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HES 43 (a) Kim et al. Enzyme Microb Technol. (2012) 50, 50-56; (b) Bertrand et al Carbohydr
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i
5
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pHE T2/ 243 & 80 3%, DNSO 20 FH%) wHSuj/jE o]gafe] A A 1 .191 WHo R Uu-D-SF 3
A EFegtol=gt A2AYS 8 AR FF vhEAIZI o R pHel|l e HEstE-0-otd du-SFIAA= A
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[0137]
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[0147]

[0148]
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AZAY SFFZA = digk A ~HAET (nass spectrum) A3, Ex1o] 464,132 FAZAEH SFIZA|=(n/z

[M-H] : 463.41; [M+C1] : 499.39)7} 3relx]lch.

NR Azt sh719F Zow, 7] vhes Fd P49 FA2AY SFIANEE X 77 HA2AR ] 7-54F
719 a-0-2F3ZAY A3 (glycosidic linkage) o2 AZ4Y¥ HAZAY-7-0- a-FFIZA =S F<¢lst9t).

OH

HO
HO

Yellow powder (42.7 mg, 92%).

' NMR(methanol-d,.400 MHz): & 7.16 (m, 10, Ph-H2'). 6.92 (m, 1H, Ph-II5'), 6.87 (m. 1H, Ph-H6'). 6.23
(m, 1H, Ph-H6), 5.77 (m, 1H, Ph-H8), 5.52 (d, 1H, J = 3.6 Hz, H1” ), 3.56 (m, 1H, H4"), 3.50 (m, 1H,
H3"), 3.41 (m, 3H, H6" = H2"), 3.32 (m, 1H, H5") C NMR (methanol-d,,100 MHz): & 176.47(C=0);

166.94(C-7), 158.32(C-5), 157.74(C-9), 150.83(C-4'), 148.25(C-3'), 147.84(C2), 137.03(C3), 122.41(C-
1'), 121.03 (C-6'), 116.96 (C-5'), 116.50 (C-2'), 104.66 (C-10), 97.76 (C-6), 94.40 (C-8) (Ph-C);
101.39 (C-1"), 76.85 (C-3"), 74.42 (C-4"), 73.83 (C-5"), 73.17 (C-2"), 61.87 (C-6").

HMBC shows H1" coupled with C7 and H8 coupled with C1" .

NOESY shows H8 coupled with H1'

AA ] 2, olu A 7-0- a-FFIAA =Y

o

14

OH

FEEAR oA S AFER AL Alefstae Al 19 B =
o ESIANSE Aetglnt. &b7] AdzRy e obuAld SFIAE Ak ZRg A7) ofulAlde] 7-
A7 0-a-2FAAY Ao A opuAd 7-0-a-FFIAE]E skl

ro

Yellow powder (39.3 mg, 91%).

' NMR (methanol-ds, 400 MHz): & 7.62 (m, 2H, Ph-H2' and 6'), 6.81 (s, 1H, C=CH), 6.75 (m, 2H, Ph-H3'
and 5'), 6.44 (m, 1H, Ph-H6), 5.96 (m, 1H, Ph-H8), 5.41 (d, 1H, J = 3.6 Hz, H1 "), 3.83 (m, 1H, H4 "),
3.68 (m, 1H, H3"), 3.52 (m, 2H, H6" ), 3.46 (m, 1H, H2"), 3.34 (m, 1H, H5"). e MR (methanol-dy,

100 MHz): & 182.37 (C=0); 168.38 (C-7), 161.39 (C2), 160.18 (C-5), 158.25 (C-9), 157.37 (C-4")
130.75 (2C€), 125.60 (C-1'"), 118.51 (2C), 104.82 (C-10), 104.25 (C3), 98.24 (C-6), 96.97 (C-8) (Ph-C);
103.39 (C-1"), 76.83 (C-3"), 75.58 (C-4"), 74.53 (C-2"), 73.27 (C-5"), 64.81 (C-6").

HMBC shows H1" coupled with C7 and H8 coupled with C1".

NOESY shows H8 coupled with H1 " .
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ESI-MS: calc. for [C21H2001o - H+]_ = 431.4; found 431.4.

Yellow powder (40.4 mg, 90%).

1H NMR (methanol-ds, 400 MHz): & 8.05 (m, 2H, Ph-H2' and 6'), 6.83 (m, 2H, Ph-H3' and 5'), 6.68 (m,
1H, Ph-H6), 6.39 (m, 1H, Ph-H8), 5.49 (d, 1H, J = 3.2 Hz, H1"), 3.62 (m, 1H, H4"), 3.42 (m, 1M,
H3"), 3.36 (m, 3H, H6" and H2"), 3.18 (m, 1H, H5"). 13C MR (methanol-ds, 100 MHz): & 177.70

(C=0); 167.31 (C-7), 159.72 (C-5), 158.29 (C-9), 155.74 (C-4'), 147.37 (C2), 138.31 (C3), 131.98 (20),
124.04 (C-1'), 117.33 (2C), 105.17 (C-10), 99.92 (C-6), 95.29 (C-8) (Ph-C); 100.03 (C-1"), 76.21 (C-3
"), 74.86 (C-4"), 74.16 (C-2"), 73.69 (C-5"), 62.81 (C-6").

HMBC shows H1" coupled with C7 and H8 coupled with C1".

NOESY shows H8 coupled with H1 " .

ESI-MS: calc. for [CoHaO1 - H+]— = 447 .4; found 447 .4.

Ao 4, FAaHHE-7-0- a -FFZA| =9

i)

14

OH

o) OH
HO
HO [:i:]/o\\
OH
O 8

FEeAZ FadEes AFRE AL AQstuE AAd 19 WHoR I addE FRIANEES TG,
NMR3} ESI-MSZ E4133ich. 7] AxzRE @49 sadee SF3ANs B 329 A7)0 davdy
o 7- A7l 0-a-SFIAY AF

lo
ffl
re
(b
oz

White powder (46.0 mg, 99%).

1H NMR (methanol-ds, 400 MHz): & 6.97 (m, 1H, Ph-H2'), 6.82 (m, 2H, Ph-H5' and 6'), 6.36 (m, 1H, Ph-

H6), 5.72 (m, 1H, Ph-H8), 5.37 (d, 1H, J = 3.6 Hz, H1"), 5.08 (t, 1H, J = 4.7 Hz, H2), 3.92 (s, 3H,
OCH3), 3.86 (m, 1H, H4"), 3.67 (m, 1H, H3"), 3.59 (m, 2H, H6"), 3.44 (m, 1H, H2" ), 3.31 (m, 2H,

H3), 3.19 (m, 1H, H5"). “C MR (methanol-d,, 100 MHz): & 198.50 (C=0); 165.19 (C-7), 162.45 (C-5),

161.99 (C-9), 151.24 (C-4'), 148.17 (C-3'), 132.64 (C-1'), 121.53 (C-6'), 118.95 (C-2'), 116.28 (C-
5'), 105.66 (C-10), 98.51 (C-6), 96.46 (C-8) (Ph-C); 97.29 (C-1"), 81.48 (C-2), 76.92 (C-3"), 75.86
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(C-4"), 74.68 (C-2" ), 73.22 (C-5"), 62.27 (C-6"), 57.24 (OCH3), 43.52 (C-3).
HMBC shows H1" coupled with C7 and H8 coupled with C1" .

NOESY shows H8 coupled with H1" .

ESI-MS: calc. for [Colz01 — H+]— = 463.4; found 463.4.

OH O
FFEAE FAAN S AR A5 Agfstats AAld 19 e YdAd IFIAEE FFsglor, NR
I ESI-MS= #Afskglet. ab7] Ad2FE e Al SFIAE A 229 77 gRiAde] 7- 5
Aol 0-a-2FAAY Ao dd¥ YAAd-7-0-a-2FAA =SS FRlsin

White powder (42.9 mg, 99%).

I NIR (methanol-ds, 400 MHz): & 7.23 (m, 2H, Ph-H2' and 6'), 6.76 (m, 2H, Ph-H3' and 5'), 6.18 (m,
2H, Ph-H6 and 8), 5.47 (d, 1H, J = 3.4 Hz, H1"), 5.19 (t, 1H, J = 5.5 Hz, H2), 3.71 (m, 1H, H4"),

3.56 (m, 1H, H3"), 3.43 (m, 34, H6" and 2"), 3.28 (m, 2H, H3), 3.16 (m, 1H, H5"). C NMR
(methanol-d,, 100 MHz): & 197.29 (C=0); 168.42 (C-7), 161.86 (C-5), 160.42 (C-9), 154.21 (C-4'),

132.60 (C-1'), 130.65 (2C), 118.37 (2C), 104.28 (C-10), 97.18 (C-6), 95.83 (C-8) (Ph-C); 101.29
(C-1"), 79.63 (C-2), 76.10 (C-4"), 75.89 (C-3"), 74.52 (C-2"), 72.77 (C-5"), 64.13 (C-6"), 42.96
(C-3).

HMBC shows H1" coupled with C7 and H8 coupled with C1" .

NOESY shows H8 coupled with H1" .

ESI-MS: calc. for [CoiHgs010 ~ H+]— = 433.4; found 433.4.

e EAE BAFAS SR AL Adstus AAd 19 WHoR BTN TEAANSE PYRACH, IR
3} ESINSE #Askenh. 3] AdEvE FHE BAEY FRIAS B X8 Wb gAEAY - 5
Ao 0-a-FFEAY AFOoR AFH FAEAT-0-a-FFAA=YS HA5T

White powder (46.2 mg, 99%).

I MR (methanol-ds, 400 MHz): & 7.01 (m, 1H, Ph-H2'), 6.86 (m, 1H, Ph-H5'), 6.80 (m, 1H, Ph-H6'),
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6.39 (m, 1H, Ph-H6), 5.84 (m, 1H, Ph-H8), 5.45 (m, 1H, H2), 5.41 (m, 1H, H3), 5.36 (d, 1H, J = 3.2 Hz,
H1"), 38.72 (m, 1H, H4"), 3.63 (m, 1H, H3"), 3.55 (m, 2H, H6 "), 3.42 (m, 1H, H2" ), 3.34 (m, 2H,
H3), 3.26 (m, 1H, H5"). 13C NMR (methanol-d,, 100 MHz): & 197.58 (C=0); 167.29 (C-7), 163.77 (C-5),

162.27 (C-9), 148.86 (C-4'), 147.41 (C-3'), 130.37 (C-1'), 120.65 (C-6'), 116.33 (C-2'), 115.24 (C-
5'), 101.48 (C-10), 99.85 (C-6), 97.28 (C-8) (Ph-C); 98.26 (C-1"), 86.53 (C-2), 75.73 (C-3"), 74.51
(C-4"), 74.10 (C-2"), 73.74 (C-5"), 70.81 (C-3), 63.62 (C-6").

HMBC shows H1” coupled with C7 and H8 coupled with C1".

NOESY shows H8 coupled with H1 " .

ESI-MS: calc. for [CoHpOr - H1- = 465.4; found 465.4.

A 7. (H)-FHEZ-T-0- a -2 FFZA =9

o

14

GFEAZ (H)-7HE S AFET S AQstas AAld 19 BHoR (H)-7HEZ SR IAE=EE G on,
NMR=} ESI-MS= #Afshsitt. ob7] da=iE § *éfé (H-7HIR SFI2AE B2 227 3717 (H)-7HER)
o] 7- A7l 0-a-2F2 +)-7HE71-7-0- a - =

>,
Ny
ih)
%
o
fl
e
(b
i, oot

White powder (40.7 mg, 90%).

1H NMR (methanol-dy, 400 MHz): & 7.14 (m, 1H, Ph-H2'), 6.95 (m, 1H, 25.98/2

Ph-H5'), 6.87 (m, 1H, Ph-H6'), 5.81 (m, 1H, Ph-H6), 5.67 (m, 1H, Ph-H8), 5.48 (d, 1H, J = 4.0 Hz,
H1"), 5.03 (m, 1H, H2), 4.52 (m, 1H, H3), 3.82 (m, 1H, H4"), 3.64 (m, 1H, H3" ), 3.58 (m, 3H, H6"
and 2" ), 3.48 (m, 2H, H3), 3.25 (m, 1H, H5"), 2.68 (m, 2H, H4). 13C NMR (methanol-d,, 100 MHz): &

159.35 (C-7), 158.21 (C-5), 157.83 (C-9), 145.26 (C-4'), 145.87 (C-3'), 130.29 (C-1'), 120.93 (C-6")
116.39 (C-5'), 115.35 (C-2'), 99.52 (C-10), 94.34 (C-6), 92.64 (C-8) (Ph-C); 99.01 (C-1"), 85.49 (C-
2), 77.53 (C-3"), 75.28 (C-4"), 73.96 (C-5"), 73.43 (C-2"), 67.36 (C-3), 62.74 (C-6"), 29.28 (C-
4).

HMBC shows H1” coupled with C7 and H8 coupled with C1".

NOESY shows H8 coupled with H1 " .

ESI-MS: calc. for [CoHoO1 - H+]— = 451.4; found 451.4.

(

AAld] 8. (-)-oFFHE-7-0- a -FF A =2] A

I

OH

- e} OH
HO OH
OH
0 O

OH
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I
)
o,

SAZ ()-AAFHNE AHEE S Al
o

(R
Al

. H
7b ()=l g7t 19 7- S]] O0-a-2FIZAIY AFoR AAE (-)-AIFEHI-7-0- a -2 F A
SETES
White powder (44.3 mg, 98%).
1H NMR (methanol-ds, 400 MHz): & 7.06 (m, 1H, Ph-H2'), 6.82 (m, 1H, Ph-H5'), 6.73 (m, 1H, Ph-H6'),

5.72 (m, 1H, Ph-H6), 5.60 (m, 1H, Ph-H8), 5.45 (d, 1H, J = 3.9 Hz, H1"), 5.01 (m, 1H, H2), 4.46 (m,
1H, H3), 3.78 (m, 1H, H4"), 3.60 (m, 1H, H3"), 3.53 (m, 3H, H6" and H2"), 3.44 (m, 2H, H3), 3.19

(m, 1H, H5"), 2.62 (m, 2H, H4). 13C NMR (methanol-d,, 100 MHz): & 158.37 (C-7), 158.02 (C-5), 157.29

(C-9), 144.83 (C-4'), 144.17 (C-3'), 129.66 (C-1'), 119.18 (C-6'), 114.76 (C-5'), 114.23 (C-2'), 98.24
(C-10), 94.39 (C-6), 92.20 (C-8) (Ph-C); 100.16 (C-1"), 85.08 (C-2), 76.36 (C-3"), 76.02 (C-4"),
74.59 (C-5"), 73.29 (C-2"), 66.33 (C-3), 60.22 (C-6"), 26.36 (C-4).

HMBC shows H1" coupled with C7 and H8 coupled with C1".

NOESY shows H8 coupled with H1 " .

ESI-MS: calc. for [CoHO1 - H+]— = 451.4; found 451.4.

A e 9, AY2EQA-7-0- a -FFFHA =9

jured)

14

OH

FrEEAZ AU2HE AFES RS AYstas Ao 19 WHoz AYUzHS FFIANEE FA5RoH,
NMR¥} ESI-MSZ #A43kqid. 3l7] 244 =25F ¥ e =
o 7- Ao O-a-FFFAY Aoz Add AY=EA-7-0-

White powder (41.0 mg, 95%).

I NMR (methanol-dys, 400 MHz): & 8.12 (s, 1H, C=CH), 7.37 (m, 2H, Ph-H2' and 6'), 6.83 (m, 2H, Ph-H3'
and 5'), 6.72 (m, 1H, Ph-H6), 6.58 (m, 1H, Ph-H8), 5.48 (d, 1H, J = 3.6 Hz, H1"), 3.52 (m, 1H, H4"),

3.46 (m, 1H, H3"), 3.39 (m, 3H, H6" and H2"), 3.31 (m, 2H, H3), 3.14 (m, 1H, H5"). C NMR
(methanol-d,, 100 MHz): & 180.74 (C=0); 167.21 (C-7), 161.63 (C-5), 157.73 (C-9), 156.23 (C-4'),

153.28 (C2), 131.82 (2C), 125.89 (C3), 124.44 (C-1'), 117.12 (2C), 104.63 (C-10), 97.28 (C-6), 94.51
(C-8) (Ph-C); 100.64 (C-1"), 75.51 (C-3"), 74.68 (C-4"), 74.07 (C-2"), 72.68 (C-5"), 61.33
(C-6").

HMBC shows H1” coupled with C7 and H8 coupled with C1" .

NOESY shows H8 coupled with H1" .

ESI-MS: calc. for [CoHaOw - H1- = 431.4; found 431.4.

_24_



[0207]

[0208]
[0209]

[0210]

[0211]

[0212]

[0213]

[0214]

[0215]
[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

ZIHSdl 10-2016-0052106

NMR2} ESI-MS® 413} g
o] 7- Fa 0l 0-a-FFFAY AFoeR AAF o

White powder (38.3 mg, 92%).

1H NMR (methanol-ds, 400 MHz): & 8.28 (s, 1H, C=CH), 8.01 (m, 1H, H5), 7.32 (m, 2H, Ph-H2' and 6')

7.14 (m, 1H, Ph-H6), 7.03 (m, 1H, Ph-H8), 6.78 (m, 2H, Ph-H3' and 5'), 5.56 (d, 1H, J = 3.6 Hz, H1"),
3.63 (m, 1H, H4"), 3.56 (m, 1H, H3" ), 3.45 (m, 3H, H6" and H2 "), 3.37 (m, 2H, H3), 3.24 (m, 1H, H5

"). 13C NMR (methanol-d,, 100 MHz): & 178.26 (C=0); 166.73 (C-7), 158.34 (C-9), 157.59 (C-4'), 153.27

(C2), 130.69 (2C), 129.57 (C-5), 125.49 (C-1'), 123.74 (C3), 118.69 (C-10), 117.73 (2C), 115.48 (C-6),
99.36 (C-8) (Ph-C); 105.83 (C-1"), 76.35 (C-3"), 74.93 (C-4"), 73.74 (C-2"), 72.02 (C-5"), 61.40
(C-6").

HMBC shows H1" coupled with C7 and H8 coupled with C1" .

NOESY shows H8 coupled with H1 " .

ESI-MS: calc. for [CoHzQy — H+]— = 415.4; found 415.4.

AN&d 1. galx= H7}
A& 1.1. AYZEN-7-0- a-FFIA =9 L35 F7}

Fuhg A2 A EEEAT A6 94 AxF AUSHAT0-a-ZFAAES] FIEE 47}
B7}etge.

S3% Wb AV~ BEZAT AN6 99 AYZHRIT-0-a-FFRAE] BHEG HPLC B0 whe
A BAe AmviEad N3 WAL olgdtel EERFUS FAT e, 4 BA E5HgY U] AYze
% AUZHA-7-0- 0 -FFHA ] HPLC AZPHETY W 92 WA olgdte] 2 BA ThrwE A4

ik,

25 TolA AY2=E Sl Eo st &=+ 19.6 pM=Z FAHFNSH, AYZHA-7-0-a-=FZA =g &
3t =+ 210.8 pME =AHo] & =7} 10.778) A E AL Fasgnt
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<130>
<160> 3
<170>
<210> 1
<11>
<212>
<213>
<400> 1
Met Gln Thr
1

Ile Gly Glu

Ser Ser Asn
35
Gly Asn Lys
50
Ile Gly Leu
65

Tyr Val Met

Pro Leu Tyr

Ala Thr Gly

115

701

PRT

Ile

Pro

20

Lys

Val

Tyr

Val

100

Tyr

HPC-5410

Sulfolobus

Lys

Phe

Ser

Asn
85

Ser

Phe

Gly Leu Glu Glu Tyr

130
Val Glu Phe
145

Lys Tyr Thr

Phe Gly Tyr

Tyr

Glu

Met

180

Val

Leu

165

Ile

KopatentIn 2.0

solfataricus

Ile Tyr

Pro Pro

Leu Ser

Val Glu

55

Lys Ala

70

Val Asp

Ile Pro

Phe Asn Ser Ala

Asp Lys

135

Glu Asn Lys
10
Ile Glu Phe

25

Glu Leu Gly
40
Lys Ser Leu

Phe Glu Leu

Ala Gly Ala
90

Leu Phe

105
Ser
120

Val Ile Val

Ile Glu Gly Pro Arg

150

Thr Gly Lys Pro Phe

Ser Arg Tyr Ser

170

Tyr

185

Gly Val Tyr

Pro Leu Glu

Leu Thr Ile

45

Asp Leu Lys
60

Asp Arg Lys

75

Tyr Lys Lys

Ser Val Lys

Lys Val Ile

125

Thr
140

Ile Glu Asp

155

Leu Pro Pro

Tyr Pro Gln

Lys

30

Val

Arg

Tyr

Asp

110

Phe

Val

Met

Asp

190

_27_

Val
15

Lys

His

Lys

95

Gly

Asp

Ile Pro Glu Asp

Leu

Trp

175

Lys

Val

Arg
80

Asp

Val

Val

Ser

Glu

160

Ala

Val
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Val

Val

His

225

Lys

Asp

Val

Leu

305

Met

Leu

Phe

Lys

Asn

Gly

Glu Leu Val

Phe
210

Pro

Arg

Tyr

290

Asn

Ser

Pro

Lys

370

Thr

Leu

195

Leu

Tyr

Asn

Asn

Ser

275

Pro

Ser

Ser

Asp

355

Val

Phe

Tyr

Pro

Ser

435

Asp

Arg

Val

Tyr

260

Asp

Pro

Leu

340

Asn

Arg

Arg

Ser
420

Ile

Asp

Phe

Lys

245

Ser

Phe

Trp

Thr

325

Pro

Val

Asn

Thr

405

Trp

Ser

Ile

His

Pro

230

Leu

Pro

Leu

Phe

Leu

310

Asp

Val

Val

Ser

390

Asp

Gly

Met Gln Lys Glu Gly Phe Arg Val Ala Gly

200
Tyr Met Asp Ser
215

Glu Pro Lys Lys

Ile Thr Ile Val

250
Phe Leu Ser Gly
265
Phe Val Gly Lys
280
Arg Glu Asp Thr
295

Ser Gln Gly Val

Phe Ser Arg Ala
330

GIn Phe Arg Asp

345
His Tyr Leu Arg
360
Tyr Pro Leu Tyr
375

His Arg Asn Glu

Gln Arg Tyr Ala

410

Asp Leu Lys Leu
425

Val Pro Phe Val

440

Tyr

Leu

235

Asp

Met

Met

Arg

Asp

315

Asp

395

Phe

Gln

Gly

Lys

220

His

Trp

Arg

Lys

380

Phe

Leu

Cys

205

Leu Phe Thr

Asp Glu Leu

Gly Ile Arg

255
Lys Phe Cys
270
Pro Gly Thr
285

Trp Trp Ala

Ile Trp Leu

Ile Arg Asp
335
Leu Val Thr
350
Arg Val Lys
365

Met Ala Thr

Ile Leu Ser

Trp Thr Gly

415

GIn Leu Val
430

Asp Ile Gly

445

_28_

Trp

His

240

Val

Thr

Asp

320

Val

Thr

His

Phe

Arg

400

Leu

Gly
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Phe Gln Gly Arg

Val

465

Lys

Tyr

Pro

Val

Arg

545

Trp

Lys

Pro

Arg

625

Ser

Val

Thr

Lys

450

Lys

Lys

Tyr

Val

Tyr

Ser

Leu

610

Tyr

Arg

Ser

Met

Ile

Tyr Tyr

Thr Asp

Glu Lys

500
Ile Tyr
515

Arg Pro

Glu Asp

Ser Lys

Asn Tyr

580

Thr His

595

Asp Asn

Lys Ile
660

GIn Asn

675

Asn Phe Ala Glu Ile Asp Asn

Ser

Leu

565

Trp

Asp

Tyr

645

Thr

Lys

Leu

Phe

Tyr

550

Asn

Leu

Glu

Val

Tyr

455

Asp

Tyr

535

Met

Ser

Pro

Leu

615

Ser

Asp

Val

460

Leu Phe Phe Pro Phe Tyr Arg

Thr

Leu

520

Val

Arg

Thr

Lys

Asp

Ala

680

Asn Leu Glu Leu GIn His

Glu Pro
490

Val Glu

Phe Gln

Gly Lys

Leu Val

Val Tyr

Ser Ser

Leu Thr

650
Ser Lys
665

Lys Ile

His His

475

Val Phe Leu Pro

Leu Arg Tyr Lys

510

Ser Glu Lys Gly
525

Asp Asp Asp Asp

540
Tyr Leu Leu Tyr
555

Thr Leu Pro Arg

Asn Gly Lys Ser
590
Arg Glu Gly Ser

605

Gly Glu Thr Ser
620

Ser Asn Glu Ile

635

I[le Thr Ser Glu

Ser

Asp

495

Phe

His

Met

Ala

Gly

975

Val

Ile

Phe

Lys

Lys

655

Ser Met Asp Leu Leu

His

480

Tyr

Leu

Pro

Tyr

Pro
560

Lys

Val

Lys

Phe
640

Pro

Glu Ile Gln Val Glu Lys

670

Asn Gln Lys Ile Arg Gly

685

His His His

_29_
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690
<210> 2
<211>
<212>
<213>
<400> 2
Met Gln Thr

1

Ile Gly Glu

Ser Ser Asn

35
Gly Asn Lys
50
Ile Gly Leu
65

Tyr Val Met

Pro Leu Tyr

Ala Thr Gly
115
Gly Leu Glu
130
Val Glu Phe
145

Lys Tyr Thr

Phe Gly Tyr

Val Glu Leu

195

701

PRT

Ile

Pro

20

Lys

Val

Tyr

Val
100

Tyr

Glu

Tyr

Met

180

Val

Sulfolobus

Lys

Phe

Ser

Asn
85

Ser

Phe

Tyr

Val

Leu

165

Ile

Asp

695

solfataricus

Ile

Pro

Leu

Val

Lys
70

Val

Phe

Asp

150

Thr

Ser

Ile

Tyr

Pro

Ser

Asp

Pro

Asn

Lys

135

Glu

Gly

Arg

Glu Asn Lys Gly Val Tyr

10
Ile Glu Phe
25

Glu Leu Gly

40

Lys Ser Leu

Phe Glu Leu

Leu Phe

105

Ser Ala Ser
120

Val

Gly Pro Arg

Lys Pro Phe
170
Tyr

Tyr Ser

185

Pro

Leu

Asp

Asp

75

Tyr

Ser

Lys

Thr

155

Leu

Tyr

Met Gln Lys Glu Gly

200

700

Lys

Leu Glu Gln
30

Thr Ile Val

45
Leu Lys Glu
60

Arg Lys Arg

Lys Lys Tyr

Val Lys Asp

110

Val Ile Phe
125

Ile Pro Glu
140

Glu Asp Val

Pro Pro Met

Pro Gln Asp

190
Phe Arg Val

205

_30_

Val Val
15

Lys

His

Lys Arg

80
Gln Asp
95

Gly Val

Asp Val

Asp Ser

Leu Glu

160
Trp Ala
175

Lys Val

Ala Gly
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Val

His

225

Lys

Asp

Val

Leu

305

Met

Leu

Phe

Lys

385

Asn

Gly

Phe

Phe Leu Asp

210

Pro

Arg

Tyr

290

Asn

Ser

Pro

Lys

370

Thr

Leu

Tyr

Asn

Asn

Ser

275

Pro

Ser

Ser

Asp

355

Val

Phe

Tyr

Pro

Ser

435

Arg

Val

Tyr

260

Asp

Pro

Leu
340

Asn

Arg

Arg

Ser
420

Ile

Gln Gly Arg

450

Ile His Tyr

215

Phe Pro Glu
230

Lys Leu Ile

245

Ser Pro Phe

Glu Leu Phe

Phe Phe Arg

295

Trp Leu Ser
310

Thr Asp Phe

325

Pro Val Gln

Val Val His

Asn Ala Tyr

375

Thr Ser His
390

Gly Ile Gln
405

Trp Asp Asp

Ser Gly Val

Asn Phe Ala

455

Met

Pro

Thr

Leu

Val

280

Glu

Ser

Phe

Tyr

360

Pro

Arg

Arg

Leu

Pro

440

Glu

Asp Ser

Lys Lys

Ile Val

250

Ser Gly
265

Gly Lys

Asp Thr

Gly Val

Arg Ala

330
Arg Asp
345

Leu Arg

Leu Tyr

Asn Glu

Tyr Ala

410
Lys Leu
425

Phe Val

Ile Asp

Tyr

Leu

235

Asp

Met

Met

Arg

Asp

315

Asp

395

Phe

Gly

Asn

Lys
220

Ile

His

Gly

Trp

Arg

Lys

380

Phe

Leu

Cys

Ser

460

Leu Phe

Asp Glu

Lys Phe

270
Pro Gly
285

Trp Trp

Ile Trp

Ile Arg

Leu Val

350
Arg Val
365

Met Ala

Ile Leu

Trp Thr

Gln Leu

430
Asp Ile
445

Met Asp
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Thr Trp

Leu His

240

Arg Val

255

Cys Glu

Thr Thr

Leu Asp
320

Asp Val

335

Thr Thr

Lys His

Thr Phe

Ser Arg

400

415

Val Leu

Gly Gly

Leu Leu
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Val

465

Lys

Tyr

Pro

Val

Arg

545

Trp

Lys

Pro

Arg

625

Ser

Val

Thr

Lys

Lys

Lys

Tyr

Val

Tyr

Ser

Leu

610

Tyr

Arg

Ser

Met

Ile

690

<210>

Tyr Tyr

Thr Asp

Glu Lys

500
Ile Tyr
515

Arg Pro

Glu Asp

Ser Lys

Asn Tyr
580
Thr His

595

Asp Asn

Lys Ile
660
Gln Asn

675

Ala Leu Ala Leu Phe Phe Pro Phe Tyr

485

Val

Ser

Leu

565

Trp

Asp

Tyr

645

Thr

470

Lys

Leu

Phe

Tyr

550

Asn

Leu

630

Val

Val

Tyr

Asp

Tyr

535

Met

Ser

Pro

Leu

615

Ser

Asp

Val

Thr

Leu

520

Val

Arg

Thr

Lys

Asp

680

Asn Leu Glu Leu Gln His

3

695

Glu

Val

505

Phe

Leu

585

Tyr

Val

Ser

Leu

Ser

665

Lys

His

Pro

490

Lys

Val

570

Leu

Tyr

Ser

Thr

650

Lys

His

475

Val Phe Leu

Leu Arg Tyr

Ser Glu Lys
525
Asp Asp Asp

540

Tyr Leu Leu
555

Thr Leu Pro

Asn Gly Lys

Arg Glu Gly
605

Gly Glu Thr

620
Ser Asn Glu
635

Ile Thr Ser

His His His

700

Arg

Pro

Lys

510

Asp

Tyr

Arg

Ser

590

Ser

Ser

Val

670
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Ser

Asp

495

Phe

His

Met

575

Val

Phe

Lys

Lys

655

Glu

Arg

His

480

Tyr

Leu

Pro

Tyr

Pro
560

Lys

Val

Lys

Phe

640

Pro

Lys

Gly
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<211>

<212>

<213>

<400> 3

Met Gln Thr
1

[le Gly Glu

Ser Ser Asn

35
Gly Asn Lys
50
Ile Gly Leu
65

Tyr Val Met

Pro Leu Tyr

Ala Thr Gly
115
Gly Leu Glu
130
Val Glu Phe
145

Lys Tyr Thr

Phe Gly Tyr

Val Glu Leu
195
Val Phe Leu

210

701

PRT

Ile

Pro

20

Lys

Val

Tyr

Val

100

Tyr

Glu

Tyr

Met

180

Val

Asp

Sulfolobus

Lys

Phe

Ser

Asn
85

Ser

Phe

Tyr

Val

Leu

165

Asp

Ile

solfataricus

Ile Tyr

Pro Pro

Leu Ser Glu

40
Val Glu Lys
55
Lys Ala Phe
70

Val Asp Ala

Ile Pro Leu

Phe Asn Ser

120

Asp Lys Val
135

Ile Glu Gly

150

Thr Gly Lys

Ser Arg Tyr

25

Leu

Ser

Phe

105

Pro

Pro

Ser

185

Glu Asn Lys Gly Val Tyr

10

Ile Glu Phe Pro

Gly Leu

Leu Asp

Leu Asp
75

Ala Tyr

Ser

Ser Lys

Val Thr
Arg

155
Phe Leu
170

Tyr Tyr

Ile Met Gln Lys Glu Gly

200
His Tyr Met

215

Lys

Leu Glu Gln
30

Thr Ile Val

45
Leu Lys
60
Arg Lys Arg

Lys Lys Tyr

Val Lys Asp

110

Val Ile Phe
125

Ile Pro Glu
140

Glu Asp Val

Pro Pro Met

Pro Gln Asp

190
Phe Arg Val

205

Val
15

Lys

His

Lys

95

Gly

Asp

Asp

Leu

Trp

175

Lys

Ala

Asp Ser Tyr Lys Leu Phe Thr

220
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Val

Arg
80

Asp

Val

Val

Ser

Glu
160

Val

Gly

Trp
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His Pro Tyr
225

Lys Arg Asn

Asp Gln Asn

[le Glu Ser
275
Val Tyr Pro
290
Leu Ile Ser
305

Met Asn Glu

Leu Ser Ser

Phe Pro Asp

355

Glu Lys Val
370

Lys Gly Phe

385

Ala Gly Tyr

Asn Thr Pro

Gly Leu Ser

435

Phe Gln Gly
450

Val Lys Tyr

Arg Phe Pro Glu Pro Lys Lys

Val Lys

245

Tyr Ser

260

Asp Phe

Glu Trp

Pro Thr

325
Leu Pro
340

Asn Val

Arg Asn

Arg Thr

405
Ser Trp
420

Ile Ser

Arg Asn

Tyr Ala

230

Leu Ile

Pro Phe

Leu Phe

Phe Arg

295

Leu Ser

310

Asp Phe

Val Gln

Val His

Ala Tyr

375

Ser His

390

Ile Gln

Asp Asp

Gly Val

Phe Ala

455

Leu Ala

Thr Ile Val

250

Leu Ser Gly
265

Val Gly Lys

280

Glu Asp Thr

Gln Gly Val

Ser Arg Ala

330
Phe Arg Asp
345
Tyr Leu Arg
360

Pro Leu Tyr

Arg Asn Glu

Arg Tyr Ala
410
Leu Lys Leu
425
Pro Phe Val
440

Glu Ile Asp

Leu Phe Phe

Leu Ile Asp Glu Leu His

235

Asp His Gly

Met Gly Lys

Met Trp Pro

285

Arg Glu Trp
300

Asp Gly Ile

315

Asp Arg Leu

Gly Lys Arg

365

Glu Ala Met
380

Ile Phe Ile

395

Phe Ile Trp

GIn Leu Gln

Gly Cys Asp

445

Asn Ser Met
460

Pro Phe Tyr

Ile Arg

255

Phe Cys

270

Gly Thr

Trp Ala

Trp Leu

Arg Asp

335
Val Thr
350

Val Lys

Ala Thr

Leu Ser

Thr Gly
415
Leu Val

430

Asp Leu

Arg Ser
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240

Val

Thr

Asp
320

Val

Thr

His

Phe

Arg

400

Ser

Leu

Leu

His
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465

Lys

Tyr

Pro

Val

Arg

545

Trp

Lys

Pro

Arg

625

Ser

Val

Thr

Lys

Lys

Tyr

Val

Tyr

Ser

Leu

610

Tyr

Arg

Ser

Met

690

Thr Asp
Glu Lys

500
Ile Tyr
515

Arg Pro

Glu Asp

Ser Lys
Asn Tyr

580
Thr His

595

Asp Asn

Lys
660
GIn Asn

675

Ser

Leu

565

Trp

Asp

Tyr

645

Thr

Lys

Leu

Phe

Tyr

550

Asn

Leu

Val

Tyr

Asp

Tyr

535

Met

Ser

Pro

Leu

Ser

Asp

Val

Thr

Leu

520

Val

Arg

Thr

Lys

Asp

680

Asn Leu Glu Leu Gln His

695

Glu Pro
490

Val Glu

Phe Gln

Gly Lys

Leu Val

Val Tyr

Ser Ser
Leu Thr

650
Ser Lys

665

Lys

His His

475

Val Phe Leu

Leu Arg Tyr

Ser Glu Lys
525
Asp Asp Asp

540

Tyr Leu Leu
555

Thr Leu Pro

Asn Gly Lys

Arg Glu Gly
605

Gly Glu Thr

620
Ser Asn Glu
635

Ile Thr Ser

Glu Ile Gln

Asn Gln Lys

685

His His His

700

480

Pro Asp Tyr
495

Lys Phe Leu
510

Gly His

Pro

Asp Met Tyr

Tyr Ala Pro

560

Arg Gly Lys

575

Ser Val Val
590

Ser Ile

Ser Phe Lys

Ile Lys Phe

640

Glu Lys Pro
655

Val Glu Lys

670

Ile Arg Gly
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