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‘、町

A 

B 

J 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 77 18 79 20 
Ac-Met-Glu-Glu -Lys-Leu-υf$-Ly宮-Ser-Ly宮町/Le-II e -Pfle -Val-Val-Gly-Gly-Pro -Gly-Ser-Gly・

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 
Lys-Gly-Thr-Gω-。宮・Gω-lys-lIe.-Val-Gln -~ーら".-6，ケール'r-Thr -His-Leu-Ser-Thr-Gly-

G1 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
Asp-Leu-Leu-Arg-Ala-Glu-Val-Ser-Ser-Gly-Ser-Ala-Arg-Gly-L.戸 -Met-Leu-Ser-Glu-lle 

~~~~~~~~~ronnn~~~n~~w 
Met-Glu-Lys-G，炉Gln-Leu-Val-舟刀・Leu-Glu-Thr-Val-u:u-Asp-Met-Lωーんy-Asρ叫la-Met-

mu~.~~~~~~m~~~~%~~~ 印
刷 -Ala-Lys-Val-Asp-Thr-Ser-Lys-Gly-Phe-Leu-/le司 Asp-Gly-Tyr-pro -Arg-Glu -Val-Lys -

101 702 703104 105 106 幻7108 109 110 111 112 113 114 115 716 117 718 719 120 
Gln-例y-Gω-Glu-Phe-Glu-Arg -Lys-/le-Gly-Gln -Pro-Thr-Leu-LωーLeu-Tyr-Val.-Asp-Ala-

121 722 123 124 7，お 126127 128 129 130 131 132 133 134 135 136 137 138 139 140 
GIy-Pro-Glu-Thr-Met-Thr-Lysール-g-L即-Leu-~-Arg-Gly-Glu- Tñr-Ser-Gケー必y-Val-Asp-

141 142 143 144 145 11.6 147 148 11.9 150 157 152 153 154 155 156 157 158 159 160 
Asp -Asn-Glu-Glu -Thr -lIe-Ly宮ーLy吉弘rg-Leu-Glu刊 r-Tyr-Tyr-Lys-Ala-Thr-GωーPro-均ト

161お'2 163 1~ 165 166 167 168 169 170 171 172 m 174 175 176 177 178 179 180 
lIe-Ala-Phe-砂r-Glu個々宮町AIヲーGIy-lIe-Val-Arg-Ly冨-Val-Asil-Ala-Glu-Gly-Ser-Val-Asp-

181 182 183 184 185 186 187 188 189 190 191 192 193 194 
Asp -Val-Phe-Ser-Gln-Val-Cy宮ーThr-His-Leu-Asp-Thr-Leu-Lys

10 20 

Ac-Met・Glu-Glu・Lys・Leu-Lys-Lys・Thr・Lys・lIe-lIe・Phe-Val-Val-G Iy-Gly-Pro-Gly-Ser-Gly-Lys-Gly-
30 - 40 

Thr-Gln-Cys-Glu-Lys-lIe-Val・Gln-Lys-Tyr-G Iy-Tyr-Thr-H is-Leu-Ser-Thr-Gly-Asp-Leu-Leu-Arg-
50ω  

~-Glu-Val-Ser-Ser・Gly-Ser幽Ala・Arg-Gly-Lys-L~-Leu-Ser-Glu・lIe-Met-Glu・Lys・Gly-Gln-Leu-
70 80 

Val-Pro・Leu-Glu-Thr-Val-Leu-Asp-M et -Leu-A rg-Asp-Ala・Met-Val・Ala・Lys-Val-Asn-Thr-Ser-Lys-
90 100 一一一 110 

Gly-Phe-Le怯lIe-Asp-Gly-Tyr-P時A母Glu-Val-Gln-GI凶Iy-Glu-Glu-Phe-Glu-Arg-主~-lIe-Gly・
120 130 

Gln-Pro・Thr・Leu-Leu-Leu-Tyr-Val・Asp-Ala・Gly・Pro・Glu・Thr・Met・Thr企!8.-Arg・Leu-Leu-Lys・
1~ 150 

Arg-Gly-Glu・Thr-Ser-Gly-Arg-Val-Asp-Asp-Asn-G lu・Glu・Thr・lIe-Lys・Lys-Arg-Leu-Glu・Thr・Tyr-
160 170 

Tyr-Lys-Ala・Thr・Glu-Pro-Val-Ile-Ala-Phe-Tyr-Glu・Lys-Arg-Gly-I1e-Val・Arg-Lys-Val-Asn-Ala・

180 190 
Glu-Gly-Ser-Val-Asp-GI止Val-Phe-Ser-Gln-Val・Cys-Thr-His-Leu-Asp企，!!-Leu-Lys・

Fi g. 1. Amino acid sequences of adeny1ate kinase from A， 

musc1e. porcine (Hei1 et a1.， 20) and B， human (von Zabern et旦1.，21) 

Amino acid substitutions in human enzyme are indicated by bars. 
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N 

Fig.3 Stereo drawing of polypep-
tide chain of adenyl kinase. Co:-
atom positions are marked with 
circles. N and C termini as well as 
some residue numbers are inserted. 
In the et民trondensity map the 
chain fades out between residues 
137 and 141 in an exposed region 
on白esurface of the molecule. 
This stretch of chain， howeyer， is 
stron写lyconnected in the 6A map 
and in an intermediate 4 A map. 

20 

Fig. 2 Structura 1 cartoon of 
AK. Helices are given as 
cyl i nders and戸田pleatedsheet 
strands as arrows. Active 
site， ATP and AMP are shown. 

(Schulz旦主主!と， 22) 



Fig. 4 Sequenωof adenyl kinase 
in one letter notation . Residues 
involved in helical structures and 
in the pleated sheet are drawn with 
heavier circles. The diagram in'・
di伺 tesroughly the chain fold. The 
orientation of the molecule co町'es-
ponds to that shown in Fig. 2. 
Helix 23-30 is above the plane of 
the paper and helices 1α}・107and 
144-164 are below. 

(Schulz主主主1.，22)
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Fig. ，5. Sephadex G・50 chromatography of CB-fragments of 
adeny1ate kinase from porcine ske1eta1 musc1e. Who1e CB-
fragments mixture (50 mg) was applied to a co1umn (2.4_x 228_ cm) 
of Sephadex G・50equi1ibrated with 0.1 N acetic acid. The co1umn 
was eluted with 0.1 N acetic acid at a f10w rate of 17 m1/h and 
fractions of 5 m1 were co11ected. 
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Fig. 6. SP-Sephadex C-25 chromatography of CB-fragments of 
adeny1ate kinase from porcine s:ke1eta1 musc1e. Who1e CB-
fragments mixture (50 mg) was app1ied to a co1umn (1.2 x 10 cm) 
of SP-Sephadex C-25 equi1ibrated with 20 n制 morphorinopro-
panesu1fonic acid buffer， pH 6.5. The material was e1uted with a 
1inear gradient of NaC1 (O -0.3 M) at a flow rate of 25 m1/h. 
The fractions of 5 m1 were co11ected. 一一一， absorbanceat 
230 nm; --ーーー， concentration of NaC1. 
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機綴義語

a b C d 

Fig. 7. Polyacrylamide gel electrophoreses (PAGE) of CB-
fragments purified. PAGE was performed in 15完 ge1at pH 4.0. 
(a) CBb (2-56); (b) CBb (2-5 
(d) CBfC (126 同斗194). 
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wel1. V~rious' concentrat~ons õf-125I~iãbIÚled ---goai--ant1body 
solution {~~!ooq cpm! ~O P!~ ~ere~added_to we11~ an~ incubate~_at 
r.t. or 40C for 0.5圃 24h. Percentages of adsorbed radio-
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Tab1e 2. Adsorption of protein to po1yviny1 microtiterp1ate we11 

マime(h)
conc. " temp. 

0.5 2 8 24 added 

0.3 JJgjm1 
40C n.d. 5.4((603) } 6.1((68} ) 6.7((78) ) 9 ng r.t. 4.3 (48) 5.7 (6 5.9 (66 7.6 (86 

4.2 }Jg/m1 4
0C n.d. 81((64) ) 126 ng r.t. 55 (43) 81 (64 85 (67 84 (67 

53 pg/m1 
40C n.d. 220((14) ) 250((15) ) 1 .6 fJg r.t. 240 (15) 220 (14 300 (19 270 (17 

1.0 mg/ml 
40C n.d. 560((1.7) ) 450((1.5) ) 630((2.0) ) 30μg r.t. 420{ 1.4) 650(2.2 570( 1.9 480( 1.6 

Va1ues are expressed in nanograms. 
Proport i ons (adsorbed/ added) a re i n parentheses.¥ 
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Fig. 12. Ge1 chromatography of fragme~~ m~xture ob~~i~e~ by 
NTCB-c1eavage of AK. Fragment ~ixture (9 mg) was ~pp1.i.ed t? a 
Bio-Ge1 P-1O co1umn (1.8 X 10 cm) equi1ibrated with 0.1 M acetic 
acid. Conditions of chromatography were as fo11ows: solvent， 
0.1 M acetic acid; f10w rate， 5~4 m1jh; fraction size， 3 m1jtube. 



Tab 1 e. ，2. Amino aad・'COmpositionof血.cfrag・
meat l-240f pordm maduesneylfla-te kim誕 from

slcclctal 

1-24 

Amino aad 
residuc Found 百lCOry

Asx 0.08 o 
百lr 0.92 
Ser 1.72 2 

Glx 3.14 03 

Pro 1.11 
Gly S.ω 5 

Ala o o 
Val

目

1.57 2 

Mct 0.97 
IIc 1.36 2 

Leu 1.14 
Tyr .0 o 
Phc 1.02 
Lys 4.63 5 

His o o 
Arg o o 

Total 22.

“ 
24 

aHydrolysis was donc in 6 M HO at IlOoC 

for 22 hr undcr vacuum. 
bValu白 arcmolar ratios with陀spcctto 

glycine邸 S.
CHcit -~I 01. (2U) 
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Fig. 17. niree-dimensio'na1 structure (ol.-'carbon) of AK(22). 
Threee. sequences ~ 2-7 ~ 103-108 and143・148"wereindicated by 
arrows. 

8-6 



1 -8 

102-109 

N 

142-149 

.15 LYl 

Fig. 18. Stereo drawing of the sequences. 1-8， 102-109 and 
142-149;n the crystalline AK molecule. The acid;c and basic 
amino acid side chains， which push out from molecular surface to 
outside， are colored in blue and red， respectively. 
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Table 3. Hydrophilicity values 

Amino acid 

A培i凶ne
Aspartic acid 
Glutamic acid 
Lysine 
Serine 
As抑ragine
G1utamine 
G1ycine 
Proline 
Threonine 
Alanine 
Histidine 
Cys民ine
Methionine 
Valine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Tryptophan 

s，* kcal/mol Hydrophilicity value 

3.0 3.0 
2.5 3.0 
2.5 3.0 
3.0 3.0 
0.3 0.3 
0.2 0.2 
0.2 0.2 
0.0 0.0 
-1.4 0.0 
-0.4 -0.4 
-0.5 -0.5 
-0.5 -0.5 
-1.0 -1.0 
-1.3 -1.3 
-1.5 -1.5 
-1.8 -1.8 
-1.8 -1.8 
-2.3 -2.3 
-2.5 -2.5 
-3.4 -3.4 

* Solvent parame旬rvalues assigned by Levitt (6). 

From Hopp & Woods， (2). 
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Fig. 19. Hydrophi1icity ana1ysis of AK. The six residue 
hydrophi1icity averageis 1isted opposite the 1ast amino acid of 
~he group. Therefore， the hydrophi1isity average at n-th residue 
(l.主 fromresidue n圃 5-ton) wl11 be gi ven as: 

n 
削 rophi1isity倒的伊(n)= 1/6x 1525Ht 

where Hj represents the own ryYOrophi1isity value of amino acid 
residue"given by Hopp & Woods (2). 
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Tab1e 5. NH2・groupsor COOH田 groupsof 1-24 
before and after the chemica1 modification 

NH2-9roup* COOH-group安*
before after before after 

5 0.0 3 0.52 

* by TNBS method 
** by amino acid ana1ysis 
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Inhibitors 

125 Fig. 22. Inhibition of the reaction between l~vI国CBb and anti-
CBb by chemica11y modified 1由 24. A fixed amount of antibody 
solution was coated to po1yviny1 microtiterp1ate w~À~ and 
incubated with each fragment at various concentrations.ι;)I・CBb
was then added and incubated overnight. The radioactivity bound 
was counted. Inhibitors: ・)1-24; (d) succini1ated 1-24; (0) 
amidated 1-24. 
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Amino acid compositions of chymotryptic 
peptides of the fragment 1-24 

Tab1e 6 • 
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Hydro1yses were done in 6 N HC1 at 1100C for 22 h under vacuum. 
Va1ues are mo1ar ratios with respect to pheny1a1anine， methionine， 
glycine or glutamic acid. 
Va1ues in parentheses are numbers expected from their sequences 
(Hei1 et a1. (20)). 



411.2 

3111-JU4仁川.":[日一けい14-JJ位三flJJ5-1l
!企起工JhjJL11-1hιz ι ら tfy:~F 2J L~壬EL1J121Ll

J き pH~L q.ll~ : \司椛 1:=: 包主主弘し f~ t.:_主)壬{十一任-i

l三一元 11irτ 下型 ι-下九 五， ~ .0.~_ F ~.1.. _~.ì2_:竺-

5:晶今 ι/か一一り、 btq 主 恥ら Il:. 乞の ?刊しJJEE;:但(だ!
打、~. "C子¥ 1 (J:プ ¥2... J. 下Z乙ヒ七日 .J.!ムム L-EE
1 ~ 1三(寸O-bl乙ワ) 0 

ぞら一一¥-2牛の守王ト il-713Jf-7ぺ

亙三t'1主:t :週'.r¥，.'主(杢:i-d-"江) 七 二一三一トーり-..r~土じり i竺(

制 10' 7と全日フラ j 竺ーン ι 仁毛~~.'.~

一ι~...fJ::_..~..7 . 1-• c?れL¥-vリ.!=.?::1.~_.:{71~Ll...:全ju

l魯:瓜\1 主持~:r:- . ( (.トザ)十 (6-り十:(1')'-之の主:EfFJ!
_(i__ lモJ:.!_.L~げ)- 1 日 UlT-j什一回..1.J)~当
.J-~~L 煙室立，11-Eーを!一定い !-_.:...LJ三lzj-11L三日-i

15 (J)但針金?htt斗命令 l乙 l玄 也九

い 主一単 沌 ? 三芳羽史動11 1安是 し T::.. 'c. き 句 ¥再戸陣? 電 ミ王.O'，¥生生一 の :玉示!巳字 L以T式A一一一Lιl

if }空手芥主i- 隆 3手~~王，'ì. 12Y'吋Y竺←邑注却忍!めう小下 q Lがし し _L.d三笠-2J
上¥-汁 iF-4Lベ L ~/\ 主 l エ\00 IV ¥ 000 ~もり!住カじ1iEL
イ色 《 Z つ グ1

tl、包の 示。キ主主
5 

(20 x 20) 

ぅ良令均 1玉、

。、 予且 lき を ー
t下
10 

洋 地白奇の包恥ぞt れのうも!

ヰ|二司~\( 1;' I) ¥ 三五 g l 



113-

Aminoaci-dωmposi土iωsof chymotryptic 
peptides of the fragment 1-24 

Table 7 • 
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Hydrolyses were done in 6 N HC1 at 1100C for 
22 h under vacuum. 
Values are mo1ar ratios with respect to 
phe~ylalanine ， ()r_.glutamic acidト
Values in pareritheses are numbersexpected 
from their sequences (Hei1主主主主.(20)). 
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Fig. 25. Inhibition of the reaction between 125I-CBb and anti-
CBb by chymotryptic fragments of 1-24. A fixed amount of anti-
CBb was coated to polyviny1 microtiterp1ate we11 and incubated 
wi th each fragment and mi xtures: (0) 1-24; (e) 1-5; (ロ)6-12; 
(・)13-24; ，企)1-12; (d) 6-24;ぬ')1-12 + 13四 24;(xL 1::5 + 6-24; 
(+) 1-5 + 6斗2.+ 13-24 at various concentrations. . 125I-CBb was 
then added and incubated over‘night. The radioactivity bound was 
counted. 
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