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> BEIESER ARUR) p.59

> pUC119 MIEEEFIR p.60 ~ p.64
> HIPREERIERHERS— 5 - HIPRBERIEEBOAIERIGLE v p.65 ~ p.68
> EREEBN=aTIL p.69 ~ p.73
> DFEYZERE p.74 ~p.82

(D BEORIE. BHITTH—MELP FERILPREA) XU TaKaRa EGFIERGAIF (RES) AL5IAL

BEXE

BT IRIERIE :
Voet, D. and Voet, 1.G. (1995) "3 — k 4AE% (#5248 (LF)", HEEHMER, HFHLFRA

(BHEREAHEN TS, HEMEORERLH5. )
J.D.Watson, N.H.Hopkins, J.W.Roberts, J.A.Steitz, and A.M.Weiner (1987)

"7 Y BMETORTED T (B, RER— IR 1988) & v/3y, HOT

(RE, 95 AR E NI, )
Sambrook, J., Fritsch, E.F., and Maniatis, T. (1989) "Molecular Cloning", Cold Spring Harbor Lab. Press
kIR, (FEFTRN), "N RS TR R LA 7y R, A

1. FTHEMFIIROIERE (1995)

2. BIZTRHTOIERE (1995)

3. ABIZE XS PCR (1996)

(% THLERTO, TOMDAIREE < HHINT:3)






EEEERS
B = & %
U Cc A G
UUU Phe UCU Ser UGU Cys U
u | UUC Phe UCC Ser UGC Cys C
| UUA Leu UCA Ser UGA #ik A
| UUG Leu UCG Ser UGG Trp G
CUU Leu CCU Pro CGU Arg U
c CUC Leu CCC Pro CGC Arg C
i CUA Leu CCA Pro CGA Arg A
| CUG Leu CCG Pro CGG Arg G
AUU lle ACU Thr AAU Asn AGU Ser U
A AUC lle ACC Thr AAC Asn AGC Ser C
’ ‘ AUA lle ACA Thr AAA Lys AGA Arg A
‘ AUG Met" ACG Thr AAG Lys AGG Arg G
T
| GUU val GCU Ala GAU Asp GGU Gly u
G GUC Val GCC Ala GAC Asp GGC Gly C
GUA Val GCA Ala GAA Glu GGA Gly A
GUG Val GCG Ala GAG Glu GGG Gly G
1T AUG I4B3#AT FIc b ABMet BEN I F 2B,
7 1/ BOWBS (—XFREL =EXFE
A Al M Met xFAz>
B Asx N Asn  PRANSEL
c Cys P Pro  7our
D Asp Q Gn T
£ Gl R Ag T
F Phe S Ser &Y
G Gly T The bl
H o His Voval AU
[ W Trp  RUTETr
K Lys Y Ty Foo
L Leu Z Gk UAFIVEELILYIVE
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1600
TGCACACAGC

EEE pUCT119 D3RS

90 80

CCAGCTTGGA GCGRACGACC

1
TA

1550

CACCGARC ACAGCGTGAG
T

ACGTGTGTCG

0
ACAGGTATCC
TGTCCATAGG

1400
CCTCTGRCTT
CGAGACTGRA

1300
TGECCTTTTE

ACCGGRRAAC

0

1201

GGTCGAACCT CGCTTGCTGG

1480

GGTAAGCGGC AGGGTCGGAA

»

STGGCTTG A TGTCGCACTC

1520
TCCCGRAGEE
AGGGCTTCCC

1510
AGRARGGCG
TCTTTCCGCT

1540
CTATGAGAAA

GCGCCACGET
ATACTCTTT CGCG!

CGGTGCGA

1430
GTATCTTTAT

1410

AGTCCTGTCE GETTTCEC!

CCATTCGCCG TCCCAGCCTT
1380

TTTTET
anan

1390
GAGCGTCGAT

CTCGCAGCTA

el

1280
crTTCCTRCE
GRRAGGACGC

1290
CTCACATETT
GAGTGTACAA

1180

TGAGCGAGE

1190

CAGCGRAGTCA

CACTAC GA

GTCCTCTCGC GTGCTCCCTC

2
i
@
I3

eTCCCe
1370
cTCeTCAGEE

GCAGTCCC

1360
GEECEGAECC
cceaeereae
1270 1260
TCCCCTE ATTCTGTGEA
TARGACACCT

1250
TARCCGTATT
ATTGGCATAA

1170

1150

1160
SCGGAAGA GOGCCCANTA CGOAAACCEC

GCTGECTCRC

1100
CGACAGGTTT

GCTGTCCARA

1000
GCTCQTATET
CGAGCATACA

200

GAGGATCCCC
CTCCTAGRES

800
ATCCCCCTTT

TAGGGEGARA

700
TTTTCTCCT
ARAAGAGGRA

600
TTACGCGCAG
ARTGCGCGTC

500

AGCTCTAART

200
GCTATTCTTT
CGATAAGARA

200
AACGTTTACA
TTGCARATGT

100
CGRGCTTETC

GCCCGRACAG

CTCGCTCAGT CACTCECTCC
1080

AAGCGGECAG
TTCGCCCETC

1090
CCCGACTGGR

GGECTGACCT

280
TGTGAGCEGA
ACACTCGCC

TGGAAT
ACCTTR
880

CTCGAATTCA
GAGCTTAAGT

830
GGGTACCGAG

CCCATGGCTC
750
CGCCAGCTEE

GCEETCGACT

50
CGCATCTGT
GCGTAGACA

GCGGTATTTC

CGCCATARAG

550
CGTGACCGCT

GCACTGGCGA

GTGAACGGT

430
CTTTAGGGTT
GARATCCCAA
280

T TCGCCCTTTG

AGCGGGAAAC

280
GGGATTITGC
CCCTARRACG

190
ATTTTATGGT
TARAATACCA

180
GCACTCT!

CGTGAGA

90
TGCTCCCREE
ACGAGGGCCG

TTCGCCTTCT CGCGRGTTAT GCGTTTEECE
1070
TGAGCGCARC

ACTCGCGTTG

1060
GCRATTARTG

1050
TGRGTTAGCT
ACTCARTCGA

970
TARCARTTTC
ATTGTTARAG

950
CAGCTATGAC
GTCGATACTG

TETGTCCTTT

850
TTTTACAACG

AARATGTTGC

850
TCGTGACTGE

concTen

CATAGAAATA TCAGGACAGC

CCARAGCGGT
1320
TACGETTCCT

ATGCCRAGEA

1310
GECCTTTTEC
CCGGRARACG

1330
GCGECCTTTT
CGCCCGARAR

1230 1220
L TACCGCTCGC

ATGGCGAGCG

1210
cecagec

GCGTCGECTT

ACCGCCTTIG

TEGCCGARAC

a
@
&

AR

AGTGRGCT!

1130
GeeTTERCCE

cecanccaac

1120
ATTCATTAAT
TARGTAATTA

1110
GCAGCTGGCR
ceTceacceT

creTecceae

GAGAGGEGCE

1030
GCACCCCAGE
ceTeeaeTCC

1020
CTTTACACTT
GARATGTGAR

1010
TATGCTTCCG
ATACGRAGGC

104
CACTCATTAG
GTGAGTAATC

930 B
CCAAGCTTGC ATGCCTGCAG
TACK

20 910
GTCGACTCTA

CAGCTGAGAT

940
CATGATTACG
GTACTRATGC

GETTCGAACG GACGTC

830
GCGTTACCCA

cnnTEGET

840
GARAACCCTG

CTTTTGEGAC

750
CACCGATCGC
C GTGGCTAGCE

50
CCTTCCCAAC

GERAGGETTG
650

CARAGCA
CAGTTTCGT

ACCATAGTAC
TGETATCATG

50

200

550
TTCGCTTTCT

730
CCTGAATGGC
GGACTTACCG

740
AGTTGCGCRAG
TCRACGCGTC

GAATGGCGCC

CTTACCGCGE

TGATGCGGTA
ACTACGCCAT

40
GCGCCCTGTA

ARGCGCGGCG

TTCGCGCCRE

530
GCGGCGCATT
CCGCETAR

GCCGH

GGTGTGGTGG

530
TCTCGCC:

510
TTCCCCGTCA

540

I

CGCGGRATCG GCGRARGA

TCCCTTCCTT

C

AGAGCGETGC AGGGGCAGT

450
ACCTCGACCC
GGAGCTGGG

CCGATTTAGT

GGCTARATCA

GCTTTACGGC

CGRRATGCCG

350
GTTGGAGT

C
TGCAACCTCA ATTATCACCT

270
CGATTTCGGT
GOTARRGCC

260
CTATTGGTT.

GATAACCAAT

250
AARAATGAGC
TTTTTACTCG

160
TCTG!
AGACTACGGC

TGCCE

AGTTARG

GACCGTCTC
AC

CGGGAGCTGC

GCCCTCGACG

—60—

TAATAGTGGA CT(

GTATCAATTC GG

420
ATGGTTCACG

TACCAAGTGC

410
TAGTGGGCCA
ATCACCCGET

140
CARARRACTT
GTTTTTTGAA

340
CTTGTTCC

330
ARACTGGRAC
TTTGACCTTG

320
AACACTCRAC

TTGTGAGTTG

TCTAT

AGATAGAGCC

GAGAA

240

230
RARATTTA
TTTTARATTG

TAAAAT
130

CACCCGCCAR
GGTT

120
CACCCGCTGA

GTGGGCGACT

CGCGCCCTEA

GCGCGGGACT

30
GETTTICACC
CCAARAGTGG

10
ARACGCGCGA
TTTGCGCGCT

ATGTGTCAGA

ACACAGTCT




ca
cr
3100 3090 3080 3070
TAGACGTCAG GTGGCACTTT TCGGGGAAAT GTGCGCGGAA
ATCTGCAGTC CACCGTGAAA AGCCCCTTTA CACGCGCCTT
3000 2990 2980 2370
CCTGATAART GCTTCARTAR TATTGARARA GGAAGAGTAT
CGACTATTTA CCTTCTCATA
2900 2890 2880 2870
TTTTGCTCAC CCAGAAACGC TGETGARAGT AAAAGATGC
GGTCTTTECE ACCACTTTCA TTTTCTACGA
2800 2790 2780 2770
CTTGAGAGTT TTCGCCCCGA AGAACGTTTT CCAATGATGA
GRACTCTCAR ARGCGGGGCT TCTTGCAARA GGTTACTACT
2700 2690 2680 670
ARCTCGGTCG CCGCATACAC TATTCTCAGA ATGACTTGGT
TTGAGCCAGC GGCGTATGTG ATAAGAGTCT ca

2580 2570
GTGATAACAC TGCGECCAAC
TATTGETACT CACTATTGTG ACCGCCGETTE
2490 2480 2470
CTCGCCTTGA TCGTTGGGAA CCGGAGCTGA
GAGCGEAACT AGCAACCCTT GGCCTCGACT
2400 2390 2380 2370
TGCGCAAACT ATTAACTGGC GAACTACTTA CTCTAGCTTC
ACGCGTTIGA TAATTGACCG CTTGATGART GAGATCGARG
2300 2290 80 270
GGCCCTTCCG GCTGGCTGGT TTATTGCTGA TAAATCTGGA
CCGEGARGEC CGACCGACCA AATAACGACT ATTTAGACCT
2200 2180 2170
CGTATCGTAG GACGGGGAGT CAGGCAACTA
GCATAGCATC AATAGATGTG CTGCCCCTCA GTCCGTTGAT
2100 0 2080 2070
CAGACCA AGTTTACTCA TATATACTTT AGATTGATTT
ACAGTCTGGT TCARATGAGT ATATATGARA TCTAACTARA
2000 50 1980 1970
CAARATCCCT TAACGTGAGT TTTCGTTCCA CTGAGCGTCA
GTTTTAGGGA ATTGCACTCA AAAGCAAGGT GACTCGCAGT
1890 1880 18
CAARARRACC ACCGCTACCA GCGGTGGTTT
TTTTTGG TGGCGATGGT CGCCACCARA
800 1790 1780 1770
AGATACCARA TACTGTICTT CTAGTGTAGC CGTAGTTAGG
TCTATGGTTT ATGACAAGAA GATCACATCG GCATCAATCC
1700 1690 1680 1670
AGTGGCTGCT GCCAGTGECG ATARGTCGTG TCTTACCGGE
TCACCGACGA CGGTCACCGC TATTCAGCAC

—61—

3160 3150 20 3120 o
A CGRRAGGGCC TCGTGATACG CCTATTTTTA TAGGTTAATG TCATGATAAT AATGGTTTCT
GCTTTCCCGG AGCACTATGC GGATARAAAT ATCCAATTAC AGTACTATTA TTACCARAGA
3060 3050 3040 3030 3020
CCCCTATTTG TTTATTTTTC TARATACATT CARATATGTA TCCGCICATG
GGGGATAAAC AAATAAARAG ATTTATGTAA GTTTATACAT AGGCGAGTAC TCTGTTATTG
2960 2950 2940 2930 2920 2910
GAGTATTCRA CATTTCCGTG CTTAT TCCCTTTTTT GCGGCATTIT GCCTTCCTGT
CTCATAAGTT GTAAAGGCAC AGCGGGAATA AGGGAARRAA CGCCGTARAA CGGARGGACA
2860 2850 2840 2830 2820 2810
GARGATCAGT ATCGRACTGE CGGTAAGATC
CTTCTAGTC?
2760 2750 2730 2720 2710
GCACTTTTAA AGTTCTGCTA TETGECGCGE TATTATCCCE TATTGACGCC GGGCAAGAGT
CGTGARRATT G CCGCECC ATAATAGGGC ATAACTGCGE CCCGTICTCG
2660 2650 4 2630 2620 2610
TGRAGTACTCA CCAGTCACAG AARAGCATCT TACGGATGGC ATGACAGTAA GAGAATTATG
CTCATGAGT GGTCAGTCTC TTTTCGTAGA ATGCCTACCG TACTGTCATT CTCTTAATAC
2560 2550 2540 2530 2520 2510
TTACTTCTGA CAACGATCGE AGGACCGAAG GAGCTAACCG CTTTTTTGCA CAACATGGG
RATGAAGACT GTTGCTAGCC TCCTGGCTIC CTCGATTGGC GRRARRACGT GTTGTACCCC
2460 2450 2430 2420 2410
ATGAAGCCAT ACCARACG 2 COBCGATGOC TETAGCARTG GOAACARCET
TACTTCGETA TGETTTGCTE CTCGCACTGT GETGCTACGE ACATCGTTAC CGTTGTTGCA
2360 2350 2330 2320 2310
CCGGCAACAA TTAATAGACT GGATAAAGTT GCAGGACCAC TTCTGCGCTC
GECCETTETT AATTATCTGA CCTATTTCAA CGTCCTGGTG AAGACGCGAG
2260 2250 2240 2230 2220 210
GCCGGTGAGC GTGGGTCTCG CGGTATCATT GCAGCACTGG GGCCAGATGG TAAGCCCTCC
CGECCACTCG CACCCAGAGC GCCATAGTAR CGTCGTGACC CCGETCTACC ATTCGGEAGE
2160 2150 2130 2120
TGGATGAACG ARATAGACAG ATCGCTGAGA TAGGTGCCTC ACTGATTAAG C2
ACCTACTTGC TTTATCTGTC TAGCGACTCT ATCCACGGAG TGACTAATTC G
2060 2050 2040 2020 2020 2010
ARAACTTCAT TTTTAATTTA AAAGGATCTA GGTGAAGATC CTTTTTGATA ATCTCATGAC
TTTTGAAGTA AAAATTAAAT TTTCCTAGAT CCACTTCTAG GAAARACTAT
1960 1950 1920 1920
GACCCCGTAG ARAAGATCAA AGGATCTTCT TGAGATCCTT TTTTTCTGCG
CTGGGGCATC TTTTCTAGTT TCCTAGAAGA ACTCTAGGAA ARAAAGACGC GCATTAGACG
1860 1 1830 1820 1810
GTTTGCCGGA CCAACTCTTT TTCCGRAGGT AACTGGCTTC AGCAGAGCGC
CARACGGCCT GGTTGAGARA AAGGCTTCCA TTGACCGAAG TCGTCTCGCG
1760 1750 1730 1710
CCACCACTTC AAGAACTCTG TACATACCTC TCCTGTTACC
GGTGGTGAAG TTCTTGAGAC ATCGTGGCGG ATGTATGGAG AGGACAATG
1660 1650 1630 1620 1610
TTGGACTCAA GACGATAGTT ACCGGATAAG GCGCAGCGET CGGECTGRAC GGGEGETTCE
AACCTGAGTT CTGCTATCAA TGGCCTATTC CGCGTCGCCA GCCCGACTTG




pUC119

[GENBTYX-MAC : Translation of Nucleotides into Amino Acids for
Thesis] BEe Ty s ax e VADPANR
Date 1999.11.28 AT R FVACIRELGSFIGC® N
Filenane + pocais 1R H S IGCLETLLPFYRNLRAMWE
quence Size  : 3162
Sequence Position: 1 - 3162 670 80 90 700 710 720
Translation Position: 1 - 3162; YAV *NTAQMREKTERTI®R?EHOQAPEF
XM R CEIPERCVRREKYRTIRERES
Genetic Code ¢ Universal Code ¢ GV EYRTDA-® NTAs Ga
AR KPS SPSPFPRQCHCSGS VIV W EPQAVTEEFPSREP?GRER A
R om TPV ESVELSERLRDEC M+ AAc S NPLAIRAPRKAIVG
RANREEREPGRUYCAAGEPS P * G N L SR LOQOQSPRDTRAEESHNR
COGTAAGTCCOACGCGTTGACAACCCTICCCGCTAGCCACGCCCGOAGAAGCGATAATGC
10 20 30 40 50 60 30 40 780
S RVSVMTVEKTSDRTCS SRR AT oA B F G L r AT
R oA F “ R+ kK PLTEAAPGDGHE PP RLRNCWEGRSYVRASS L L
RreDpDaENTL eLrE TV T = s AT RcorE LR YYA
A QR YASAPLLCAR Ae oz L QR P EPSTScCRP S +T R x o
5 T QLR IGEPASLGTLARG®RTHN A» s L e 1EQ I L NP LALTERG
LK DT L PERSCVLGDEPR®TLERE WS ATPPREAALRNLGQTVG
70 80 50 100 110 120 790 500 810 820 830 840
QL v c x AD K PVRAR v P AGERGHNCC 3 G N ARV P
s L s Vs GCREQTS®PSGRYVSGC QL AKGGCAARRLSW¥YVTRPGFS
AcoLovoa csRQARGQGASAGY s LRI “ Ve v e o®
2 e E R P Q . A 1z s Lt PRRGTPELETGERSGR
22 e AP KV IR LN Y Qs BV * VvV NCYPS PWEHETIRARTYGERTIR
@R 7D P s A s EH P MLASQYVS LA WD RROLVYVALSNGES?®2YVRE2D
mAC GaTCacTac: \CTTAAGCTCGAGCCATCOGCCCCTAGEAG
130 140 150 160 170 180 860 880 850 900
LAGYVGAGLTMNREGOGSRTLTY PV oT “ N D . Y e o1
WRYVSGLA®*LCGIRADCTES A& s RRCEKTTASEPELGTERGSS
GG cRGWLNYAASEQTYVLRYE s E oD v RRPovoN s @D e oL
L T XN TN ANFERQ*I s D varnca AYDpEDYSNGTH
M PN YUVNTINGQ®*PERG IKTLDEA LR GAPMCAQRL® Lo KR E S
G Y P QLR *YKTLIRTLNE . T IMTMATEOQT
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I. 7HZEQ/N) > KO- L%

v HHIREEE

ACGT | AGCT | ATAT | CATG | CCGG | CGCG | CTAG | CATG

GTAC| TATA [TCGA | TaCA[ TTAA

et T
P

BT
| me1
1 o 1|
et
EEREE
[EERECE et
A
B3 p. BMWAEWREILE L,
I. 8EEN/NY L FO—LEDHT 3 HIREE
Not 1 GC | GGCCGC Asc 1 GG | CGCGCC
Pac1 TTAAT | TAA Fse I GGCCGG | CC
sfi 1 GGCCNNNN | NGGCC Pme 1 GTTT | AAAC
Sgf 1 GCGAT | CGC
s 1 GCCC | GGGC
V. ZOROHRER
1. EXESNANYL KO- LEBRT DHIRHE
Bgl 1 GCC(N). | NGGC
BstX 1 CCAIN)s | NTGG
sfi 1 GGCC(N). | NGGCC
Tth111 1 GACN | (N).GTC
n 1 GAA(N): | (N).TTC
2. XU FO-LTRVEFEEHT 3 HEHE
Bbv 1 GCAGC(N)s Mbo T GAAGA(N)s
CGTCG(N) s CTTCT(N),
Bsm 1 GAATGCN 4 Mnl T CCTG(N)»
CTTAC 1 GN GGAG(N),
Fok 1 GGATG(N): SfaN 1 GCATG(N)s
CCTAC(N)» CGTAG(N)s
Hga 1 GACGC(N): Tth111 1 CAAPUCA(N)
CTGCG(N)« GTTPYGT (N}
Hph 1 GGTGA(N)s Gsul CTCCAG
CCACT(N)» GAGGTC

Drall
NiaV/
Mst T
HgiE T
Snal

V. EROEREYE

'

Acel  GTAGAC
GTATAC
GTCGAC
GTCTAC

Ahal  GACGCC
GACGTC
GGCGCC
GGCGTC

AfiT ACACGT
ACATGT
ACGCGT
ACGTGT

!

Aval  CCCGAG
CCCGGG
CTCGAG
CTCGGG

- OEEEA DD > TV RVEIREE

CAC(N): | GTG
GGN | NCC

I N
CC | TNAGG
ACC (N).GGT
GTATAC
%7 BHIREE
'
Banl GGCACC
GGCGCC
GGTAGC
GGTGCC
BanI  GAGCCC
GAGCTC
GGGCCC
GGGCTC
o1 caaocA
CGGCCG
TGGCCA
TGGCCG
1
01 ACCGGC
ACCGGT
GCCGGe
GeceaT

1
GdiI ~ CGGCCG
TGGCCG

!
Hael  AGGCCA
AGGCCT
TGGCCA
TGGCCT

+

Hael  AGCGCC
AGCGCT
GGCGCC
GGCGCT

HgiA 1 GAGCAC
GAGGTC
GTGCAG
GTGCTC

4 1
Hinc T~ GTCAAC Xhol — AGATCC
GTCGAC AGATCT
GTTAAC GGATGC
GTTGAC GGATCT

Nsp7524 T ACATGC
ACATGT
GCATGC
GCATGT

4
NspBI ~ CAGCGG
CAGCTG
CCGCGG
CCGCTG

PPuM 1 AGGACCT
AGGTCCT
GGGACCC
GGGTCCC

_ tel |___fax e-mail
QDD | 06(348)3786_| 06(348)3833 | techosk@bio.toyobo.cojp
03(3660)4819] 03(3660)4951

echtky @bio.toyobo.co.jp
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2.8 kb

1.2 kb

Hindlll b)
HindIIL
+ BamH1 BamH1
HindIll BamHI BamHI | |
| ; 1 ]
0 1.8 28 31 4.0 kb
|+ 18| 1 0 —>|e—n| 409 —=| kb
0.3
1.8 kb 1.8kb
1.3kb
égt: 0.9 kb # 5 DNA %7 -F % HindW, BamHl, W% O R&%
o : T kity L (a) » oSy — 2k ¥ 5. Zoff
W s 1iS 1% DNA ORI & () 1203 d, Aidvilio lulg
0.3kb bt

EcoR1 » ZA8 DNA Wiy o# 4400 X BEiE. DNA (2 B DABEIMES TC
b2 T AR, EfRETLT, B0 O REE R,
F. P TRYKSE B 7=y bRk a) DNA
B, W@ e L, BAK 2 EEh Jitl, DNA Ok 2wl AR (5> 7z
Pittsburgh &> X &3z #7 ¢ ]

GAATTCGCG (12 bp T 5 Kk
BT ¥, MOmAE O TR
At g B s BEL (6 bR
5 [John Rosenberg, University of

4
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¥

YT 54t (X1, 1-liter) YT $5#h (x10, 5-liter)
BERET 3 2 5¢ BRETF X 250 g
polypepton 8¢ polypepton 400 g
NaCl 25¢ NaCl 125¢g
H,0 H,0
+NaOH (5:# pH 7.2 - 7.4) +NaOH (J#% pH 7.2 - 7.4)
total 1- lieter total 5- liter
(& : oy Mz, pHOERERVBERETS 1)
YT- BEXTL—+ 0%&E, 159 (15%) OEXEMZ 3,
L igHh (X1, 1-liter) 3xDIEH (x 1, 1-liter)
RT3 2 5¢g KH,PO, (MW 136.09) 3g (—22mM)
polypepton 10¢g Na,HPO, 12H,0 (MW 358.14) 26.5g (—74mM)
NaCl 5¢g (K725 10.5 g)
H,0 NH,Cl (MW 53.50) 3g (—=56mM)
+NaOH (B#% pH 7.2 - 7.4) glycerol (MW 92.09,d 1.26) 24 ml (= 0.33 M)
total 1- lieter polypeptone 10g
EERET ¥ 2 19
W%, ALRRE LTI O 2 Wil 7Rm
1MMgSO, (MW 12038) 1ml (= 1mM)

Terrific 1Eith

A BR (x1/09)
ERET ¥ X (Difco) 24 g

Tryptone (Difco) 12¢g
glycerol 4 ml
+H,0 900 ml

0.1 M CaCl, (MW 110.99) 1ml (= 0.1mM)

B &% (x 10)
KH,PO, 23049
K,HPO, 125.4 g
+H,0 #1000 m

A, B BBR 2 BH#%, AL, £ 19 KO BEIR 2MX %,
(= 2N &>T, BEBKOBEIT X 112k3)
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BEEFEEA B

1 M Tris-HCI (pH 6.8, 7.5, 8.0, or 8.8) (MW 121.14) 121.1 g /1000 ml

0.5 MEDTA (pH 8.0) (2Na, 2H,0, MW 372.24) 186.1 g /1000 ml
3M CH,COONa (pH 7.0) (3H,0, MW 136.08) 408.2 g /1000 ml
7.5 M CH,COONH, (pH 7.0) (MW 77.08) 578.1 g /1000 ml
1M MgSO, (MW 246.47) 245.6 g /1000 ml
50 mM CaCl, (MW 110.99) 5559 /1000 ml

10:1 A% (10 mM Tris-HCI (pH 7.5), 1 mM EDTA (pH 8.0))

50 mg/ml ampicillin (Na*) (X1000) in 70% ethanol
20 mg/ml chloramphenicol (X1000) in ethanol
5mg/ml tetracycline (X1000) in ethanol

100 mg/ml IPTG (isopropyl- 3 -D-thiogalactopyranoside, MW 283.30) in H,O
20 mg/ml X-Gal (5-bromo-4-chloro-3-indolyl- 3 -D-galactopyranoside, MW 408.64)

in dimethylformamide

DNA : ZHa—2¥ v EEREE

Tris-borate Buffer (x10)

Tris (MW 121.14) 60.75 g
HBO, (MW 61.83) 30.92 g
ETDA (MW 327.24) 3.73g /1000 ml

Aragose Gel or Running Buffer

+ ./ — agarose 07-15¢g
10 mg/ml ethydium bromide 5 ul
Tris-borate (X 5) 10ml /100 ml

(DNA /) Dye Solution
BTB 2.5mg

glycerol 5.0 ml
0.5 MEDTA 0.2 ml /10 ml
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DNA Minipreparation

)

—BUEE L2 RKBR 15 ml 2@ 0F2—7 (15m AD) ~BLT,

&l (12,000 rpmX 553) L VEHEL,
LR ELITIETS,

. BOBH
YERRIC GTE i 100 p1 &2 H0X, Bl (Vortex f£HT) L,
K ETwAEL

. 7AH, DNA —&8H{t, RNA AN E, BAZEM
eV 72 TOTIVHY SDS #i#k 200 11 AT,
Fa—T7% Wo Y& LTIV VBLUTHEFRL
(HLVHRIE, KIBEY /2 DNA 22 58T |
BEASERZ 2D, KENESZZL2HID5,
KRET, 5oMIBE,

. FH
7.5 M NH,Ac 150 u1 200X C HHIL,
Fa—T% WoLVE EFIZO2LK VELTHET S,

. AR (8- BRE) RE

&l (12,000 rppmX 10 537) K& Y BHEONEREZEDTRE,

DNA 2 &t L%, HlEoF 2 —T~\BT,

. DNA 0 isopropanol B
1T isopropanol 300 11 &N X,
T 1057 RIKE L T DNA 2 LR €,

@il (12,000 pmXx 1057) LT, DNA %4, L#%ET3,

. DNA® ethanol %%

[GTE &3]
1M Tris HCI (pH 7.6) 2.5 ml
0.5 MEDTA (pH 8.0) 2.0 ml
20% glucose 45 ml
H,0
total 100 ml

[7)v 7)) SDS il (fresh)]
NaOH (—4i1) #01g

SDS 0.1g

H,0 10 ml
[10:1 i)

10 mM Tris (pH 7.5)

1 mM EDTA

DNA D% VES 728912, 80% ethanol %% 1000 1 IIX T, #<HHPL,

@i (12,000 pmx 357) LT, E#EEIBTS,

. DNA D&%
BLI/NAL—F—T, DNA 2 HHREE2,

. DNA DBERE
DNA % 10:1 #if 100 p1 IZEH L,
THO—RFVERKINCT, WEEEET 5,



. CsCl DEERA @Rl

DNA Large Preparation

. &&

overnight culture 1- liter % &:0F 2 —7 (250 mI X 4 K) ~K L,
> (8,000 rpmx 10 53) XX VEHL,
EEETELITETS,

. BO%E

PORRIC GTE B 50 ml 2 0%, BEL, K LTwmH,
D, K ETRIET 5,

. BH, DNA —#A#{k, RNA MAAME, BAEM

UV F—2 30 mg ZMAT, 3073MKEST 2,

fED 72 TDOT IV F1Y) SDS #if 30 ml 21T,

Wo<K Y& BIrL, BOBEHIIRD Z L 2N DS,
(X512, pH RBMETT VA ) HEHET3)

5 TR,

. P

[CaiY N (OF:ED)

[GTE &&]
1M Tris HCI (pH 7.6) 2.5 ml
0.5 M EDTA (pH 8.0) 2.0 ml
20% glucose
H,0

4.5 ml

total 100 ml

[7)V ") SDS ¥ (fresh)]

NaOH 10g
SDS 03g
H,0 30 ml

3MERERT MY VA pH48) 25ml 2MAT, ®o<K D LBHFL, FHIT 3,

. B (F - Z8H) RE

& (8,000 rpmXx 10 77) WL VBREHL, LEEHLBLT 2 —T BT

. DNA®D T¥/—iKR

iz 2158 (KH) Ox¥ /- EMATDNA 2B,

. BIY /AR
Y% 10:1 ¥k 100 m IZEEAL, &0 (8,000 rpmX 1053) L,

LEEFRELT 2T NBLT, TEMERET S,

3MERRRTRY YA QH?) 10ml 2MZ, 2EROTY /) —IVEMZ,

&L (8,000rpm X 1047) LT, DNA 293,

. DNA® ethanol %%

100% ethanol % #J 1000 ml J1 X T, &AL (12,000 pmX 35F) L, DNA % ethanol THE .

. DNA D¥#%

BOINKL—F—T, DNARERIES (T8 —VRAHKITRz, S8k HSEYER) o

ELFa—7
DNA % 10:1 ¥ 10 ml IZ¥H L,

10 mg/ml TFY T A70I K 05ml &

CsCl12 g &M%, @l (10,000 rpmx 105}Y) TEREF,
&L (100,000 pm X 6 F5fi]) L, cccDNA % 57HL.

cccDNA (THEHLS)
(covalently closed
circular DNA)

i

RNA'



EHE : SDS Polyacrylamide Gel Electrophoresis
(SDS-PAGE)

Separation Gel 12.5% 25.0%
acrylamide  (29) 12.08 g 2417 g
bisacrylamide (1) 042g 0.83¢g
1M Tris (pH 8.8) 37.5ml 37.5 ml
1.5% ammonium persulfate 4.7 ml 4.7 ml
10% SDS 1.0ml 1.0ml
+H,0
ki, TEMED 0.07 ml 0.07ml /100 ml

Stacking Gel 3.0%
acrylamide  (29) 29g
bisacrylamide (1) 0.1g
1 M Tris (pH 6.8) 12.5 ml
1.5% ammonium persulfate 4.7 ml
10% SDS 1.0ml
+H,0
Ki#%, TEMED 0.07ml /100 ml

Running Buffer

Tris (MW 121.14) 30.3g (—025M)

glycine (MW 75.07) 14419 (—1.92M)

SDS (MW 288.38) 10g (—=1%) /1000 ml
Denaturation Buffer

1MTris (pH 6.8) 0.31 ml (= 62.5mM)

10% SDS 1ml (=2%)

mercaptoethanol 0.25 ml (=5%)

glycerol 0.5 ml (—=10%)

BPB (bromophenol blue) 5mg (—=01%) /5ml
Staining Solution

Coomassie brilliant blue R-250 259 (=025%)

acetic acid 100ml (=10%)

methanol 500 ml (=50%) /1000 ml

Destaining Solution

acetic acid 7Bsm (=75%)
methanol 50 ml (=5%) /1000 ml



(Quiz: &BDOFREE - @ts - TiIEsLE]
1. B&F
E M #I60JK M DRIFIASH Y, #HIKLD DNA 13 #3% 10° I 2 B2 B,
HEBOMEIL 0.34nm TH 3,

(1) B h—ASD DNA TRTE—ARIZORCE, BLEENLTOEXI %23 ?
(%3, I haY KUY 70O DNA BERIANZ L TEW)

(M, HiER (1A 4 Fikm) 2FT 2 RSIHLT 02
(3) (1) 1, HIEREKBOM (¥ 1.5%10%km) % MEIEHT 2 ESHLT 20?2

(4) BIBUFEIZ DNA A5 DNz DI, 2555 2

2. DNA &8

DNAIZ, TAFYVR—Z, Y VEE, GATC DAEEEOEIE 1 B2 T EAH BN TV %, DNA
P BEIANND &, MAOHRAERIZETE 2L 2Y), HROBILIIEZZLbH 5,
(1) 2D &H A LWRIGH, & FOEOHFT IBHIZMEEE TWa2%, BLTAELI,

(2) EOBIZLT, {85 DNA ZBERLTWEDIES I 1 ?

3. TRILF-HE

(1) & bOEBERBHIT—H #2000 kcal TH B, ZOIXNVF—% ATP ICHETZ L, —HIIfg
DATPEES>T VBT LI ? 743, ATP D5 FRIZ 500, ATP— ADP + Pi ORIG 12
Lo T e 5 T3V F =13 8 keal 'mol ™ TH 3,

(2) ATP DXV F =% >TRBDIES ) 2 2

4. E-OBEOEE
(1) & MOBE, BY R LBREOREITH B, —HOMIZENZT ORBIDMEERY 13 2

(2 B, K01MOEHETATY2, —HONIZENLZTOERBEOBBBTWINEH?

3 ESLT, B WIHLEINZDIL, HZHEEhTL EbRvor?



HEAEH

TI/BAE (7S BB
1) #WER, &% (58E)
2) BE (3XF HLV 1XF)
3) WA (7E) 1% H* EREET B0 AR & pka

4) BKMOBVT I/ BAH (= 7V v+ BH)
"
1) glucose, galactose, fructose, ribose, arabinose, erythrose, threose, glycelaladehyde
o) -F:% (= Voet p.214-215)
2) glucose ® B35/ —RE, FHRE O #HERX
fructose D 75 / — AR, RRE O #HERX (= Voet p.216)
XIVAFE
1) 8% (purine — adenine, guanine; pyrimidine — cytosine, thymine, uracil)
¥ (ribose, deoxyribose) M % (= Voet p.686-687)
2) AMP, ADP, ATP, dATP, NAD(P)H, NAD(P)* O #iE=t, ER&H
(= Voet p.286,289)
[

1) lauric acid, myristic acid, palmitic acid, stearic acid, arachidic acid,
stearic acid, oleic acid, linoleic acid, linolenic acid,
triacylglycerols, glycerophospholipids, sphingolipids, cholesterol @ w
(= Voet p.238-243)

5
L3
[ -

s » ]
- H < <
N § 3 &
u P X z
5 ) 2 H
2 z » .
B H g~ ¥ 2
" & £ ¢ oY e 3
w Bl ; w § b
) x 3 ¥ 5 & Yooy
B g B i i 2 3o
% % £z J g8 P
] M RS [ § 3
H x E"“E - & ¥ £
£ 3 2981 T E wd 3

B $438° % & E S ® < 2
£ B P g3 28z 8y =&
# : : ias 7T & 8 £
- ® o i 88 R s s 2T
5 "EE. FERSE-T AN NERS o &
5 2R < 3z ¥ 2 3 T PN
2 8 s =8 wa 2 & Hl = 8 u =z
- o | <




DNA (B{&¥)

1. DNAD#EiE

A. ZES £V double helix

DNAR, WhbWs E5 €~ (double helix) i
ZLTWATEH Watson & Crick K&>THSH»
wwahic (15— 2). 2KDRY 27 LA F Finsdt
FOWMDOEDbY EIAMRICEFOTVS &S UHEE L
TW3, HERS Y ORRIcED» > T & VEcER
KERHLTW, HERTERET, BE - 88 TE
BERFTIRE-TWAB, 2HROHRY X7 LA F FOMH
T,77=v(G) &¥vrvv (C), 7F¥=v (A) &
F 3 v (T) oRickEEaMEmESh, BEEEEL
LTWw3 (15— 3). ### (complementary) #
GEbh, COHlAADELIADERMICIRKERS
BT SV, 2KDOHY X4 L F FEOWIEREY
EBIR TS, T oRERTICE L TR -
TWADTHS. TORKRE, DNAHOT Y v &y 3
Yol 1 ([A+G)/IC+TI=1)THY, T7=v
EFIVOR, VT7=vEY Y VORIEELYV (Char-
gall DHA. -

(15— 3 EEMOBHIKERS

2AD5 v I3AEETT, EHOFEIBEVITHEFE
TTH% (15— 4). T OMAMIEEEBEDNAL
Wi,

o

1}
HO-P—0H,C”° ,  adenine

- (5% 8%)
H H
H Y n
03 H
|
HO—P=0

| .
0—H,C% . cytosine

0-H,c ¥ thymine

0-H,c® guanine

IR ERIETRL T

A c T G

3" 3" 3 .
-

5 5 5’ 5

LBETHTLLTES
Hi5—1 HBROBE

F15—2 DNAOZESEVEFI
A, T, G, Cidifif, PRY YB, SBRFA+vYH—2Z,
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[Reprinted with permission from Nature, Vol. 171, pp. 737-738, 1953. Copyright © 1953 by Macmillan Magazines Ltd.}

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid
E wish to suggest a structure for the salt
of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey'. They kindly made
their manuscript available fo us in advance of
publication.  Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. In our opinion,
this structure is unsatisfactory for two reasons
(1) We believe that the material which gives the
X-ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Some of the van der Waals
distances appear 10 be too small

Another threee-chain structure has also been sug-
gested by Fraser (in the press). In his model the
Shosphates are on the outside and the bases on the
inside. linked together by hydrogen bonds.  This
structure  as described is rather ill-defined, and for
this reason we shall not comment
n it

We wish to put forward a
radically different structure for
the sal of deoxyribose nucleic
acid.  This structure has two
helical chains each coiled round
the same axis (see diagram). We
have m.\de the usual chemical
i , that each

ester groups joining B-D-deoxy-
ribofuranose residues with 3', 5
linkages. The two chains (but
not their bases) are related by a
dyad perpendicular to the fibre
ax| Both chains follow right-
handed helices, but owing to
the dyad the sequences of the
atoms in the two chains run
in opposite directions. Each
chain loosely resembles Fur-
berg's’ model No. | ; that is,
the bases are on the inside of
the helix and the phosphates on
the outside. The configuration
of the sugar and the atoms
near it is close to Furberg’s
‘standard  configuration', the
sugar being roughly perpendi-
cular to the attached base. There
is a residue on each chain every 3-4 A. in the z-direc-
tion. We have assumed an angle of 36° between
adjacent residues in the same chain. so that the
structure repeats after 10 residues on each chain, that
is, after 34 A. The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside. cations have easy access to them.

The structure is an open one, and its water content
is rather high. At lower water contents we would
expect the bases to tilt so that the structure could
become more compact.

The novel feature of the structure is the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are perpendicular to the fibre axis. They are joined
together'in pairs, a single base from one chain being

This

figure is
diagrammatic
ribbons_symbolize

purely
The two
the
two_ phosphate—sugar
chains. and the hori-
7onal rods the pairs of
bases holding the chains
together.  The vertical
line marks the fibre axis

hydrogen-bonded to a single base from the other
chain, so that the two lie side by side with identical
z-co-ordinates. One of the pair must be a purine and
the other a pyrimidine for bonding to occur. The
hydrogen bonds are made as follows : purine position
I to pyrimidine position 1 ; purine position 6 to
pyrimidine position 6.

If it is assumed that the bases only occur in the
structure in the most plausible tautomeric forms
(that is, with the keto rather than the enol con-
figurations) it is found that only specific pairs of
bases can bond together. These pairs are : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with cytosine (pyrimidine).

In other words, if an adenine forms one member of
a pair, on either chain, then on these assumptions
the other member must be thymine : similarly for
guanine and cytosine. The sequence of bases on a
single chain does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed. it follows that if the sequence of bases on
one chain is given, then the sequence on the other
chain is automatically determined.

It has been found experimentally’ that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine 10 cylosine, are always very close (o unity
for deoxyribose nucleic acid.

It is probably impossible to build this structure
with a ribose sugar in place of the deoxyribose. as
the extra oxygen atom would make too close a van
der Waals contact.

The previously published X-ray data* on deoxy-
ribose nucleic acid are insufficient for a rigorous test
of our structure. So far as we can tell, it is roughly
compatible with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not escaped our notice that the specific
pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material.

Full details of the structure, including the con-
ditions assumed in building it, together with a set
of co-ordinates for the atoms, will be published
elsewhere.

We are much indebted to Dr. Jerry Donohue for
constant advice and criticism. especially on inter-
atomic distances. We have also been stimulated by
2 knowledge of the general nature of the unpublished
expenmemal results and ideas of Dr. M. H. F.
Wilkins R. E. Franklin and their co-workers at
King's College. London. One of us (J. D. W) has been
aided by a fellowship from the National Foundation
for Infantile Paralysis.

J.D. WATSON
F. H. C. CRICK
Medical Research Council Unit for the
Study of lhe Molecular Structure of
iological Systems,
Cavendish Laboratory, Cambridge.
April 2

! Pauling. L. and Corey. R. B.. Narure, 171, 346 (1953)
Nat. Acad. Sci.. 39, 84 (1953)

* Furherg, S.. Acia Chem. Scand.. 6, 634 (1952).

* Chargaff, E.. for references see Zamenhof. S., Brawerman,
Chargaf(, E.. Biochim. et Biophys. Acta, 9, 402 (1952)

“ Wyat, G. R.. J. Gen. Physiol.. 36. 201 (1952).

+ Astbury, W. T., Symp. Soc. Exp. Biol. 1, Nucleic Acid. 66 (Camb.
Univ. Press. 1947).

* Wilkins, M. H. F., and Randall. J. T., Biochim. e1 Biophys. Acta,
10,192 (1953)
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DNA GEI&F) DR TT

A.#E #E base
7Y v (purine) &€ Y 3 Y ¥ (pyrimidine) A3
THs (W14—1).

I3 }—‘l
s L
N NFE T
Ly, I sc-H PR
H‘C\\n\al SR HSNATH
)
H
P EURS
B14—1

B. XU L# < F nucleoside

BEOZRIS ) 2V FEATHEMSKE L b0,
BEPCREEAB X7 LA v FRREITE ) #— 2
(ribose) »2-7# %) #—2 (2-deoxyribose)
TH2. TOC-1EHEHEY I Y VIEEON-155 1
R7) VEEON-9 LAY 5. MARE 3 LREN
EHTHD (M14-4).

HEOBRI, TYYRIvEFYRTR~Y Y (T7F
/ ¥ adenosine, 7 F
Y77/ ¥~ deoxyadenosine, FAF YIS T/ Vv
EYIYYRI LAY FTR~Y
¥ (9 ¥ uridine, ¥¥F ¥ ¥ cytidine, 74 % ¥
¥ F ¥ vdeoxycytidine, FAF v F 3
thymidine) %21 TH. BHBAORFOMEETR
FTESICIY v Y222 TERERND ERHT 3.

77 / ¥ ¥ guanosine,

deoxyguanosine),

Y v deoxy-

HEOMICRIHEh R boR, HI4-210RL7
58TH%. CothT7 7= (adenine), /7=
(guanine), ¥ } ¥ ¥ (cytosine) HRNAI $DNAI
bEFNTWAY, ¥ 5 v (uracil) BRNA, ¥ v
(thymine) RDNAK LOFE LSV,

Nt
_C,. N,
NZ e
VT Neen
I{/QN/(»\\‘,/
H
T
7 EES
NHe Q 9
“V%C\C‘/H H\N/C\ﬂ/n H\,\J/C\‘C/CH“
] ) LI
y Co C Co C
()/C\I‘\'/C\n o//c\ly N 7NN
H H H
Lhes
B
B14—-2

HO
TTNN K=
(702>)




C. RILEFFK

1) WigLs

27 VA Y FOEOHREOKEEEIC Y VBT 27V
HELIbo, WRIRENY K- 2088, YK
LA F 1 (ribonucleotide), 77 # ¥ 1) # — 2 DIFA,
FA% YK Y LA FF (deoxyribonucleotide)
WS, EERICRHENBR 7 LA F FIi 5 fiic
Y UBELS>TVDHOBEL, 5 -Y KX I LAFE,
5-FF+ V) HI LA F FERTND,

BRI LAY FY YBE LTI, 77/ vy
-5'-Y VB (adenosine-5 -phosphate) &V 5 &S
K 5H, BAZLLTT ¥ =B (adenylic acid)
bAVLNRG, ) VEEEM1ODBE, TF/ v v-5-
%€/ Y vB% (adenosine- 5 -monophosphate),
DIFA,

nucleotide

22
TF/ v v-5-2Y B (adenosine- 5 ~di-

— . —
R7vEAL KR R

(@) (B (1)
OH ()H (‘)H
CHz—0— }; OAP ()7?_.0”
0
AIVALY
_
A7vEL KR M
RIUAL R RIVATE
——

Hi4-5 EX RILFTE, RILAF FOMR

phosphate), 320H&, 75/ v v-5-+y Y vE
H14—1 EE XIUAVE, XIUFEF FOBIR
B k| RoLAVE RIvE S F-5-—Y) B A - | RvAyE-5-Z) v
TV TFI -5 -— ) U TF v~ Bz
Ty=v (AMP)(T 7= v BR) (ADP)
(A) |FTAXYTTIvY FAEVTT/ V-5
(4ADP)
R34 TTI v [RZ3
rr=v (GDP) (GTP)
@) |FAXvIT I oo | FARIT IV -5y v B |FAFLIT I v-5'-2Y YR | TARYIT /v -5-Z) YR
(CMP)(7 4 7 7= 8) (dGDP) (dGTP)
vFI > —'J 8 vFVv-5-2Y VB vFIv-5-ZY v
PAR22 (CDP) (CTP)
©) |FA*vvFIv -—Y) VB | FAFYYFI - VB | FAES SR}
(dCMF)(rt%’—//-r I8 (dCTP)
CEIE2Z 5 Tvs-—) /R o) Tv-s - vB
v (UMP)(% Y &) (UTP)
(5]
71
(T FAEVFIVv-5-—) VB ~ZY R [ FAFVFIVY-5-ZY YR
(dTMP) (dTTP)

R S I
fez;x:mﬁzmumaﬁaﬁneg Ma-toe ™ "/C\C/N\\ .
o+ > F ¥ (xanthine) B7'Y YHERORMBET e L

U, P RERMRREN TS S, H T A ¥ (affe TN NN

ine, trimethylxanthine), 7% 7 4 ) ¥ (theophylline, 13- H H H H

dimethylxanthine), 74 78 % ¥ (theobromine, 37~ WA P

dimethylxanthine) i3, ¥OBDI—E—, X oaThE

OHMICEEATVS bOT, WORBFALHT 2. €S 0 c‘n! (‘?
1VBAEY Y VRBKTS . H’C\N/C\C N\L . HSC\T/C\ﬁ/N\- .

& (,\N/ // 0¢C\r\(,,c\w./
cH, cH, H
N7 FET4
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BOERE PS/R oRELES

A IERiE7 3 /B

COOH
|
H;Nf(lffH
CH;
TI=>
Alanine
Alanine

coon
HN-C-H
cH.
S
cH CH.
a4
Leucine
Leucine

ic
Zén
|
c-Ca
2 I
4Cr1

|
5Ca1

Tle
I

COOH
H,-N~(K:AH
H*é*OH
Cus
Frd=2
Threonine

(1) ®E/T73/%/ ALK
COOH ¢
1
H.N-C—H  2C
H
PR
Glycine  Gly
Glycine G
COOH  1iC
HN-C-H Zé‘a
CH 3Cs
P 7N
CHy CH: +C C
71 72
Sy
Valine Val
Valine v
cooH
HN—C-H
CH,—C—H
1
(;.‘H:
CH,
{vafsr
Isoleucine
Isoleucine
(2)
COOH 1€
HN-C-H  1Cr
(‘?H.r 3Cs
i
OH o7
1
Serine Ser
Serine s

Threonine

bFexs ®/T3/%/ ANKME

1C

1
2Ce

T
1(‘;;071
4Cr2

Thr
T
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B/T I/ ALK BB LUT

(3)
(’IOOH 1(l3
H:N—-C—H 2Ca
0
?Hg GC‘E
C 4Cr
7N VAN
OOH O O
a1 a2
T AT X UEE
Aspartic acid  Asp
AsparDic acid D
(‘IOOH ‘(E
H;Nf(‘I~H 29,
CH. 1Cs
C +Cy
AN VAN
O NH: O N
a1 a2
T AT XY
Asparagine  Asn
AsparagiNe N

(4)

coon ¢

HN-C—H  2C:
C‘H_» I(Eﬂ
b
s
CH,  sCe
NH. N

DI

Lysine Lys

THT Ty

pcLom K

T

COOH 1(‘2
i
H:N—C—H 2(’3'
1
QH_/ 3Cs
1
(‘ZH,» 4Cry
I
C 5Cs
I\ /N
O OH 0 O
€l €2
T 3
Glutamic acid Glu
TTTy b E
TDoHoE
(FOOH lCE
H,N‘(‘Z-H 2(;,"'
?H_» 3(‘35
G
/C\ S/C\E
ONH: O N
€2
T
Glutamine GIn
*®
7

CTI/ R/ ANK B



COOH 1C C. MERRA7ZI /B

7
H.N-C—H 21Ce
iy ols COOH g coon  1¢
G o I S T
Ch ¢ . ¢s Che G
2 sCs et y
NH Ne %C.‘Nn %\N a2 i(ﬁ:\lNan)
A & nC_Ce HN—) o NHCa
C aCh e (0
N Ne: NN ok
2l 92 3 2
- . [
T Tryptophan Trp Histidine  His
Arginine Arg Bah it W Histidine  H
ARginine R
COOH
(5) BRHEHT I /B <N>é{
COOH  1C H
C C
HN-C-H  2Ce
‘H ;é Zo
CHe P Proline Pro
SH Sr Proline P
aFAy
Cysteine Cys
Cysteine C D. 73 /MO | XFHS
T T
COOH COOH  1Ce  Ce A Ala N
HeN-C—H HN-C—H 25 Cs B Asx P
B T v (Asp #7212 Asn) | Q
CH. CH: Crocr ¢ v !
i 7 7
] Si—Ss D Asp s |
Cnss E Glu T
¢ s:f’ F Phe v
ystine i
i Cys Cys G Gly Wi
Cystine ¢ ¢ H| His X
I Ile
COOH  1C K Lys Y
HN-C—H  1Ce L ‘ Leu z
! ( 7 )
¢Hz & M Met (Glu % 212 GIn
CH (Cr
I 1
S ss
i
CH Ce
AFA =
Methionine  Met
Methionine M
B. 5EK7 I /M
cooH i coon  1¢
HaN-C-H WG HN—C-H ¢
CH, ¢ CH, e
2 Q;(‘:gq;,n az(;g?;(;n
aCigla aligla
3 OH 5 - " .
Or 4% +-975) 1 3)
T2 =NT T Foi -
Phenylalanine Phe Tyrosine Tyr CI?«’Q r“”‘)
Fenylalanine F TYrosine Y
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o(-COOH =¥

of-coo”

@D f-com > pecoo”

@) 1~ coon =3 r-coo”

whorwn P

D
X

fKA-'4

>=\

Ke =
wH oo LN PRa 7
~/
N
- MH; =P o MHz pka = &
@ —SH - -5~ pKa :?
@ ~<Oyon = <Qy-0"  rk~=l10
+
@ —MH; = —MNH. pKa =10
AH,
@» “MH-cr P —an _e™M el _ A
NHy My, Nuy | o ey
pka =/3 ’
T3 RO BKIEARIE (Ag:) (25°C)-¥
. Agi . y Agi
7o, R oS (keal/mol) T o, B oK (keal/mol)
7y 0 H2F +1.0
7=z +0.5 FLRZ -0.3
LR +1.5 =t +0.4
of iy +1.8 TARTXY 0.0
Aveodvy +3.0 INE T —0.1
==NT T +2.5
;u-‘/t” ’ +2.3 T %ot 7 X R (FEREER) +0.5
, B ) 7yt R (JERRAR) +0.5
by TETT Y +3.4 N M
7oy +2.6 ‘tf'_?/ v (GEAER) 0.5
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