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Astract

Tag DNA polymerase is an enzyme essential in performing Polymerase Chain Reaction
(PCR) which has recently become a basic technology in research and diagnostic laboratories. In
order to reduce the cost of research work in Thailand, recombinant Tag DNA polymerase was
locally produced from pTaq cloned in E. coli. The enzyme was characterized and evaluated in com-
parison with the commercial Tag DNA polymerase produced by Perkin Elmer Cetus, U.S.A. The
yield of enzyme was 6.72 mg/ml and the activity of 9,524 units/mg protien with the total of 448,000
units/litre of the bacterial culture. The preparation was free of DNase based upon its ability to degrade
Lambda DNA evaluated by gel electrophoresis. Although the enzyme produced gave a high DNA
polymerase activity, the preparation was not as pure as the enzyme produced by Perkin Elmer
Cetus. Immunoblot analysis indicated that the enzyme preparation contained the products of
enzyme degradation obtained during preparation and bacterial protein contaminations. In spite
of the existence of bacterial proteins in the preparation, the Tag enzyme produced was proved to
be applicable in performing PCR such as the PCR-SSP (Sequence Specific Primers) typing for
HLA-DR. The cost of enzyme preparation was about 256 times less than that of the commercial
enzyme. Economically, the locally produced Tag DNA polymerase can be used efficiently in the
research laboratories performing PCR based typing of the HLA genes.

Thermus aquaticus DNA polymerase or  nostic laboratories(1,2). The enzyme was originally

Taq DNA polymerase is a heat stable enzyme used  extracted from thermophilic bacteria. The process
to amplify specific DNA sequences in vitro. It is  of production and purification was quite compli-
an essential enzyme in Polymerase Chain Reaction  cated using special equipment and skill(3). Recent
(PCR) which is widely used in research and diag-  advances in molecular technology make it possible
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to clone and highly express the Taq gene in other
fast growing bacteria such as E. coli(4:5). New
methods have been developed to make the prepara-
tion of enzyme quick and simple with high yield
and good quality of recombinant Tag enzyme(6,7).
Local production of Tag enzyme for research pur-
poses will reduce the cost, especially in the field of
molecular biology in Thailand.

In this report, we adopted the clone and
method used by F.G Pluthero(6) to produce the
recombinant Taq enzyme. The enzyme preparation
was evaluated for the yield, activity, purity and
stability as well as its application to PCR based
typings of the HLA genes.

MATERIAL AND METHOD
Preparation of recombinant 7aqg DNA polymerase
The pTagq clone(5), containing the Tag gene
under control of tac promoter kindly provided by J
Corbett (Corbett Research Laboratory, NSW, Aus-
tralia), was introduced into E. coli strain INV1oF
(Invitrogen Corp, CA, U.S.A.) using the standard
heat shock method(8). The recombinant Tag DNA
polymerase was produced according to the rapid
method of F.G. Pluthero(6). Briefly, one colony of
the transformant was regrown in 2 ml of LB
medium with 80 mg/l of ampicillin at 37°C for
overnight. To prepare one litre of bacterial culture,
500 pl of the overnight growth bacterial culture
was transferred to 1 litre of LB with 80 mg/l of
ampicillin and regrown at 37°C until Optical Den-
sity (OD) at 600 nm of the culture reached 0.8
which would take approximately 11 hours. The
bacteria was then induced for high expression of
the Tagq gene by isopropyl-1-thio-B-D-galactopyra-
noside (IPTG; Boehringer-Mannheim, Germany) at
a final concentration of 125 mg/l for 12 hours. The
bacterial pellet was then washed in 100 ml of pre-
lysis buffer (50 mM Tris-HCI pH 7.9, 50 mM
dextrose, | mM EDTA) and resuspended in 50 ml
of prelysis buffer with 4 mg/ml of lysozyme (Boeh-
ringer-Mannheim, Germany) for 15 minutes at
room temperature. To release the recombinant Tag
enzyme from the cells, the bacteria were lysed using
an equal volume of lysis buffer (10 mM Tris-HCI
pH 7.9, 50 mM KCl, 1 mM EDTA, 1 mM phenyl-
methylsulfonyl, 0.5% tween 20 and 0.5% nonidet-P
40) at 75°C for 1 hour. The bacterial debris was
separated by centrifugation at 15,000 rpm, 4°C for
10 minutes. The supernatant was transferred to a
new flask and 30 g of (NH4)»S04/100 ml of lysate
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was slowly added with stirring at room tempera-
ture. The protein precipitation was collected by cen-
trifugation at 15,000 rpm, 4°C for 10 minutes. The
protein pellet was then resuspended in 20 ml of pre-
lysis buffer and dialysed two times, 12 hours each
in storage buffer (50 mM Tris-HCl pH 7.9, 50
mM KC], 0.1 mM EDTA, | mM dithiothreitol, 0.5
mM phenylmethylsulfonyl and 50% gylcerol) at
4°C. The final enzyme preparation was tested for
purity using SDS-PAGE and immunoblot analysis
as well as separately stored in storage buffer at 4°C,
-20°C, -70°C and weekly tested for the enzyme
activity in PCR.

Determination of yield and purity of the enzyme
preparation

Total protein concentration of the enzyme
preparation was determined using the Lowry
method(9). The Tag enzyme produced was analysed
for purity compared to the commercial 7ag enzyme
(Perkin Elmer Cetus, U.S.A.) using sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) according to the Laemmli's method(10).
The protein preparation was separated through 5 per
cent and 12 per cent stacking and separating gels
under 60 and 150 volts, respectively. The protein
bands were revealed by staining with 0.1 per cent
of Coomassie brilliant blue R-250. Immunoblot
analysis was performed according to the standard
method(10) using mouse monoclonal antibody
against Taq (Clonetech, U.S.A.) and anti-mouse IgG
conjugated with alkaline phosphatase (Sigma,
U.S.A.) using B-naphthyl phosphate as well as O-
dianisidine as substrates (Sigma, U.S.A.). The pro-
tein bands revealed by the Coomassie blue and
alkaline phosphatase/substrate stainings were ana-
lysed quantitatively by densitometry (LDS-200,
Beckman, U.S.A)).

Determination of enzyme activity

The activity of the enzyme preparation was
determined by amplifying the PCR product of the
PERBI11.1 gene. The product is approximately 600
bp covering exon 2, intron 2 and part of exon 3
flanked by the JA3 and JB3 primers(11), The DNA
template used for PCR testing was a plasmid clone,
p7J-9-3, carrying PERB11.1 derived from the 7.1
ancestral haplotype(11). The PCR procedure for
amplification of this gene was described pre-
viously(1D),

To determine the activity of enzyme, the
locally produced Taqg DNA polymerase was titrated
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against the Tag enzyme from Perkin Elmer Cetus,
U.S.A. Two-folded dilutions of Taq from the two
sources were used in the PCR reactions. The inten-
sities of PCR products were compared from dif-
ferent dilutions of the two sources revealed by
agarose gel electrophoresis. Accordingly, the acti-
vity of the locally produced Taq enzyme was
roughly calculated.

Determination of DNase contamination

The locally produced Taq enzyme was
incubated with 2.4 pg of lambda DNA (Gibco,
U.S.A)) in a 50 pl reaction at 37°C overnight. Posi-
tive controls consisted of lambda DNA and DNase
(Boehringer Mannheim, Germany) at 1, 0.1, 0.01,
0.001 and 0.0001 pg. The contamination of DNase
activity in the preparation was evaluated by the
degree of integrity of the lambda DNA by 0.8 per
cent agarose gel electrophoresis.

Determination of enzyme stability

The enzyme preparations kept at 4°C,
-20°C and -70°C were tested weekly for 13 weeks
to determine the stability of the enzyme produced.
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Dilutions of each aliqout of enzyme preparations
were used in PCR reactions as described above.
The PCR products obtained from different dilu-
tions of each aliqout were blindly scored according
to their intensities by two readers using the criteria
as follows: 0 = no PCR product, 1 = probably nega-
tive; positive cannot be excluded, 2 = weakly posi-
tive, 3-10 = positive 1+ to 8+. This semi-quantitative
detection system was adopted from Abraham et al
(12), The average scores were presented in this
report. F-test (ANOVA) and pair r-test were used
to evaluate the differences of enzyme activities
amongst the preparations kept at three different
temperatures.

Feasibility of the recombinant Tag DNA poly-
merase in HLA typings

The locally produced enzyme was used to
perform the HLA-DR, HLA-DQ, HLA-A, HLA-B
and HLA-C typings using PCR-SSP for HLA class
11(13,14) and ARMS-PCR (Amplification Refrac-
tory Mutation System) for HLA class I (12th Inter-
national Histocompatibility Workshop).

The activity of locally produced Tag DNA polymerase is approximately 64 units/ul. The enzyme

preparation was titrated against the Perkin Elmer's Tag DNA polymerase. The PCR product is a
600 bp genomic fragment carrying part of the PERB11.1 gene. M = 1 kb lambda ladder. Lanes 1-5
are dilutions of the commercial Tag equivalent to 1, 0.5, 0.25, 0.125 and 0.0625 units added to the
PCR reactions. Lanes 6-12 are dilutions of our enzyme preparation added to the reactions as
follows : undiluted, 1:2, 1:4. 1:8, 1:16, 1:32 and 1:64, respectively. It can be seen that the 1:64 dilution
of the enzyme preparation produced the PCR band with an intensity equivalent to that of 1 unit of
the commercial Tag DNA polymerase. Consequently, the activity of the locally produced enzyme

is approximately 64 units/pl.
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RESULTS
Production of recombinant Tag DNA polymerase
A total of 7 ml of the recombinant Tag
DNA polymerase was obtained from one litre of
the bacterial culture. The protein concentration of
the enzyme preparation was 6.72 mg/ml. Thus, the
total protein isolated from the preparation was
47.04 mg. As shown in Fig. 1, the 1:64 dilution of
the locally produced enzyme had the activity equi-
valent to 1 unit of the commercial Taq enzyme. This
is indicated by the same intensity of the generated
PCR product. Accordingly, the enzyme preparation
possesses 64 units/ul. Totally, the activity of the
enzyme preparation is 448,000 units with 9,524
units/mg protein.

Fig. 2.
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Evaluation of the recombinant Taqg DNA poly-
merase

To determine the purity of the locally pro-
duced Tag DNA polymerase, the enzyme prepara-
tion was analysed by SDS-PAGE compared to the
Taq enzyme from Perkin Elmer Cetus. Only one
major band of 97 kD was found in the commercial
Taq (Fig. 2a). In contrast, multiple protein species
were found in our enzyme preparations kept for
13 weeks at 4°C, -20°C and -70°C. The 97 kD pro-
tein represented an intact Tag DNA polymerase
which was the major protein component found in
the enzyme preparations kept at -20°C and -70°C
but not at 4°C. Interestingly, the enzyme kept at
4°C revealed an additional protein band of 69 kD
absent from those kept at -20°C and -70°C (Fig. 2a).

45
32.6
18

The locally produced enzyme preparation contains multiple protein species including the Tag degra-

dation products. The enzyme preparation was analysed for purity using SDS-PAGE (a) and
immunoblot with monoclonal anti-Taq (b). Lane 1 represents the commercial Tag polymerase.
Lanes 2-4 represent the locally produced Tagq kept at 4°C, -20°C and -70°C, respectively, for 13
weeks. M = size standard markers. It can be seen that only a protein band of 97 kD is found in Perkin
Elmer's Tag but mulitple protein species are revealed in the locally produced enzyme. Interes-
tingly, an additional protein band of 69 kD is present (arrow pointed) with less intensed 97 kD band
in the enzyme preparation kept at 4°C. It is anticipated that the 69 kD protein is a degradation
product of the Tag 97 kD. Surprisingly, this protein component is not reactive to the monoclonal
Taq antibody. Immunoblot analysis shown in (b) indicates that at least three protein components,
97, 59 and 41 kD, are strongly reactive to the Tag antibody.
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Fig. 3. The enzyme preparation is free of DNase contamination. The enzyme preparation was tested for
DNase contamination by incubating the praparation with lambda DNA. The mixtures were tested
for DNA degradation by electrophoresis through 0.8% agarose gel. M = 1 kb lambda markers.
Lanes 1-3, 10 and 4 are lambda DNA and DNase mixtures at 1. 0.1, 0.01, 0.001 and 0.0001 pg., res-
pectively. Lanes 5-9 are the mixtures of lambda DNA and our enzyme preparation at undilution,
1:2, 1:4, 1:8 and 1:16 dilutions, respectively. At a high concentration of DNase, the lambda
DNA is completely degraded (lanes 1-3). The smearing of DNA appears at 0.001 and 0.0001 pg of
Dnase (lanes 10 and 4). Apparently, there is no DNA degradation detected in the mixtures of lambda
DNA and our enzyme preparation.

Table 1. The highest activity per mg protein was obtained from the intact Tag enzyme.

Enzyme % curve area Units/mg protein % curve area of Units/mg protein

of 97 kD of 97 kD immunoblot positive bands of immunoblot positive

Perkin Elmer Cetus 46.4 5986.6 46.4 5986.6

Locally produced 4°C 8.9 6689.0 58.4 1019.4

Locally produced -20°C 20.6 11560.7 62.7 3797.8

Locally produced -70°C 211 22567.0 66.8 7128.5

Immunoblot analysis was performed to
determine which protein species were reactive to
monoclonal anti-Taq antibody (Clonetech, U.S.A.).
It can be seen in Fig. 2b that three protein bands,
97, 59 and 41 kD, were reactive. Surprisingly, the
69 kD found in the enzyme kept at 4°C was not
reactive to the anti-Taq. The enzyme activities
according to SDS-PAGE and immunoblot analysis
are shown in Table 1. It is clear that the enzyme
activity kept at -70°C has the highest enzyme acti-
vity/mg protein especially when the calculation is
based upon the quantity of intact enzyme (97 kD).

The enzyme preparation was examined for
DNase contamination by incubating the enzyme
preparation with lambda DNA at 37°C overnight.
It is clear that the recombinant Taq preparation is
free of DNase (Fig. 3) based upon its capability of
DNA degradation examined by agarose gel elec-
trophoresis.

Stability of the recombinant Tag DNA poly-
merase

The activities of three aliqouts of the
enzyme preparation kept at 4°C, -20°C and -70°C



S134 C. LEELAYUWAT et al.

J Med Assoc Thai  September 1997

Table 2. The stability of the locally produced Tag DNA polymerase kept at three different temperatures.

Score of PCR products amplified by the recombinant Taq DNA polymerase kept at

week 4°C

20 °C 70 °C

undilute 1:2 1:4 1:8 116 1:32 1:64] total

undilute 1:2 14 1:8 1:16 1:321:64

total lundilute 1:2 1:4 1.8 116 1:32 1:64( total

1 10 9 8 7 71 6 5|52 10 9 10
49 10 10 9
b} 10 9 8 7 6 5 449 10 10 9
4 NT NT NT NT NT NT| NT
5 10 8 7 6 5 5 4| 45 10 10 9
8

10 8 7 6 4 3 0| 88 10 10 8

9 8 7 5| 58 10 10 9 8 8 8 7 80
8 8 6 S5 56 10 10 9 8 8 8 7 60
8 7 6 5| 65 10 10 9 8 8 6 5 56
NT NT NT NT NT NT NT| NT
8 7 6 5| 55 10 10 9 8 8 6 4 55

7 6 5 5| 81 10 10 9 8 7 6 3 53

7 NT NT NT NT NT NT NT|NT| NT NT NT NT NT NT NT| NT NT NT NT NT NT NT NT| NT

8 10 8 7 5 5 3 0] s8 10 10 8 8 7 6 5| b4 10 100 9 8 7 6 5 55

9 9 7 6 4 0 0 0| 28 10 10 8 7 6 5 4150 10 9 8 8 6 5 4 50

10 8 5 4 3 0 0 020 10 9 6 5 4 3 2| 89 10 9 8 6 4 2 2 41

11 8 6 5 4 3 0 0] 26 10 10 7 6 5 0 0] 88 10 0o 9 9 8 7 3 56

12 6 5 4 0 0 0 0115 10 8 6 5 3 0 0] s2 10 9 8 7 4 3 2 43

13 6 5 3 0 0 0 014 10 8 7 6 6 0 0] 87 10 109 8 7 S5 0 49

total 872 525 578
0 = no PCR product 2 = Weekly positive PCR product 8-10 = PCR product positive 1+ to 8+
NT = not tested

were determined weekly for 13 weeks. The result
is presented in Table 2. The total scores of the
enzyme activities were markedly decreased after
the eighth week with rapid decline for the enzyme
kept at 4°C. The activities were significantly
decreased when compared between the enzyme pre-
parations kept at 4°C vs -20°C and 4°C vs -70°C
(p<0.05) but not between -20°C and -70°C. How-
ever, there was a significant decrease when vertical
comparison was made between the first vs
thirteenth weeks for each aliqout of enzyme. The
activities were 8 times, 4 times and 2 times less in
the thirteenth week than those of the first week for
the enzyme kept at 4°C, -20°C and -70°C, respec-
tively.

HLA typings using the recombinant Tag DNA
polymerase

The locally produced Tag DNA poly-
merase were used in PCR-SSP typings for the

HLA-DR/DQ genes and ARMS-PCR typings for
the HLA-A/B/C genes. The enzyme preparation was
feasible to perform the HLA typings of the genes
as mentioned. Examples of the PCR-SSP typing for
HLA-DR are shown in Fig. 4.

DISCUSSION

We have successfully expressed and pro-
duced Tag DNA polymerase from the pTag clone
which was introduced into E. coli(5). We adopted
the simple isolation step(6) without utilization of
any chromatographic purification. The yield of
enzyme is high with 9,524 units/mg protein and
even higher (up to 22,567 units/mg protein) when
the activity is calculated based upon the amount of
intact enzyme contained in the preparation. In pre-
vious reports, the activity per mg protein of Tag
enzyme was varied depending on the methods of
preparation ranging from 2,000-300,000 units/mg
protein(5-7).
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The locally produced Tag DNA polymerase can be used successfully in the PCR-SSP typing of

HLA-DR. Lanes 1-20 and 21-40 represent two samples of HLA-DR typing using 20 pairs of primers.
The larger band in each lane is an internal control representing a genomic fragment amplified
from the human growth hormone gene. The lower bands in lanes 4, 5, 6 and 19 in the first sample are
specific. PCR products of HLA-DRB1*1601/2/3 (lane 4), 03011/03012 (lanes 5 and 6) and HLA-DRB3
(lane 19) which is associated with HLA-DR3. Accordingly, this individual carries HLA-DRB1*
1601/2/3 and HLA-DRB1*03011/03012. Typing of the second sample reveals specific PCR products
of HLA-DRB1*1501/2/3 (lane 23), 0701/2 (lane 35) and HLA-DRB4 (lane 40) which is associated
with HLA-DR7. Thus, this individual carries HLA-DRB1*1501/2/3 and HLA-DRB1*0701/2.

Our enzyme preparation is free of DNase
as evaluated by its ability to degrade DNA
examined by gel electrophoresis. Although the eva-
luation method is insensitive, it is applicable and
suitable for our purpose. We attempt to use this Taq
enzyme for amplification of small target sequences
(< 1 kb) and detect the presence or absence of pro-
ducts. We have not tested whether the enzyme pre-
paration would be suitable for amplification of a
large genomic sequence, direct sequencing or
cloning of PCR products.

In spite of high activity and DNase free,
the enzyme preparation was not homogeneous. It
contained multiple protein species in addition to
the 97 kD intact enzyme. The preparation method
included a heating step at 75°C during isolation of
Taq. In theory, other bacterial proteins should be
denatured and would be removed from the prepara-
tion(7). However, when we probed these protein
species contained in the preparation with monoclo-
nal antibody against Tagq, only three protein com-
ponents were reactive to the antibody suggesting
that they are the proteolytic products of Tagq. It is

possible that the immunoblot negative protein
species are also the products of Taq degradations
which have lost the epitope reactive to the mono-
clonal antibody. Indeed, this was the case for the
Taq enzyme kept at 4°C for 13 weeks. The percen-
tage of 97 kD intact enzyme was much less in this
aligout than those of the enzyme kept at -20°C and
-70°C, with an additional protein band of 69 kD.
Apparently, this is a truncated form of Tag which
lacks the epitope and may also have lost the acti-
vity. Alternatively, the additional proteins contained
in the preparation are bacterial protein contamina-
tions. These two views are not mutually exclusive.

It is quite clear that the activity of enzyme
preparation kept at 4°C declined quicker than
those kept at -20°C and -70°C especially after the
eighth week. Significant loss of the enzyme acti-
vity was also found after the 13th week even
though the enzyme was kept at -70°C.

We have proved that our enzyme prepa-
ration could be used successfully for HLA typings
using PCR-SSP and ARMS-PCR for class II and



S136 C. LEELAYUWAT et al.

class I, respectively. The total cost of enzyme pre-
paration was about 14,000 baht excluding the cost
of labour and equipment. Considering the cost of
commercial Tag which is approximately 8 baht per
unit, the cost of our enzyme preparation is 256
times less than that of the commercial enzyme.

In conclusion, we have locally produced
recombinant Tag DNA polymerase which can be
used economically and efficiently in research labo-
ratories.

ACKNOWLEDGEMENTS
The authors wish to thank Assistant Pro-
fessor Ganjana Lertmemongkolchai, Department of

J Med Assoc Thai  September 1997

Clinical Immunology, Faculty oi Associated Medi-
cal Sciences, and Associate Professor Dr Sopit
Wongkum, Department of Biochemistry, Faculty of
Medicine, Khon Kaen University for their advice
and the use of equipments. We are appreciative in
the support and technical advice of David
Townend, Brian Brestovac and Professor Roger
Dawkins from the Departments of Clinical Immuno-
logy, Royal Perth Hospital and Sir Charles Gairdner
Hospital and the Centre for Molecular Immuno-
logy and Instrumentation (CMII), The university
of Western Australia. This work was supported by
CKICC, Faculty of Associated Medical Sciences,
Faculty of Medicine and Khon Kaen University.

(Received for publication on June 24, 1997)

REFERENCES

1. Saiki RK, Scharf SJ, Faloona F, et al. Enzymatic
amplification of beta-globin sequences and res-
triction site analysis for diagnosis of sickle cell
anemia. Science 1985; 230: 1350-4.

2. Mullis K, Faloona F. Specific synthesis of DNA
in vitro via a polymerase catalyed chain reaction.
Meth Enzymmol 1987; 55: 335-50.

3. Chien A, Edgar DB, Trela JM. Deoxyribonucleic
acid polymerase from the extreme thermophile
Thermus aquaticus. J Bacteriol 1976; 127: 1550-7.

4. Lawyer FC, Stoffel S, Saiki RK, Myambo K,
Drummond R, Gelfand DH. Isolation, characteri-
zation and expression in Escherichia coli of the
DNA polymerase gene from Thermus aquaticus.
J Biol Chem 1989; 264: 6427-37.

5. Engelke DR, Krikos A, Bruck ME, et al. Purifi-
cation of Thermus aquaticus DNA Polymerase
Expressed in Escherichia coli. Clin Biochem
1990; 1991: 396-400.

6. Pluthero FG. Rapid purification of high - activity
Taq DNA Polymerase. Nucleic Acid Res 1993;
21: 4850-1.

T Desai UJ, Pfaffle PK. Single-Step Purification of
a Thermostable DNA Polymerase Expressed in
Escherichia coli. BioTechniques 1995; 19: 780-4.

8. Sambrook J, Fritsch EF, Maniatis T. Molecular

cloning A laboratory manual. New York, Cold-
spring Harbor laboratory Press. 1989: 1.74-1.84.

9. Kachmar JF, Grant GH. Proteins and amino acids.
In : Tietz NW, ed. Fundamentals of Clinical
Chemistry. 2nd Edition. New York, WB. Saunders
Company, 1982: 264-376.

10. Sambrook J, Fritsch EF, Maniatis T. Molecular
cloning A laboratory manual. New York, Coldspring
Harbor Laboratory Press. 1989: 18.60-18.75.

11. Leelayuwat C, Townend DC, Degli-Esposti MA,
et al. A new polymorphic and multicopy MHC
gene family related to nonmammalian class I.
Immunogenetics 1994; 40: 339-51.

12. Abraham LJ, Leelayuwat C, Grimsley G, et al.
Sequence differences between HLA-B and TNF
distinguish different MHC ancestral haplotypes.
Tissue Antigens 1992; 39: 117-21.

13, Olerup O, Aldener A, Fogdell A. HLA-DQB1 and
HLA-DQAI typing by PCR amplification with
sequence-specific primers (PCR-SSP) in 2 hours.
Tissue Antigens 1993; 41: 119-34.

14, Olerup O, Zetterquist H. HLA-DR typing by PCR
amplification with sequence-specific primers
(PCR-SSP) in 2 hours : An alternative to serology
DR typing in clinical practice including donor-
recipient matching in cadavaric transplantation.
Tissue Antigens 1992; 39: 225-35.




Vol. 80 Suppl. 1 PROCUCTION AND EVALUATION OF TAQ DNA POLYMERASE S137

mskaauazaTINEDUANENURYaNBUln una Abuen Iwdnause

wying Aangiand Ph.D . B Asgurtt seunnasel wwsenar,
winmw  Awlwyag] PRD.™*** D33y TNWONY. AT,
DNTINY  SNWONE, 1NN AR

Thermus aquaticus DNA polymerase (Tag DNA polymerase) tHuaulmimiensandulumsld
R Mfue  Tulifsenanleindweiss  (Polymerase chain  reaction) Lwii]az@ﬂumu”quﬁﬁs?qﬁﬂmqu
vinTumsasdunulunsd@neissnunmeiuiluana Sddnanaulodain Clone prag Tagluuuaiiie
E. coli uazpyaspuguanuauoulmiindald Wisuiguiueuladainuisn Perkin Bimer Cetus Twi3an
YDIANHANAT  ATTHENITA UM I AAGeN myvudiawsenaulnifbues LLa:mwu‘%z{wémmLauMﬁ
Togwuihusnalusiu  uazanumnsnlumainonuesuaulsifndeld Sdwintu 6720 Talasnindofiadans
war 9524 gleseiadniulusiu TasldUhnmpulmMnun 448000 giie anmawisdswuaide 1 ans
wulmifudsldliimnuiowisulniidues  fuwdaulniedaldcammianuiisonldiuddianm
vignbavnFeudsuieulmiannuisy  dosniimssudiousaslusfiunnuuaiide  wazlusiiuainms
ssfmvpuaulmilussvivmawion  pgwlsimudiaiuoulmPudaldnldlunmisrnanssdasaduemoas
wuldnad idosnenldelunsuaneulnidasdpenhmstanulsiuasnnielsanadssnn 256 wh
sunsifioulmiindaldazansosndadldnelumanissddndoaulod  une Tndwoua
Tudszinalna

* mednndanAuIneedin, ansmalanisuwng,
= gudanunnfianivaniuditulalo-taeg, ausmalamsuwne,
= dndnetuli @ easnadanisumne
e maleiedin, ansmadansunng,
s RURDANANY, ALTUWNEAERT NMINENABYBULAY, VDULAY 40002




