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As tract 
Taq 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 Taq DNA polymerase was 
locally produced from pTaq cloned in E. coli. The enzyme was characterized and evaluated in com­
parison with the commercial Taq 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 Taq 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 Taq DNA polymerase can be used efficiently in the 
research laboratories performing PCR based typing of the HLA genes. 

Thermus aquaticus DNA polymerase or 
Taq DNA polymerase is a heat stable enzyme used 
to amplify specific DNA sequences in vitro. It is 
an essential enzyme in Polymerase Chain Reaction 
(PCR) which is widely used in research and diag-

nostic laboratories0,2). The enzyme was originally 
extracted from thermophilic bacteria. The process 
of production and purification was quite compli­
cated using special equipment and ski11(3). Recent 
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 Taq enzyme(6,7). 
Local production of Taq 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 Taq DNA polymerase 

The pTaq clone(5), containing the Taq gene 
under control of tac promoter kindly provided by J 
Corbett (Corbett Research Laboratory, NSW, Aus­
tralia), was introduced into E. coli strain INV 1 aF' 
(Invitrogen Corp, CA, U.S.A.) using the standard 
heat shock method(8). The recombinant Taq 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/1 of ampicillin at 37°C for 
overnight. To prepare one litre of bacterial culture, 
500 111 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 Taq 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 1 00 ml of pre­
lysis buffer (50 mM Tris-HCl pH 7.9, 50 mM 
dextrose, 1 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 Taq 
enzyme from the cells, the bacteria were lysed using 
an equal volume of lysis buffer (10 mM Tris-HCl 
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)2S04/100 ml of lysate 
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was slowly added with stmmg 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-HCI pH 7.9, 50 
mM KCI , 0.1 mM EDTA, 1 mM dithiothreitol, 0.5 
mM phenylmethylsulfonyl and 50% gylcerol ) at 
4°C. The final enzyme preparation was tested for 
purity using SDS-P AGE 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 Taq enzyme produced was analysed 
for purity compared to the commercial Taq 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 
methodCl0) using mouse monoclonal antibody 
against Taq (Clonetech, U.S.A.) and anti-mouse IgG 
conjugated with alkaline phosphatase (Sigma, 
U.S.A.) using 13-naphthyl phosphate as well as 0-
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 
PERB 11 .1 gene. The product is approximately 600 
bp covering exon 2, intron 2 and part of exon 3 
flanked by the JA3 and JB3 primersOl). The DNA 
template used for PCR testing was a plasmid clone, 
p7J-9-3, carrying PERB 11.1 derived from the 7 .I 
ancestral haplotype(ll). The PCR procedure for 
amplification of this gene was described pre­
viouslyOl). 

To determine the activity of enzyme, the 
locally produced Taq DNA polymerase was titrated 
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against the Taq 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 f.lg of lambda DNA (Gibco, 
U.S.A.) in a 50 f.ll reaction at 3rC overnight. Posi­
tive controls consisted of lambda DNA and DNase 
(Boehringer Mannheim, Germany) at 1, 0.1, 0.01, 
0.001 and 0.0001 f.lg. 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 (ANOV A) and pair t-test were used 
to evaluate the differences of enzyme activities 
amongst the preparations kept at three different 
temperatures. 

Feasibility of the recombinant Taq 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 
n(l3,14) and ARMS-PCR (Amplification Refrac­
tory Mutation System) for HLA class I (12th Inter­
national Histocompatibility Workshop). 

6 12 

Fig. 1. The activity of locally produced Taq DNA polymerase is approximately 64 units/Jil. The enzyme 
preparation was titrated against the Perkin Elmer's Taq 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 Taq 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 Taq DNA polymerase. Consequently, the activity or the locally produced enzyme 
is approximately 64 units/Jil. 
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RESULTS 
Production of recombinant Taq DNA polymerase 

A total of 7 ml of the recombinant Taq 
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/f.d. Totally, the activity of the 
enzyme preparation is 448,000 units with 9,524 
units/mg protein. 

a 
1 2 3 4 
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Evaluation of the recombinant Taq DNA poly­
merase 

To determine the purity of the locally pro­
duced Taq 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 Taq 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). 

b 
4 3 2 1 M kD 
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83 

45 
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18 

Fig. 2. The locally produced enzyme preparation contains multiple protein species including the Taq 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 Taq polymerase. 
Lanes 2-4 represent the locally produced Taq 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 Taq 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 Taq 91 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 Taq 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 IJg., 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 IJg 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 Taq enzyme. 

Enzyme %curve area Units/mg protein % curve area of Units/mg protein 
of97kD of97 kD 

Perkin Elmer Cetus 46.4 5986.6 
Locally produced 4°C 8.9 6689.0 
Locally produced -20°C 20.6 11560.7 
Locally produced -70°C 21.1 22567.0 

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 tpat 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). 

immunoblot positive bands of immunoblot positive 

46.4 5986.6 
58.4 1019.4 
62 .7 3797.8 
66.8 7128.5 

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 Taq DNA poly­
merase 

The activities of three aliqouts of the 
enzyme preparation kept at 4 oc, -20°C and -70°C 
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Table 2. The stability of the locally produced Taq 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 .1o ·c 

undilute 1:2 1:4 1:8 1:16 1:32 1:64 total undilute 1:2 1:4 1:8 1:16 1:32 1:64 total undilute 1:2 1:4 1:8 1:16 1:32 1:64 total 

1 10 9 8 7 7 6 5 52 10 9 10 9 8 7 5 58 10 10 9 8 8 8 7 60 

2 10 9 7 6 6 6 5 49 10 10 9 8 8 6 5 56 10 10 9 8 8 8 7 60 

s 10 9 8 7 6 5 4 49 10 10 9 8 7 6 5 55 10 10 9 8 8 6 5 66 

4 NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT 

5 10 8 7 6 5 5 4 45 10 10 9 8 7 6 5 55 10 10 9 8 8 6 4 55 

6 10 8 7 6 4 3 0 38 10 10 8 7 6 5 5 51 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 38 10 10 8 8 7 6 5 54 10 10 9 8 7 6 5 55 

9 9 7 6 4 0 0 0 26 10 10 8 7 6 s 4 50 10 9 8 8 6 5 4 50 

10 8 s 4 3 0 0 0 20 10 9 6 5 4 3 2 39 10 9 8 6 4 2 2 41 

11 8 6 5 4 3 0 0 26 10 10 7 6 5 0 0 38 10 10 9 9 8 7 3 56 

12 6 s 4 0 0 0 0 15 10 8 6 5 3 0 0 32 10 9 8 7 4 3 2 43 

13 6 5 3 0 0 0 0 14 10 8 7 6 6 0 0 87 10 10 9 8 7 5 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 Taq DNA 
polymerase 

The locally produced Taq 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 Taq DNA polymerase from the pTaq 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 Taq 
enzyme was varied depending on the methods of 
preparation ranging from 2,000-300,000 units/mg 
protein( 5-7). 
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Fig. 4. The locally produced Taq 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*160112/3 (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 * 
160112/3 and HLA-DRB1 *03011/03012. Typing of the second sample reveals specific PCR products 
of HLA-DRB1 *1501/2/3 (lane 23), 070112 (lane 35) and HLA-DRB4 (lane 40) which is associated 
with HLA-DR7. Thus, this individual carries HLA-DRB1*150112/3 and HLA-DRB1*070112. 

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 protei!). 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(?). However, when we probed these protein 
species contained in the preparation with monoclo­
nal antibody against Taq, only three protein com­
ponents were reactive to the antibody suggesting 
that they are the proteolytic products of Taq. 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 
aliqout 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 Taq 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 
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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 Taq 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 Taq DNA polymerase which can be 
used economically and efficiently in research labo­
ratories. 
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Thermus aquaticus DNA polymerase (Taq DNA polymerase) dJ'Wm'W1'lll-fi1:i1Rll~<ndJ'U1'UnT1H 

L vl~~l'Ul'U ~LB'ULLI 1"Ul.Jijii1m~n t'lflw~L~t:JL'li'l' (Polymerase chain reaction) LLliiU"l~U'ULtl'U 1'lll-f'if~~:i1'llRlLLYN 
L vim U'Ufll'll'li11(;\''Wl'J'W1 'Ufll'lAmni~rNl'WYn~(;\'l'U'lllT~Ll'lfJl'l ~~ hli:-~~i11Ltl'W 1'lll-f"llfl Clone p Taq 'lt~t:~~1'WLL uRYiL'5t~ 
E coli LLl'l:::\1l'll"li'l'tlUf)nJi'l'~u1i'lltJ~Ltl'U hl-f'Y1i:-~~\il M LU'5t~UL YimJrlULtl'U 1'lll-f"llnu1H''Yl Perkin Elmer Cetus 1'UL~tl~ 
'lltl~Rlll-IR~iill Rll~mm1n1 'UflTlYllUijii1t~l fll'lU'UL rJt:~'U'lltl~Ltl'U 1'lll-f~LB'ULtli'l' LL1'l:::Rll~u1q'Ylfl'llt:J~Ltl'U 1'lll-f 

Ti11vwu-:hu1~lruT U'l~'U LL1'l:::Rlll-li'l'l~l'ln1 'UflTiYll~l'W'lltJ~m'U 1-lr.f'Y1i:-~~lil1tii' :i1filL Yhnu 6,720 1~ TR'ln1~liit:J~ "~~\il'l 

LLI'l::: 9,524 ~j'Wlilliit:J~a~nf~hl'l&i'U Ti11FJ1tii'u1l-llllJLtJ'W1'lll-l'J~'Vt~i11 448,000 ~-Q\il "llflfll'lLWl:::L~FJ~LLURYiL"'it~ 1 ~\il'l 
Lt:J'W 1rzr.JY1 i:-~~!il1i111~:i1m'll.J'WL flt:~'W'llt:J~Lt:J'W 1<lfl-f~L5wt:~i'l' ii~ LLlfLt:~'W 1 'lll-fi1i:-~ ~\il hl"l:::i'l'lmmvnuijii1t~l M&iLLlii ~~:i1Rll~ 
u1q'Y1B~T'rnm u1t~UL Yit~UrlULtl'U 1 'lfl-f"llflU1H'Yl L ,jtl~"lln:i1m'lU'UL flt:J'W'lltl~ 1 U'l&i'U"llflLL URYlL "it~ Lbl'l::: t U'l&i'U"llflfll'l 

i'l'l'll t~iill'lltl~Ltl'U hl-11 'U".i:::Ydl~fll".iLlil1FJl-l tlVl~ 1 'lrl\ill~L~tl'\Jlbtl'U 1 'l!l-fi1!:-J~\il M~l H1 'Ufll1\il".il"l'Yilfll'l~<l'lltl~~'ULtl'lfLliJ1'lbtl 

WUll 1\ili:-.~l'l&i L ,jtl~"llflAl H~ltl 1 'Wfll".ii:-.1~\ilLLJ'U 1'l!l-f.if"l:::Ut:Jt~nllfll".i~mt:J'U 1'lfl-l'~i:-~~\il"llnliil~U'l:::L 'YlAU'l:::mru 256 L Yh 

iil~J'Um'lH'LtJ'W 1'lfl-fi1 i:-l~lil111i'"l:::t'l'll-ll".illU'l:::Y1~i11fil H~lt~1 'Wm'lYil'i~v'lt~(;)tJ~ml'lt~ Lt:J'W 1'lfl-f 

1'Wu'l:::L'Y1A1'Ylt~ 

• mfl'i'!il1J~I'j'w1u'i'Yimfliiun. flnJ~L'YifiUflm'lLLYmJ, 

f;}Ufffllll-l"ill-Ji1il'i::'rril~<1'muu'ifLil!.J 1il 1il-Lf1Lfl~. flru::L'Yifluflm"JLL vmJ. 

unAmn'lfuiJ'fi rr, flnJ::L'YifiU1"1nl'lLLYmJ, 

1llfll'!ilLI'Ii1fli:iun, flnJ::L'YifiUflnl'iLLW'YIJ, 

fi~~Liiil111fl1m, flnJ:::LLW'YIFJI'Il<1'111{ l-J'r1ll'YIFJl~FJ'lliJ\JLLrl\J, 'llil'<Jblrl\J 40002 


