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APPENDIX A

1) The gene of haemagglutinin domain of avian influenza A virus strain CMU H5

(A/Chicken/Chiang Mai/1/2004 (H5N1))

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

HSN1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

H5N1 CMU

20 40 60 80 100
ATCCACAAAATACTCCTTC"[TTTTGCAATAGTCACTCTT('ZTTAAAACTGATCACATTTG(I:ATTCCTTACCATCCAAACA:\CTCGACAGACCAGCTTCACA
120 140 160 180 200
CAATAATGCAAAACAACGT':’ACTGTTACACATCCCCAAC:I\CATACTCCAAAAGACACACAACCGGAACCTCTCCGATCTII\CATGCAGTGAAGCCTCTAA':’
220 240 260 280 300
TTTGAGACATTCTACTGTA(‘SCTCGATCCCTCCTCGGAAA(’:CCAATGTGTCACGAATTCA':’CAATGTGCCGGAATGGTCT':'ACATAGTCGAGAAGGCCAA":’

320 340 360 380 400

1 I | U I
CCAGTCAATGACCTCTGTTACCCAGGGGATTTCAATGACTATGAAGAATTGAAACACCTATTGAGCAGAATAAACCATTTTGAGAAAATTCAGATCATCC

420 440 460 480 500
CCAAAAGTTCTTGGTCCACTCATGAAGCCTCATTACGGGTGAGCTCAGCATGTCCATAC(I:AGCGAAACTCCTCCTTTTTCAGAAATGTGCTATGGCTTAT
520 540 560 580 600
CAAAAACAACAGTACATAC&CAACAATAAACACCACCTA(‘:AATAATACCAACCAACAACATCTTTTCGTACTGTGCGCGATTCACCATCCTAATCATGC(‘]
620 640 660 680 700
GCAGAGCAGACAAAGCTCTI‘\TCAAAACCCAACCACCTAT!’\TTTCCGTTCGCACATCAACACTAAACCAGAGATTGGTAC&AAGAATAGCTACTAGATCC;\
720 740 760 780 800
AACTAAACCCGCAAAGTCGAACGATGGACTTCTTCTGGACAATTTTAAAACCGAATGATCCAATCAACTTCGACAGTAA]"CGAAATTTCATTGCTCCAGA
az;o 3?0 8?0 8?0 90:)
GTATGCATACAAAATTGTCAAGAAAGGGGACTCAACAATTATGAAAAGTGAATTGGAATATGGTAACTGCAACACCAAGTGTCAAACTCCAATGGGGGCG
920 940 960 980 1,000
ATAAACTCTAGTATGCCAT':'CCACAATATACACCCTCTCACCATCGGGGAATGCCCCAAATATGTGAAATCAAACAGAT'ITAGTCCTTGCGACTGCGCTCA

1,020 1,040 1,060 1,080 1,100

GAAATAGCCCTCAAAGACA(‘ZAGAACAACAAAAAAGAGAC(‘ZATTATTTGCACCTATAGCACIGTTTTATACAGCCAGCATC(‘ZCAGGGAATCCTAGATGGTT&
1,120 1,140 1,160 1,180 1,200
CTATGCCTACCACCATAGC;\ATGAGCAGGCCAGTCGGTA(I:GCTGCACACAAAGAATCCA&TCAAAAGGCAATAGATGGA(‘:TCACCAATAAGGTCAACTC&
1,220 1,240 1,260 1,280 1,300
ATCATTCACAAAATGAACA(‘.‘TCACTTTCACGCCCTTGCA)I\GCGAATTTAACAACTTAGAAACGACAATAGACAATTTAAI‘\CAACAAGATCCAACACGCG':’

1,320 1.340 1,360 1,380 1,400

TCCTAGATGTCTGGACTTATAATGCTGAACTTCTGGTTCTCATGGAAAATGAGAGAACTCTAGACTTTCATGACTCAAATGTCAAGAACCTTTACGACAA
1,420 1,440 1,460 1,480 1,500
GGTCCCACTACACCTTAGC(‘ZATAATGCAAACCACCTGGCTAACGCTTGTTTCGAGTTCTATCATAAATGTGATAATCAATGTATCGAAACTGTAAGAAAC
1,520 1.540 1,560 1,580 1,600
CGAACGTATCACTACCCAC:\GTATTCACAAGAACCAAGA&TAAAAACAGAGGAAATAAC‘:’CGAGTAAAATTCGAATCAA':’ACCAATTTACCAAATACTG':’

1,620 1,640 1,660 1,680 1,700

1 I | 1 I
CAATTTATTCTACAGTGGCGAGTTCCCTAGCACTGGCAATCATGGTAGCTGGTCTATCCTTATGGATGTGCTCCAATGGGTCGTTACAATGCAGAATTTG

CATTTAA
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2) The amino acid of haemagglutinin domain of avian influenza A virus strain

CMU H5 (A/Chicken/Chiang Mai/1/2004 (H5N1))

H5N1 CMU (+1)

H5N1 CMU (+1)

H5N1 CMU (+1)

H5N1 CMU (+1)

H5N1 CMU (+1)

H5N1 CMU (+1)

H5N1 CMU (+1)

H5N1 CMU (+1)

H5N1 CMU (+1)

H5N1 CMU (+1)

H5N1 CMU (+1)

H5N1 CMU (+1)

20 40
| |

MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDT IMEKNVTVTHAQD I LE

6|0 8]0 10|0
KTHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSY | VEKAN
12|0 1‘:0
PVNDLCYPGDFNDYEELKHLLSRINHFEKIQI IPKSSWSSHEASLGVSSA
1(I50 1?0 20|0
CPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDA
22|0 2?0
AEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWT I LK
Z(ISO 2?0 30|0
PNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGA
32|0 3?0
INSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQRERRRKKRGLFG
3(|50 3?0 40|0
AIAGF | EGGWQCMVDGWYGYHHSNEQGSCYAADKESTQKAIDGVTNKVNS
420 440
| |
| IDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVLMEN
4?0 4!]30 50|0
ERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMESVRN
52|0 5‘[80
GTYDYPQYSEEARLKREEISGVKLESIGIYQILSIYSTVASSLALAIMVA
S?O
GLSLWMCSNGSLQCRICI*

Note: - The position of HSN1 HAL is 1-338.

- The position of cleavage site is 339-346.

- The position of fusion site is 374-354.

- The position of H5N1 HA2 is 355-537.

- The position of trans membrane is 559-568.

- The position of cytosal tail is 559-568.
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APPENDIX B

Optimized sequence of HSN1 HA1_OPT gene (GenScript, USA.)

HSN1 HA1_OPT

H5N1 HA1_OPT

HSN1 HA1_OPT

HSN1 HA1_OPT

HSN1 HA1_OPT

HSN1 HA1_OPT

HSN1 HA1_OPT

H5N1 HA1_OPT

H5N1 HA1_OPT

HSN1 HA1_OPT

H5N1 HA1_OPT

HSN1 HA1_OPT

Signal sequence 20 Start 6xHis-tag 0 Linker 60 Myec-tag 80 Linker 100
drecachAAAGAGAGGCTGAAGCTATCATCATCATCATCATCATIAATAGCGCCGTCGAQGAACAARAACT CATCTCAGAAGAGGAT CTGAATAGCGCCG

120 140 160 180 200
T_'E_GA_CATGGAGAAAATCCTCTTGTTGTTCCCAATCGTTTCCCTTGTCAAAACTGACCAA)\TCTGTATCGGTTACCACGC/I\AATAACTCAACTGAGCAAC":'
220 240 2GI0 280 30:)
TGATACTATCATGGAAAAGAACGTTACCGTCACTCATGCCCAGGACATTTTGGAAAAGACACACAATGGTAAATTGTGTGATCTTGACGGAGTTAAGCCA
320 340 360 380 400
TTGATTCTTAGAGATTCTT(I:AGTCGCAGGTTCGTTGCTT&GAAACCCAATGTGCGACGA&TTTATTAATGTTCCTGAGT(‘)GAGTTACATCGTTGAAAAA(‘]
420 440 460 480 500
CTAACCCACTCAATCATTT(IZTCTTACCCACCACATTTTA'IACGACTATGAACAGCTTAAC(‘ZATTTCCTTTCAAGAATTAAT‘CACTTCCAGAACATCCAAA;
520 540 560 580 600
CATCCCAAAATCTTCCTGG':'CGTCCCAYCAAGCCTCCTT(I'.CGTGTTTCTTCCCCATGCC(‘ZTTACCACCGTAAATCTTCY'IITCTTTACAAACCTTCTCTC('J
6%0 64|0 6G|0 6?0 70:)
TTGATCAAGAAAAATTCTACTTACCCAACAATTAAGAGATCCTACAACAACACCAACCAAGAGGATTTGCTTGTTTTGTGGGGTATTCATCACCCAAACG
72'0 74Io 7?0 7?0 so'o

ACGCTGCCGAACAAACAAAGCTTTACCAGAACCCTACTACATACATCTCAGTCGGAACAAGTACCTTGAACCAAAGACTTGTTCCTAGAATTGCTACAAG

820 840 860 880 900
ATCAAAACTCAATCCTCACJ\CTCGAACAATCCACTTTTT(':TGGACCATTTTCAACCCAAACGATCCCATCAATTTCCAC';'CTAACGGTAACTTCATCCCA
920 940 960 980 1,000
CCTGAATACCCTTATAACA':‘CCTTAAGAAAGCAGACTCTACTATTATCAAATCCCAATT&GAGTACGGTAACTGTAATA(I:CAACTGCCAAACTCCTATG(‘:
1.020 1.040 1.060 1,080 1,100
GACCTATTAACTCTTCCAT(‘ZCCATTCCATAATATTCACC(‘:TTTGACTATCGCTGAATGT(‘:CTAACTATCTTAAAAGTAA';'ACATTGCTCCTTCCCACTC(‘]
Stop ot

1,120
TTTGAGAAATAGTCCACAG@ decccac
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APPENDIX C

Media recipes

1. Stock solution, reagents and media
1.1 Stock solutions

10X YNB (13.4% yeast nitrogen base with ammonium sulfate without

amino acids)

Dissolve 134 g of yeast nitrogen base (YNB) with ammonium sulfate and without
amino acids in 1000 ml of water heat the solution to dissolved YNB completely and filter

sterilize. Store at 4°C.
500X B (0.02% Biotin)

Dissolve 20 mg of biotin in 100 ml of water and filter sterilize. Store at 4°C. The

shelf life of this solution is approximately one year.

10X GY (10% Glycerol)

Mix 100 ml of glycerol with 900 ml of water. Sterilize either by filtering or
autoclaving. Store at room temperature. The shelf life of this solution is greater than one

year.
1 M potassium phosphate buffer, pH 6.0

Combine 132 ml of 1 M KoHPO4 with 868 ml of 1 M KH2PO4 and confirm that
the pH=6.0 £ 0.1 (if the pH needs to be adjusted, use phosphoric acid or KOH). Autoclave

and store at room temperature. The shelf life of this solution is greater than one year.
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2. Pichia media recipe.
2.1 Bufferred Glycerol-complex Medium (BMGY)

1% yeast extract

2% peptone

100 mM potassium phosphate, pH 6.0

1.34% YNB

4x107° % biotin

1% glycerol

1. Dissolve 10 g of yeast extract, 20 g of peptone in 700 ml of water.

2. Autoclave 20 minutes on liquid cycle.

3. Cool to room temperature, then add the following and mix well:
- 100 ml 1M potassium phosphate buffer, pH 6.0
- 100 ml 10X YNB
-2ml 500X B
- 100 ml 10X GY

4. Store media at 4°C. The shelf life of this solution is approximately two

months.

2.2 Yeast Extract Peptone Dextrose Medium (YPD 1 liter)

1% yeast extract

2% peptone
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2% dextrose (glucose)

1. Dissolve 10 g of yeast extract and 20 g of peptone in 900 ml of water.

Note: Add 20 g of agar if making YPD slants or plates.

2. Autoclave 20 min. on liquid cycle.

Note: Cool solution to 55°C and add zeocin (If require)

Store the liquid medium at room temperature. Store YPD slants or plates at 4°C.

The shelf life of this solution is several months.

3. Escherichia coli Media Recipes.

3.1 Low salt-LB medium with zeocin

10 g tryptone
5 g NaCl
5 g yeast extract

1. Combine the dry reagents above and add distilled water to 950 ml.
Adjust pH to 7.5 with 1 N NaOH. Bring the volume up to 1 liter. For plates,
add 15 g/l agar before autoclaving.

2. Autoclave on liquid cycle at 15 psi and 121°C for 20 minutes.

3. Allow the medium to cool at least 55°C before adding the zeocin to

50 pg/ml final concentration.

4. Store plates at 4°C in the dark. Plates containing zeocin are stable

for up to 2 weeks.
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APPENDIX D

Reagents and buffers preparation

0.1 M Tris-HCI buffer (pH 7.0) supplemented with 2 mM CaCl2.Hz20
- Dissolve 3.025 g of Tris base in deionized water (DI-H.0).
- Adjust pH to 7.0 with 6 N HCI.
- Add 0.055 g of CaCl..

- Adjust volume to 250 ml with deionized water (DI-H.0).
0.5M EDTA, pH 8.0

- Dissolve 186.12 g of Na2EDTA.2H,0 in 800 ml of distilled water with magnetic
stirring plate.

- Adjust pH to 8.0 with 1 M NaOH
- Adjust volume to 1 liter with distilled water.

- Sterilize by autoclaving and store at room temperature.

50X TAE buffer, pH 8.0

- Dissolve 242 g of Tris base in 500 ml of distilled water.
- Add glacial acetic acid and 0.5 M EDTA.
- Adjust volume to 1 liter with distilled water.

- Store at room temperature.
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1. 3M sodium acetate

- Dissolve 408.1 g of NaOAC.3H20 in 800 ml of distilled water.
- Adjust pH to 5.2 with glacial acetic acid.

- Adjust volume to 1 liter with distilled water.

- Store at room temperature.

2.0.1 M CaCl:

- Dissolve 1.48 g of CaCl2*2H>0 in 100 ml of distilled water.

- Sterilize by autoclaving and store at 4°C.

3. 1 M sorbitol

- Dissolve 18.2 g of sorbitol in 100 ml of distilled water.

- Sterilize by autoclaving and store at 4°C.

4. 30% Acrylamide mix

- Dissolve 29 g of Acrylamide and 1 g of Bis-acrylamide in 100 ml of distilled

water.

- Store in the dark at 4°C.

5. 10% APS

- Dissolve 100 mg of ammonium persulfate (APS) in 1 ml of distilled water.

- Store in the dark at 4°C
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6.1.5M Tris-HCI pH 8.8

- Dissolve 18.15 g of Tris base in distilled water.
- Adjust to pH 8.8 with 6 M HCI.

- Adjuste volume to 100 ml of distilled water.

- Store at 4 °C

7.0.5M Tris-HCI pH 6.8

- Dissolve 6.06 g of Tris base in distilled water.
- Adjust to pH 6.8 with 6 M HCI.
- Adjust volume to 100 ml with distilled water.

- Store at 4°C

8. Running buffer 1X

- Dissolve 7.21 g of Glycine and 1.51 g of Tris base in distilled water.
- Add 0.5 g of SDS (sodium dodecyl sulfate)
- Adjust volume to 500 ml with distilled water.

- Filtrate by passing through a 0.2 um filter

9. Coomassie Blue protein stain

- Dissolve 0.5 g of Coomassie Brilliant Blue R-250 in distilled water.
- Add 500 ml of methanol and 100 ml of acetic acid into solution

- Adjust volume to 1 I with distilled water.
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10. Blotting buffer

- Dissolve Glycine; 1.801 g, Tris-base; 0.378 g and 0.0625 g of SDS in distilled

water.

- Add 25 ml of methanol and adjust to 100 ml with distiiled water.
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APPENDIX E

The sequencing data of HSN1 HA2 gene

(1st_ BASE_1106907_HA2_AOX1_forward)

PPICZA-HSN1 HAZ C.1

pPICZA-H5N1 HA2 C.1

pPICZA-H5N1 HA2 C.1

PPICZA-H5N1 HA2 C.1

pPICZA-H5N1 HA2 C.1

pPICZA-H5N1 HA2 C.1

pPICZA-H5N1 HA2 C.1

pPICZA-H5N1 HA2 C.1

pPICZA-H5N1 HA2 C.1

pPICZA-H5N1 HA2 C.1

PPICZA-H5N1 HA2 C.1

PPICZA-H5N1 HA2 C.1

pPICZA-HSN1 HA2 C.1

PPICZA-H5N1 HA2 C.1

pPICZA-H5N1 HA2 C.1

[Xhol]

20 o € 80 100
GTTTTTCGACTTTTACGACACTTGAGAGATCAAAAAACAACTAATTATTCGAAACGAGGAATTCACGTGGCCCAGCCGGCCGTCTCGGATCGGTACCICG
Signal sequence 1;0Start 140 160 180 20

1
_A‘GFAAACACACGCTGAAGC*TCtI’TTATACAGGCACGATGCCAGCCAATCGTAGATCGTTCCTATGCCTACCACCATAGCAATGAGCACGGGACTGGGTA

220 240 260 280 300
CGCTGCAGACAAAGAATCCACTCAAAAGGCAATAGATGGAGTCACCAATAAGGTCAACTCGATCATTGACAAAATGAACACTCAGTTTGAGGCCGTTGGA
320 340 360 }?o 40|0
AGGCAATTTAACAACTTAG;’\AACGACAATACACAATTTAAACAAGAAGATGGAACACGG(‘ZTTCCTAGATGTCTCGACTTATAATCCTGAACTTCTGGTTC
420 440 460 480 500
TCATGCAAAATGACACAAC'}CTACACTTTCATCACTCAAATCTCAACAACCTTTACCACAAGGTCCGACTACAGCTTAC(IICATAATCCAAACGACCTCC(IZ
s{o s:o s?a s?o 6U|0
TAACGGTTGTTTCGAGTTCTATCATAAATGTGATAATGAATGTATGGAAAGTGTAAGAAATGGAACGTATGACTACCCACAGTATTCAGAAGAAGCAAGA
INotl]

620 640 660 680 700

1 1 1 1 I
CTAAAAAGAGAGGAAATAAGTGGAGTAAAATTGGAATCAATAGGAATTTACCAAATACTGTCAATTTATTCTTGOGGCCGCCAGCTTGGGCCCGAACAAA
Myc-tag 720 Linker 0 OxHis-tag Stop. e P

1 1 1 I
AACTCATCTCAGAACACCATCTdAATACCCCCCTCCA*ATCATCATCATCATCA l CAETTTTAGCCTTACACATGACTGTTCCTCACTTCAAGTTGCC
L ]

820 840 860 880 900
1 1 ] I |
CACTTACCAGAAGACCGGTCTTGCTAGATTCTAATCAAGAGGATGTCAGAATGCCATTTGCCTGAGAGATGCAGGCTTCATTTTTGATACTTTTTTATTT

920 940 960 980 1000

1 1 1 1 I
GTAACCTATATAGTATAGGATTTTTTTTGTCATTTTGTTTCTTCTCGTACGAGCTTGCTCCTGATCAGCCTATCTCGCAGCTGATGAATATCTTGTGGTA
1.0]20 l.t}tu l.olso l.olso Llalo
GGGGTTTGGGAAAATCATTCGAGTTTGATGTTTTTCTTGGTATTTCCCACTCCTCTTCAGAGTACAGAAGATTAAGTGAGACCTTCGTTTGTGCGGATCC

1.120 1140 1,160 1,180 1.200

CCCACACACCATAGCTTCAAAATGTTTCTACTCCTTTTTTACTCTTCCAAATTTTTCCGGACTCCGGGCATCGCCGTACCCTTTCAAAACCCCCAAGCCC

1.220 1.240 1.260 1,280 1.300
AGCATACTAAATTTCCCCTCTTTCTTCCCCTAGGGGTGCGTTAATTCCCCGTACTAAAGGTTTGGAAAAAAAAAAAAAGACCGCCTCGGTTCCTTTTCTT

1320 1340 1,360 1,380 1.400
[
CCCCAAAAAAGGAATAAAAATTTTTTACCACGTTTCCTTTTCTTGGGAAAATTTTTTTTTTGAATTTTTTCTCTTTTCGAAGACTCCCCTTTGGAATTTA

AAGATAAAAACGGG
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APPENDIX F

Comparison of amino acids

Comparison of amino acid between the haemagglutinin domain of avian influenza
A virus strain CMU H5 (A/Chicken/Chiang Mai/1/2004 (H5N1)) and the recombinant
vector (pPICZA-H5N1 HA1 clonel) from Escherichia coli strain XL1-blue.

HA2 CMU F | EGGWQGMYV
HA2 C.1 FIlEGGWQGMV

Consensus F | EGGWQGMYV

100%

Conservation
0%

20

|
DGWYGYHHSN
DGWYGYHHSN

DGWYGYHHSN

EQGSGYAADK
EQGSGYAADK

EQGSGYAADK

40

|
ESTQKAIDGV
ESTQKAIDGV

ESTQKAIDGV

TNKVNS | IDK
TNKVNS | IDK

TNKVNS | IDK

60
|

HA2 CMU MNTQFEAVGR
HA2 C.1 MNTQFEAVGR

Consensus MNTQFEAVGR

100%

Conservation
0%

EFNNLERRIE
EFNNLERRIE

EFNNLERRIE

80
|

NLNKKMEDGF
NLNKKMEDGF

NLNKKMEDGF

LDVWTYNAEL
LDVWTYNAEL

LDVWTYNAEL

100
|

LVLMENERTL
LVLMENERTL

LVLMENERTL

HA2 CMU DFHDSNVKNL
HA2 C.1 DFHDSNVKNL

Consensus DFHDSNVKNL
100%

Conservation
0%

120
|

YDKVRLQLRD
YDKVRLQLRD

YDKVRLQLRD

NAKELGNGCF
NAKELGNGCF

NAKELGNGCF

140
|

EFYHKCDNEC
EFYHKCDNEC

EFYHKCDNEC

MESVRNGTYD
MESVRNGTYD

MESVRNGTYD

160
|

HA2 CMU YPQYSEEARL
HA2 C.1 YPQYSEEARL

Consensus YPQYSEEARL

100%

Conservation
0%

KREEISGVKL
KREEISGVKL

KREEISGVKL

180
|

ESIGIYQILS
ESIGIYQILS

ESIGIYQILS

IYS 183
lYS 183

lYsS
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APPENDIX G

Calculation of transformation efficiency

Transformation efficiency was calculated by diving the number of successful
transformants by the amount of DNA used during a transformation procedure (Tu et al.,
2004). In this study, 2.50 pg of HSN1 HA2 gene (concentration of 1 pg/upl) was used.
Then, 100 pl of cells suspension containing DNA from a test tube containing a total
volume of 1100 ul of solution were spread on YPDS plate with zeocin, so the total amount

of H5N1 HA2 gene that spread on plate was calculated using the following formula;

DNA spread in ug = Total amount of DNA used in pl x volume spread on plate (ul)

Total sample volume in test tube (ul)
= (2.50 x 100)/1100
=0.227

Each colony on the YPDS plate can be assumed to be derived from a single cell.
The total number of yeast cell was determined by counting the colonies on the plates. So,
these represented the total number of yeast cell that express the HS5N1 HA2 gene, divided
by the amount of H5N1 HA2 gene used in this study. The transformation efficiency was

calculated using the following formula;

Transformation efficiency = Total number of cells growing on the plate

Amount of DNA spread on the plate
The 251 colonies were grown on YPDS agar containing 100 pg/ml of zeocin.

Transformation efficiency = 251/0.227 = 1.11 x 103 cells/pg
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