract The effect of growth and fermentation conditions on the production of catalase by T'. aurantiacus WSH 03-01 was in-
vestigated in shaking flasks. Catalase activity reached 1594 u/mL when the culture was grown on a complex carbon source con-
taining 20 g/L dextrin and 1% V/V ethanol which was 23% higher than the sum produced on 20 g/L dextrin and 1% V/V

ethanol respectively. It was concluded that dextrin might act as a major carbon source in the complex while ethanol was rather
a stimulator than a carbon source. The stimulation effect of ethanol on catalase production was postulated to be two aspects cata-
lase-dependent alcohol metabolism is activated by acute alcohol thus more catalase need to be synthesized for that use named
direct induction. As for indirect induction which may result from little amount of H, O, generation in process of NADH regenera-
tion in respiratory chain. Peptone was shown to be a favorable nitrogen source for catalase production and its optimum concentra-
tion was found to be 10 g/L. Catalase production by T'. aurantiacus WSH 03-01 was further improved by optimizing the initial
pH volume of medium in flasks as well as the concentration of external H, O, . Under the optimum culture conditions the activi-
ty of catalase reached 2762 u/mL  which was nearly 6.8 times higher than that of the initiate conditions. Furthermore the poten-
tial application of this novel catalase in the treatment of textile bleaching effluents was evaluated. Thermo-and alkaline stability of
this catalase was compared with the commercial available catalases produced from bovine and Aspergillus niger . The crude en-
zyme from T. aurantiacus WSH 03-01 showed stronger stabilities at 70 °C 80 °C 90 °C and pH 9.0 pH 10.0 pH
11.0 than the other two types of catalases indicating a great application potential in the clean production process of textile in-

dustry.

Key words catalase Thermoascus aurantiacus complex carbon source hydrogen peroxide thermo-and alkaline stability
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Thiocyanate Elution Measurement of Relative Affinity
of Phage Antibodies
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Abstract Human antibodies generated by phage antibody technology have been widely used in the immunotherapy of
various diseases. Among the characteristics of these therapeutic antibodies affinity is one of the most important deter-
minants of their biological efficacy. The binding of an antibody and its corresponding antigen could be disrupted by
thiocyanate solution of different concentrations depend upon the affinity of the antibody. This mechanism has been
adopted to determine the relative affinity of monoclonal or polyclonal antibodies in routine immunological practice.
Correlation between the elution method and other techniques that measure the affinity such as equilibrium dialysis and
biospecific interaction analysis BIA has been established. Here we describe the applications of the thiocyanate elu-
tion method in the determination of the relative affinity index RAI of phage antibodies Phabs . Five clone antibod-
ies including 3 clones of anti-keratin antibodies AKl AK2 and AK3 and 2 clones of anti-HBsAg antibodies HB1
and HB2 were selected to express Phabs and Fabs and the RAI were determined by ELISA after thiocyanate elu-
tion. A HRP-conjugated anti-M13 was used as secondary antibody for Phabs and HRP-goat-anti-human Fab was used
for Fabs. The affinity ranks of the Phabs were compared with that of the Fab fragments. The results showed that all
the Phabs tested were tolerant to thiocyanate treatment. The relative affinity rank of 5 Phabs coincided well with that
of their corresponding Fabs. We conclude that the thiocyanate elution can be used as an easy and rapid method to

May 2004

measure and compare the relative affinity of Phabs.

Key words

The display of antibody molecules on the surface of
filamentous phage that encode the antibody genes and
the selection of phage with antigen binding activities by
panning offer a powerful way of antibody production. It
is one of the main techniques for human antibody prepara-
tion. Other strategies include humanization of mouse
monoclonal antibodies and transgenic mice ' . Human
antibodies generated by these methods have been widely
used in the immunotherapy of various diseases. Among
the characteristics of therapeutic antibodies affinity has
been shown in many instances to be an important determi-
nant of the biological efficacy of the antibodies. It is well-
known that many of the antibodies in a combinatorial li-
brary are likely to have a lower affinity though higher af-
finity antibodies can be obtained when very large libraries
are used > . Tt is therefore desirable to improve the affini-
ty in vitro by mimicking somatic hypermutation in wvivo

through antigen driven affinity maturation "™ . There is

Received 09-26-2003

thiocyanate elution phage antibody antibody affinity

a need for methods and procedures to evaluate the anti-
body affinity more easily and quickly so as to select high
Phabs

This provides a series of technical and experimental chal-

affinity phage antibodies more conveniently.
lenges.

Thiocyanate elution is a traditional method using elu-
tion ELISA for the determination of relative affinities of
antibodies "' "* . Correlation between the elution method
and other measuring techniques such as equilibrium dialy-

BIA has been

achieved ® . The mechanism of the elution method is that

sis and biospecific interaction analysis

the binding of an antibody with its corresponding antigen
could be disrupted by thiocyanate solution of different
concentrations depend upon the affinity of the antibody.
To our knowledge there has been no report of using thio-
cyanate elution method in phage antibody technology.
Here we describe the applications of thiocyanate elution to
measure the relative affinity index RAI of Phabs.

This work was supported by a grant from the National High Technology Research and Development Program of China 863 Program  No. 2001AA215361 .
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Abbreviations AMP  Ampicillin  Fab fragment of antigen binding HRP horseradish peroxidase pfu plaque-forming unit Phab phage displaying anti-

body PBS Phosphate-buffered saline RAI Relative affinity index
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1 Materials and Methods

1.1 Antibodies antigens and other reagents

Five Phab clones including 3 clones of anti-keratin
antibodies AK1 AK2 and AK3 " and 2 clones of anti-
HBsAg antibodies HBI and HB2 °
previously by our group. Phagemid vector p3MH was de-
rived from pCOMB3H by adding 9E10/c-myc epitope and
histidine tail to the 3" end of Fd. Human epidermal kera-
tin 5 mg/ml.  was extracted and purified from normal
Recombi-

nant HBsAg was purchased from National Vaccine and Se-

were developed

human epidermis as previously described ' .

rum  Institute Ammonium  thiocyanate

NH, SCN
Fab was purchased from Pierce. HRP-anti-M13 was pur-
chased from Pharmacia Biotech. The E. coli strain XL1-
Blue and helper phage VCSM13 were purchased from

Beijing
is a product of Sigma. HRP-goat-anti-human

Stratagene .
1.2 Preparation of phage antibodies

The XL1-Blue stocks harboring Phab expression vec-
tors were plated on standard LB agar plates supplemented
with 100 pg/mL ampicillin and incubated overnight at
37°C. Single colonies were inoculated into 1.5 mL LB
broth containing 0.1% glucose and 100 pg/mL ampicillin
and grown with shaking at 37°C until the Ay of 0.6 was
reached. One hundred microliters of the culture was
transferred into 10 ml. SB-AMP
containing 30g tryptone 20g yeast extract and 10g Mops

super broth medium

buffer per liter at pH 7.0 and 100 pg/ml ampicillin - and
shaken at 37°C for 1 hour. Then 30 pL of helper phage
VCSMI3 2 x 10" pfu/ml.  was added and the culture
was continued to shake at 30°C. overnight. Supernatants
containing Phabs of the 5 clones were tested for antigen
binding by ELISA. The titers of the Phabs were measured
and adjusted to 2 x 10" cfu/mL  stored at 4°C for future
use.
1.3 Preparation of soluble Fab fragments

Soluble Fab expression vectors were constructed by
removing gene 3 fragment from Phab vectors by Spe [/
Nhe | double digestion followed by self-ligation. XL1-
Blue cells containing Fab expression vectors were cultured
similarly to the preperation of phage antibodies and in-
duced to express Fabs by the addition of isopropyl B-D-
IPTG

1 mmol/L. The cultures were grown overnight at 30°C .

thiogalactopyranoside to a final concentration of
Supernatants containing soluble Fabs were harvested and
tested for antigen binding by ELISA. The concentrations
of the Fabs were measured by ELISA using purified hu-
man IgG as reference to plot the standard curve.

1.4 Effects of NH,SCN on phage ELISA

The 96-well microtiter plates Costar Cambridge

MA USA was coated at 4°Cwith 50 L. of VCSM13 1 x
10" overnight. After incubation with blocking buffer

3% BSA in PBS 50 pL of 0 ~ 6 mol/L. NH,SCN was

added and incubated at room temperature for 15 min. The
plates were washed 3 times with TPBS PBS containing
0.05% Tween20 and then incubated at 37 °C with
HRP-goat-anti-M13 for 1 h. Following another 3 washes
with TPBS 100 L. OPD  o-phenylenediamine  substrate
was added and color development was monitored at 490
nm.
1.5 Measurement of relative affinity

Relative affinity index RAI
ELISA with the inclusion of an extra step of thiocyanate

was measured by

elution in standard ELISA. Keratin or HBsAg antigen was
coated onto 96-well microtiter plates Costar by incubat-
ing 50 pL/well of 1 pg/mL dilutions in 50 mmol/L sodium
hydrogen carbonate pH 9.6 at 4°C overnight. The
plates were then washed 3 times with PBS blocked with
300 pl/well of 3% W/V  bovine serum albumin BSA

in PBS at 37°C for 1 hour. Anti-keratin or anti-HBsAg
Phabs or soluble Fabs 50 pl /well

duplicate into the corresponding antigen coated wells. Af-

were dispensed in

ter an 2 hour incubation at 37°C and the subsequent 3
washes with TPBS ~ammonium thiocyanate solution was
added to the appropriate wells 60 pL/well in duplicate
in concentrations ranging from O to 6 mol/L. The plates
were allowed to stand for 15 min at room temperature

followed by 3 washes in TPBS. Fifty microliters of peroxi-
dase-conjugated goat anti-M13 or anti-human Fab diluted
1 2000 in 1% BSA-PBS was added to each well and the
plates were incubated at 37°C for 1 hour. After the 3
washes 100 pL. OPD substrate was added to each well.
The reaction was stopped by adding 80 pl. of 20%
H,S0,. The absorbance of the solution at 490 nm was
measured using an automatic microtiter plate reader. The
RAIs of the tested antibodies were calculated according to
Macdonald et al .

2 Results

2.1 Effects of NH,;SCN on phage ELISA

In order to determine the relative affinity of phage
antibodies by elution ELISA we first tested if the incuba-
tion of NH,SCN with coated phage would influence the
ELISA signal detected by anti-M13 antibody. VCSM13
was coated on ELISA plate and different concentrations of
NH,SCN were used to treat the phage coated wells during
standard ELISA. The results showed that the treatment of
NH,SCN up to 6 mol/L. had no effect on the ELISA sig-
indicating NH,SCN did not affect the in-
tegrity of phage.
2.2 Measurement of relative affinity

The relative affinities of both Fabs and Phabs of 3

nals Fig.1
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Fig.1 Effects of 0 ~ 6 mol/L. NH;SCN treatment
on ELISA of phage

HBsAg clones HB1 and HB2 were investigated using
the thiocyanate elution ELISA. Fig.2 is the measurement
of the relative affinities of anti-keratin Phabs. Upon add-
ing increasing concentrations of NH,SCN the RAls of an-
ti-keratin Phabs dropped significantly. Fig. 3 shows the
curves produced for anti-keratin Fabs and a good corre-
lation with the results of the corresponding Phabs was
demonstrated. Fig.4 and Fig.5 show the curves produced
for anti-HBsAg Phabs and Fabs respectively. It could be
educed that the relative affinities of anti-HBsAg Phabs co-
incided very well with that of their corresponding Fabs.
The RAIs were calculated as the molar of NH,SCN
required to produce a 50% reduction of Ay . The results
from the test are summarized in Table 1. RAls of the Fabs
and Phabs can be ranked in the same order for both anti-
keratin AK3 > AK2 > AK1 and anti-HBsAg HB2 >
HB1  although their RAI values were different. These
results indicated that the relative affinity of phage antibod-
ies are readily detected by thiocyanate elution ELISA.
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Fig.2 Relative affinities of anti-keratin Phabs
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Fig.3  Relative affinities of anti-keratin Fabs
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Fig.4 Relative affinities of anti-HBsAg Phabs
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Fig.5 Relative affinities of anti-HBsAg Fabs
—e— HBl —e— HB2

Table 1 Relative affinity index of anti-keratin and anti-HBsAg
antibodies measured by thiocyanate elution

Antibody clones RAls for Fabs/ mol/L RAIs for Phabs/ mol/L

anti-keratin

AK1 0.48 +0.001 0.90 +0.008

AK2 1.35+0.002 1.98+£0.012

AK3 1.51+0.010 2.32+0.002
anti-HBsAg

HBI 2.56 +0.014 2.77 +0.086

HB2 5.01 £0.032 5.48 +0.038

3 Discussion

Phage display technology offers a powerful way of
making antibodies especially the therapeutic human anti-
bodies. The produced therapeutic antibodies are expected
to have high affinity. If the affinity level of the therapeu-
tic antibodies is not desirable there are ways of improving
it. Such strategies include improving the diversity and the

217-19

content of the library applying the mutant techn-

ique * ' or chain-shuffling” to achieve the in vitro af-
finity maturation or using various panning procedures to
selectively isolate the high affinity antibodies * * . In the
experiments of antibody affinity maturation a method that
can evaluate the antibody affinity easily and quickly is
needed to select the best ones from many isolated binders.
Up to date the obtained phage antibodies from panning
should be engineered into soluble Fabs to determine their
affinities. However that would be very time consuming.
What is more if the antibody molecule is scFv generally
it can not be measured by ELISA due to the lack of proper
enzyme-conjugated bridge antibody. To deal with such
problems we tried to establish a simple method for the
direct measurement and comparison of affinity levels of

Phabs.

© i ERutlen etywl i sreportedszan  ELISA  anethod using,



432 CHINESEJOURNAL OF BIOTECHNOLOGY

Vol 20

thiocyanate elution to determine relative avidities of anti-
rubella virus antibodies in sera from naturally infected and
immunized persons based on an index representing 50%
effective antibody binding. In a later communication from
the same laboratory disruption of antigen-antibody bind-
ing by thiocyanate as a means of determining relative af-
finities of conventional McAbs was examined in more de-
tails. When compared with the determination by equilibri-
um dialysis method a significant correlation was observed
between the affinity ranking orders obtained using the two
methods
elution technique > . The simple method has been widely

thereby demonstrating the applicability of the

used since to assess the affinity or avidity levels of both
monoclonal antibodies and polyclonal antibodies or anti-
serum in numerous investigations > > . McCloskey et
al © utilized the thiocyanate elution method and com-
pared with the most advanced biospecific interaction anal-
ysis BIA to analyze the affinity data of a panel of anti-
bodies. A good agreement between the two methods was
achieved by ranking the affinities in the same order fur-
ther suggesting that the simple elution ELISA is feasible
and reliable. We have once employed the thiocyanate elu-
tion for the detection of relative affinities of genetically
engineered Fabs and it proved to be a very useful te-

" but we are still uncertain whether this meth-

chnique
od can be used for the evaluation of relative affinities of
antibody fragments displayed on the phage surface. In the
present study we first proved that the ELISA reaction
against phage was not affected by NH,SCN treatment and
the thiocyanate elution method was used to detect the
RAIs of Phabs directly and compare their corresponding
Fabs. The results ranked the affinity order of the tested
Phabs as the same to the Fabs of both anti-keratin and an-
ti-HBsAg antibodies. The relative simplicity of the tech-
nique and the ease with which the solid phase elution as-
say can be performed make it suitable for screening large
numbers of Phabs isolated from phage antibody library
thus providing affinity data on a scale not previously pos-
sible.

To summarize we have shown a good correlation be-
tween relative affinities of Phabs and Fabs measured by
thiocyanate elution. It is the first report of a direct method
to detect and compare the relative affinities of Phabs and
will surely be useful in the phage antibody technology .
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