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SBT(8LGTHEORETICAL 8LGSTUDY ON QLGTHE BLGKINETICS OF ®LGPROTEIN)
OBT(OLGFOLDING AND @LGUNFOLDING BY ®LGCOMPUTER ®LGSIMULATION)

aNL 2

OLGHIROSHI ®LGTAKETOMISUH*®DH, ALGFUMIAKI QLGKANO®UH=xxaDH AND
SLGNOBUHIRO QaLGGO®UHx*x*aDH

ANL

9IT(BUHxODHALGCOMPUTER ALGCENTER, 8UHxxxaDHALGDEPARTMENT OF &LGPHYSICS,)
QIT(ALGFACULTY OF ®LGSCIENCE, QLGKYUSHU BLGUNIVERSITY, QLGFUKUOKA 812)
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aNL 2

BT (ALGABSTRACT)
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8IN 5-2

AIT ON

SLGTHE STRONGLY IDEALIZED LATTICE MODEL OF PROTEINS IS A POWERFUL

TOOL FOR INVESTIGATING NOT ONLY THE EQUILIBRIUM ASPECTS OF PROTEIN
FOLDING AND UNFOLDING BUT ALSO THE KINETIC ONES. ®LGWE GENERATED THE
TIME PROCESS OF THE LATTICE PROTEINS BY COMPUTER SIMULATION AND
ANALYSED IT BY THE METHOD OF TIME-CORRELATION FUNCTIONS.A@BR

ALGBY THIS SIMPLIFIED MODEL ANALYSIS, WE COULD INVESTIGATE A) THE

G e

TRANSITION TEMPERATURE. 4) ®LGARRHENIUS PLOT (THE TEMPERATURE
DEPENDENCE OF RATE CONSTANTS) SHOWS LINEAR DEPENDENCE IN THE CASE
WITHOUT HYDROPHOBIC INTERACTIONS. 5) THE SLIGHT UNFAVORABLE
SUBSTITUTIONS OF AMINO ACIDS CAUSE THE TRANSITION SLOW.

AIT OFF

aNL 2

acb 10

acCw 65

8RS

//3BT(ALGINTRODUCTION)//

@RS OFF

aNL

ALGFROM THE STATISTICAL MECHANICAL POINT OF VIEW, FOLDING AND
UNFOLDING TRANSITION IN GLOBULAR PROTEINS IS A PHENOMENON SIMILAR
TO PHASE TRANSITION TAKING PLACE IN FINITE INFORMATION CARRYING
SYSTEMS. @LGTHIS ASPECT IS ESSENTIAL FOR CLARIFICATION OF VARIOUS
ASPECTS OF THE PROCESS OF FOLDING AND UNFOLDING TRANSITION IN
GLOBULAR PROTEINS®UH1,28DH. ®8LGIN THIS PAPER WE DESCRIBE A METHOD
OF CALCULATING THE TIME CORRELATION FUNCTIONS FROM RECORDS OF
COMPUTER SIMULATION AND THEIR USE FOR THE DISCUSSION OF THE DYNAMICS
OF THE FOLDING AND UNFOLDING TRANSITION IN GLOBULAR PROTEINS.aBR
ALGFOR THE PURPOSE OF CLARIFYING ESSENTIAL ASPECTS OF FOLDING AND
UNFOLDING TRANSITION, WE HAVE BEEN STUDYING A STRONGLY SIMPLIFIED
MODEL OF PROTEIN, TWO DIMENSIONAL LATTICE MODEL, BY THE METHOD OF A
DLGMONTE ®LGCARLO SIMULATIONAUH3-6ADH.

aNL 5
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Theoretical Study on The Kinetics of Protein
Folding and Unfolding by Computer Simulation

Hiroshi Taketomi*, Fumiaki Kano** and
Nobuhiro Go***

*Computer Center, ***Department of Physics,
Faculty of Science, Kyushu University, Fukuoka 812
and **Department of Physics, College of Arts and
Sciences, Showa University, Fuji-Yoshida 408, Japan

Abstract

The strongly idealized lattice model of proteins
is a powerful tool for investigating not only the
equilibrium aspects of protein folding and unfolding
but also the kinetic ones. We generated the time
process of the lattice proteins by computer
simulation and analysed 1it by the method of
time—correlation functions.

By this simplified model analysis, we could
investigate a) the prototype of the kinetic
characteristics of proteins, b) the relations between
the kinetic properties and the three types of
interactions (long-range, short-range, hydrophobic),
c) the effect of the amino acid substitutions on the
kinetic behavior of proteins.

The results are as follows; 1) the
time-correlation functions are approximately
described by two phases (fast mode and slow mode). 2)
the slow mode reflects the overall folding and
unfolding process. 38) the relaxation times of the
fast mode are temperature insensitive, while the ones
of the slow mode show a peak near the transition
temperature. 4) Arrhenius plot (the temperature
dependence of rate constants) shows linear dependence
in the case without hydrophobic interactions. 5) the
slight unfavorable substitutions of amino acids cause
the transition slow.

Introduction

From the statistical mechanical point of view, folding and
unfolding transition in globular proteins is a phenomenon
similar to phase transition taking place in finite information
carrying systems. This aspect is essential for clarification of
various aspects of the process of folding and unfolding
transition in globular proteinsl’z. In this paper we describe a
method of calculating the  time correlation functions from
records of computer simulation and their use for the discussion
of the dynamics of the folding and unfolding transition 1in
globular proteins.

For the purpose of clarifying essential aspects of folding
and unfolding transition, we have been studying a strongly
simplified model of protein, two dimensional lattice model, by
the method of a Monte Carlo simulation3-6.
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1. Lattice Model and Simulation of Its Dynamics

Simulations
changes are

of
carried

the dynamical

out

process of conformational
in this lattice model by creating a

series of conformations by the Monte Carlo method of Metropolis

et al.! In this method a priori probability, p% , of transition
from conformation i1 to conformation j is first assumed. Then
the real probability of transition is given as a function of

temperature T by

oY
Pij=
pljexp ((Hi-H;)/kT) for

Here k is the Boltzmann constant, and H; and H;
of conformation i1 and j,

for H;=H;

1.1)
Hi<H;

are enthalpy

respectively. The a priori probability

is taken to satisfy the condition of detailed balance.

p¥;=pY;

Detailes of

the

1.2)

of

method simulation was described 1in
earlier papers » 0,
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4. ATFa<wvEk
41 NLPaw vEF

USA, 75,

559-563.

6 itz 5 NLP iE# H 6

nH AnER
awr kg F X 5 v F
NLP FROM(F¥2b+2 74 VE)

RANGE (#5a—F
[TO(HBER I 74V ) ]

#Ka—F)
[COPY (HEHRH) ]

[LNF ] IX -
%)
IC
[JOB [(JOBK??’{)U%)}] M‘]
(%) AST1IS

FMNKRFE RPN 57—
Vol. 15 No.1l 1982




LmNREHESE 27 - ATF O

(2) #se
7% A7 74V %NLPXid, NLPHEHE 7 > 1 VIRBEEHNT 5.
(3) #x35v rOHRH
a. FROM (¥ * A b7 24 V55)
FERAMT A NEBRMLIIF— %ty bEXUT, X o BERETS.
b. RANGE (fa—F ¥a—1F)
FRTAXFI—FOHEEZ1 6 EHTHRETS.
41 A1<IaI—F{KRI—FZ9FFE
c. TO(HEEE7? >4 0)
NLPARBEE 7 7 A VERMNT ST — 4y bEXUT, » v "FZREET 5.
LDANS v F2EBTAHENLP I REERNTS.
d. COPY ( HE®H)
BN LOBBTHEET .
1SHEBH=255
e. NF
NLP ENLPBIBEEE 72 7 A VOB AN TARIIEET 5.

f.rIX
1C

Kel L HROMNEE2TTS -
IX #E3leHNLRENTS.
CS BXREHNEIHNIT.
IC (K3 LHROGHF2HNT 3.
g. ~JOB ((JOBX7 >4 V)
L {(*) H
NLPIZ  FREIDEBEIND N F P a TOJOBXDANTLREET S.
JOB7 74 v JOBLRBMILTVAF—8 vy hEXR, » v "Z2I/ETS.
* CJOBX RWMAPLANTHLL2HEETS.
h. - CAPS
|:ASIS]
FEAPI 24 NDRFE, BEXFLOMGREET 5.
CAPS | ERXF LRPUFOWA L bRPILFELTHEETS.
ASIS: HAMFEANFELT, BNXFRPIXFELTHETS.
(4) fEABI
cFEF2AFT7 74D 5 NLP ENLP HESEE 7 > A VOFH Al NT 5.
FEAMNT AN . ATFTEST. TEXT
NLPHE#EE 7 r 4 v . SEISHO. TEXT

—9] — FNKFRUH NS> 7 — LR
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2 H

XFaA—F 141A1~9FFE
JOBXH#I7 44 I ATF. CNTL
K3, BROWAH2HNT 5.
NLP FROM(ATFTEST) RANGE(41A1 9FFE)
TO(SEISHO) NF 1C JOB (ATF

4.2 NLPPAGEa=<wrF

M AHER
av U FH * ~ 3 v F
NLPPAGE FROM(®E&EE T >4 VE)
{NLPP } [JOB{(JOBB‘C77»{W§.)}]
(*)
[PAGE(~—CHB1 [x—v%B2]) ]
[LCOPY (HBEHBH) ]
(2) e

NLPa<=> FTHIULINLP HEER Y » 41 V2 NLPRIHNT 5.
(3) #~x3 v FDHHA
a. FROM(EEK 7 » 1 V%)
NLPRIBESEB 7 74 Vv DF—42 2y bBXUT, # v "FAZEETS.
b. JOB((JOBX7 »4 V&)
[ ‘( *x ) }:]
NLPPAGE 2= Fit X b B83INBE N0 F 2 2 TOJOBLDANTRIEET 5.
JOB7 74 v JOBX 2L THE7—2 o PFXIL, * »"BA2EETS.
* P JOBX BMADPSANTHC EREET .
¢c. PAGE(X—C%B1 [~x—v%B2])
BAHNTEI—C BB 2IEET 5.
~N—UEB1 BB —
R—UEB2 [ KTN—D
d. COPY (#HEHE)
EERH 2 EOBB TIEET 5.
1=HERH=255
(4) GERHI
- HEEE T AV LONLPiRHENT 3.
NLP HiE#E¥ 2 » 4 v . SEISHO. TEXT
JOBX 7 74w { ATF. CNTL
HAgx— 15 ~15~R—=-U

FUNKE RN > 7 —EH — 92 —
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KmUREES > 27 2 ATFOEAE

HE R P 3 HEAI)
NLPPAGE FROM(SEISHO) JOB(ATF)
PAGE(5 15) COPY(3)
- JOBX 28K 6 AL, HEEFK 7 » 4 V6 NLPIRIEHT 5.
NLPH¥EEK 7 > 4 v | EXI. TEXT
HAag~r— LETOR—Y
HE IR Tzl
NLPPAGE FROM(EXI) JOB(=*)
JOBX T 25ETREL, RDL5> JOBXEH#E* v ¢ —CHHANINBZDT, ZOHY =
THEX 2 ANT S,

Leee*eoooloeee® eveaZeoeo®eoeedeeeeFeeedonee®iieeBennereinabenue*ees7.Reu*,,..8
//F0040A JOB exr-¢), CLASS=A,MSGCLASS=0

KEQ562831 #*#*%* FOO040A : (RECEIVED) **%*
KEQ56250I JOB F0040A(JOB08955) SUBMITTED
*** FO040A (JOB8955) 0040 : (JOB ACCEPTED) *** FIRB cH(ol)

Ca THIBAXOATE, ASJOKRDY ELTEFT2ANTAE, N F2 a2 THEFHINS.

4.3 CIPHERaZYF

(1) AHER
e £ X 3 v F
{CIPHER} F—9—F
CIP F—2vy tHL (TEB1 [7FB2 ]) ]
(2) Hae

FERb, £, 737, HFROKF—4F v X, x > NORAZKBLTS.
(3) A~x3 L kDA
a., ¥—7—F
BEADNDDF—T —F %28 XFUNDERF CIEET 5.
b, #—22v bH[ (TES1 [FT&ES2]) ]
BEELT27 -2ty FENE, 2 v Z{ERETS.
&S (BB ek T 3TES
TES2 [ EBLERTTAES
(4) GEfF
cF—Fey FO—MEEBLTS.
F—4% €y b4 I ANGOU. TEXT
¥—v—F I AB256EGK
R t10f7~2507%7T
CIPHER AB256EGK ANGOU(10 250)

— 93 — AMKFARHER > 7 —L#
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4.4 DECIPHER

1 AHER
awrFF X 3 v ¥
{DECIPHER} F—7—F
DEC F—4xy bFH[(FEB1 (%82 ]) ]
(2) K4

CIPHERI v FIREDEEBLLINTF X2 b+, K, 57, BROEF— s €y PRk, 2>
NONEZTTIET.
(3) #~x35> FOHH
a. ¥—7—F
CIPHER = F CREBICHW I * — 9 — K 2IEET .
b. ¥—2+ 5 bE[ (TEB1 [AFEF2 ]) ]
CIPHERa < FTRBLINNF—3 2y bBXUZ, * v ~BRIEET 5.
f7%%1 . CIPHER 2 v FCHEELITER]
f7%%82 : CIPHERa <> FCISE LR 2
(1) R
- CIPHER I <> FOMAM 2 Tt RT.
DECIPHER AB256EGK ANGOU(10 250)

4.5 DISPLAYawYF

M ANER
R X 7 v F
DISPLAY F—%+%y b4 [BOX[ (HEB) 1)
{DISP } S — CAPS
=) L,
D ASIsS
(2) #ae

ELIOBROEBHNA 2 —SXiE, 57774 VDF—3DL ¥ vV RF 2 v VEER2R
RiIHAIL, HBRBE2TS.
(3) A~x35 2 FOHMH
a. F—%2+ty +F
X, Y7 IIRIBADEF—42 €y PRI, * "B EEETS.
b. BOXL[ (&S ]
ROBEH, BEBROFEORER2HNTAEERITY. KOHNEITILEINIEYTHS.
- BOX, HEBOWME2EKLIzE 2, XREEXDOHHHN 2HRICHNT 3.

AMKERWH NI > 5 — LB 94—
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RRURBEE > X7 L ATF OEAE

- BOXDOAREL, EEBZER LI L2, XOBER I ZOUFNOBRAZRS 2 T,

HAT 5.
-BOX:HEBZIBELNL LY, FEBTHEINIIFHE ZOAREERT. SLIHEHICAD

Do RNENI- 1L &, — BT 3.

c. N

B

D

BAOHNIZB W THIMERRENLFRIG, RFOFULKTR E L TORITEY, T T2
A ESDLDIEERITS.

S LRNNFERHNTS. :

NS ! HPIIFEERLFREBLTHNTS.

D I RAXFEEHAL, KTET, FFEES.
d. - CAPS

[ASIS]

THERAMT A VHADERIFERNLF 2, BEHNA A —CRBVTZOETANFE, hX
FEUTHANTEL LLVDLDEERZITY. XL, AXF(@LG) 2#ELLEFIR, O
HECEBRICERIFELTHNTS.

CAPS [ ERXF, AN FOMHEESRNLFERLZLTHNTS.
ASIS [ EANFRARXFELT, BIPLFR2NMNLFELTHATS.

(@) EHH
NLPOBEEHRIBRDI >0 ET 4 VOBFEHIIA 2 —C eMKICHT 5.
%774V, ATFTEST. TEXT(TPFFO01)

Table 2.1 Value of oy m3s”

temperature D-T
1.5 keV 2.0x103
15.0 1.5x10%

cEEHNA - emRICHAITS.
DISPLAY ATFTEST(TPFFO01)

s R T2y
TEMPERATURE I D-T

1.5 KEV I 2.0X10-28
15.0 1.5%X10-25

.
hkkkkkkhkhhhhkhhkhphhkhhkhkhhkhkhk

N
+

NO = 2.1

NAME = VALUE OF M-35-1

95— THKFERWE W e > 7 —5H
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22 )

*RIFANVOREBES2HNTS.
DISPLAY ATFTEST(TPFF01) BOX

khkkhhkkhhdhkhdkhhkhhkphhhkhkrhkhkd

001 I 002
e e +
003 I 004

kkkkkkkdhkkhhhkhkhhkphhhkhhkkkhkx

NO = 2.1

NAME = VALUE OF 1-35-1

4.6 FORMATawv Fk

M ARER
aw v K4 X 3 v F
FORMAT FROM(7*%2b7 74 NVE)
{FMT l [LTO(H#EFE 7 >4 VvE) ]
1X S - CAPS—
o (2] (1] |
IC D ASIS
LHOLD ] LLINES (fToBa) ]
(2) #sE

FERPT A NVEHRRIE, WRABEE Y » 1 VICEBEH 2T .
(3) #~3 > FDHH
a. FROM(7F X b7 24 14)
FTERPMI 7 ANBRBMLIIF =5t o bBRIZ, 2 v "ZR2EETS.
b. TO(HEEZ 71 VE)
HARABEBE 7 7 A VEBNTAF— 22y PEXUT, 2 NERIEETS.
c. TF
MR EMKRBEEE? » 1 Vi T AR IIEET 5.

d. rIX-
H
Ic
L HROWMNIEE 21T .
IX [ FsleHNkicinTs.

CS BRE2HAIKIKHENTS.
IC I R3IEBRDOH S 2 HNEHNTS.

e. S
D
FMKE R W > 5 — 58 _
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HANREES L A7 LATFOBEASE

HARERENIFE U THERELINE2 20T THNT 20, EDNAFEEALFLE
BUTHAT2R2EETS. 36, XF, ¥1TEY, ¥ATTDATF RS BES»ES
PDIEERIT .

S [HPMXFEHNTS.

NS | RINFRRERLFRERL THNT 5.

D ENAXFEHAL, I5KF, ¥TEY, ¥OTTIDOATFas2E3ET 5.
f.r CAPS

[ ASIS ]
FERALT ;A NVHORANF LENXF 2, BHHICLSVTZDEIAXF, PXFEL
THHT A2 L0 »0EER2ITY.

CAPS | HERXF LENIFOMBE L $/IXFELUTHERET .

ASIS ! WANFREANFELT, BNXF2PIXFELTHEERET .

. HOLD

WA 2R T 5L XM N2 —KELT5. FORMATaI< > FRAEK S IOHESR)Y 2
FOB AN~ I BB T B, W RANTHE, M REBTS.
. LINES (fT0&)
BEYEDITOEIR2EETS. TARRLIZILHCEBOFOEI(1,/640F)0
ERTHEETS.

cfTDHI

1 CEHOITOBITHNTS.

2~5 I HEODTORIDZ~5FETHNTS. #lAid, 22EETHL, THBOG1 T4

PRGBS,
H CEBOHFOEIDLSEETS.
HRE BREOTORILTS.

(4) ERH
K, BNLFRRANFCEBRLTHNTS.
7% 2 k7740 TEST. TEXT(EX1)
WMARBEEE 7 74 v, Fol, HUGH LW,

FORMAT FROM(TEST(EX1)) NS

c R, FNLFTHHL, MEHBESE 7 >4 V2ERT 5.
%A L7 740, ATF. TEXT
EEE 7740 . TAN. TEXT

HX ER5IOM S ZHIT 5.
FORMAT FROM(ATF) TO(TAN) TF IC S

— 97 — TR KRB W+ > 7 — 08
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4.7 PAGEQUTa<wYv F
m AhER
b I B N 3 v F
{PMHmUT} FROM(BEE?2 74 VvHR)
PAGE [LPAGE(~—CFB1 [~—CFB2]) ]
[NS] THOLD]
[LINES (fTo&3) ]
(2) s

FORMAT 2= FCHAUNWMEARABEE 2 r A Vv 2HEKICHNTS.

(3)

a.

X5 v FOHM

FROM (BEBHE 7 r 41 VvH)
WMEABER 7 > A VERMILIZF—3 €y FEXIE, * o NBBIEETS.

. PAGE(X—2&B1 [~r—CEB2])

BAMNTH—CBBREET 5.
N—UEF] (BB
N—UEB2 I KRTR—T

. NS

WARICEREHITS & 3NN FR2ERLFREBRL THNITS.

. HOLD

BRI BT A L X% —B81ET 5. PAGEOUTZ v o FRABEBS IOBERY =
FPOBNR—CHBIR—REILTS. BT ANTAE, HURBEKTS.

. LINES (fTO®3)

BELBEOI TORIRZEETS. THREZLT2DRBEEDCTOAEI(I1/640F)D
BERTHEETS.

fTDER

1 EHOTORITHNTAS.

2~5 BHOTORID2~S5FETHNTS. FlAKE, 22BETSL, THRS1 74

PIEMS.
H L EEOTOEIDLSFETA.
HBEH . FORMAT 2 <> FOLINES AR5 v FTHEELITOEI LT 3.

(4) EAEp
cHEKEAEBEE 7 A VDER—U RWEKILHENT .

EEE 7 r 1V . ATF. TEXT(EXAM)

PAGEOUT FROM(ATF(EXAM))

WHEKABEEE I > A NVORBEL I X—CDARHEKITHNT S.

EEH 7 74 v . TAN. TEXT

TN KFERYHAR - 57— EH# — 98 —
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LERURBEFB 27 ATFOHERE

HA~N-— PER—T
BENNFRAERNFREBLTHATS.
PAGEOUT FROM(TAN) PAGE(5) NS

4.8 TEACHAawVvE

1 ABER
awrFf T N 5 v F
TEACH ws% [DETAIL]
[TEA } 547
EXn
(2) #8E

ATFHHICBTAERSIPATF ERAMN 2HKRH AT S.
(3) A#x35FODFHM

a. M54 [ DETAIL ]
ERE2BILVCATF S 2@X XDETHEET 5.
BRI EEETSE, BEINISSOMEREL ANER2HNT 5.
- DETAIL%#ET5¢, FELR2O0HHLILHIK, GROEIXI L FORAXRIEA L

DEBRD2VTHNT 3.

b. 247
WO ERENCIEUIL A TR2EETS.
WwHEL2 A TOBEBERTERDL S RIS,

517 5474 & &

ess BT,.@IT,®LG, ,
CEORE cH gST @IT.@LG,@RO,@SP
;ﬁ;”ﬁiﬁm SI |@LL,@PL
v - VR MA |@BM,@FM,@HM,@TM
21 FAED
M. TI |@RF,@RH,@RS,@RT
77778 PA @BR ,@CD,@CW,@DS ,@IN
2 @JU,@NJ,@NL,@TI
EOEnT @CE,@DC,@DH,@FN,@IX
b e OT |@LF,@LI,@NC,@PE,@PN

@RI,@UH,@US

P33 TA |@BX,@HL,@TP,@VL
77 7HEE GR |@BA,@CI,@DA,@GP,@LN CG® TEACHza=vFD “s47" kL
AW NU |[@®NP TRBPDEA 7EEIEETS.
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3 &

¢. EXn
ATF OB %2RT. EX1 ~EX7D7EENDS.
d. X350 K 2T NTHE
TNCOATF @S OMEMERHNT 3.
(4) EAF
- ATFOMHABIEX 1 2H 7 5.

TEACE EX1
EXAMPLE
(1)

CREATE TEXT DATA (NO CONTROL WORD) AND USE FORMAT COMMAND

LOGON TSS

READY

EDIT ABC NEW TEXT

INPUT

00010 ATF IS A CONVERSATIONAL SYSTEM WHICH EDIT USER'S SCIENTIFIC
00020 PAPER UMDER THE TSS AND MAKES A FAIR COPY OF THESE ON TERMINAL
00030 OR NIHONGO LINE PRINTER. USER CAN USE TSS COMMANDS, FOR EXAMPLE
00040 EDITOR, COPY OR LIST, ETC, TO INPUT HIS TEXT DATA.

00050 AND, HE CAN USE ATF CONMANDS TO MAKE A FAIR COPY OF THESE.
00060 ATF CAN EDIT AND PRINT THE MATHEMATICAL PAPER, CHEMICAL PAPER,
00070 PHYSICAL PAPER AND OFFICE LETTERS.

00080

EDIT

END SAVE

READY

FORMAT FROM(ABC) S

-@LL OBEEEE, AHER, 84 x5 FOHHA, FHALOEER2HNTS.
TEACH @LL DETAIL

FUNCTION-
THE PAGE LENGTH CONTROL WORD(@LL) IS USED TO SPECIFY THE HOLIZONTAL

SIZE OF THE OUTPUT PAGE IN UNIT OF CHARACTERS TOC BE PRINTED.

SYNTAX~
@LL 'WIDTH'
REQUIRED - NONE
DEFAULTS -~ THIS CONTROL WORD OMITTED OR WITHOUT OPERAND 'WIDTH' ,
SPECIFIED 'WIDTH' = 85,

OPERANWD~
'YJIDTH' - THE HOLIZONTAL SIZE OF OUTPUT PAGE IN UMIT OF A CHARACTER
WIDTH. MIN=20 , MAX =136
NOTES ~ THIS CONTROL WORD HMUST FORM OMNE LINE WITH ITS OPERAND.
-~ IF THIS CONTROL WORD APPEARED IN THE TEXT, REDEFINED
AFTER A PAGE EJECT.
5. ATF&$

ATF SO 2D FTRARTY, BFMESDAXRS v FIROWVWTIR, A2 2BR30.

5.1 RXOBEOEE
(1) R—CER e R—TOKXIBEETS.
@PL R—UDAR(HDOEI ) 2IEE
@LL N— OO (BB ) 218E
(2) =—C U HEE -0 R—CHEROLFTOLHA(=—0) 25T 5.

FUHRFERDH AR 5 — L — 100 —
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RANREESB > 27 2 ATFOERE

@TM ~R—CHEOHOKA( Ly Tv—U ) OTHERE

@BM N—CHEBOEDORB ( X hav—U 0 ) OITHE2EE

@HM by To— S U ODEBARBOT, by 724 b VvEAARBER (A~ 74 v 5
=) OfTHRIEE

@FM K hA2—C v DABRRICBINT, Fhosf hIVEBAARIEAR( 79574 07
v —Ur) OFFEEEE

(3) 24 FAEOEE - 24 b, BHUZEETS.

@RT by ?e—Srdb0, FhAv—CURHIZ, by TE4 VBBV, Fha
24 PVOFAARRIEE

@RH AU DFEICEBALS v v N T 4 v X OEE

@RF AUDECEBALS V= v 5T 97 4 v I XEHDEE

@RS KYDEHPDH TNy 7 4 v T LEHOEE

e HIM(@LL)

‘ by 784 b (@RT) by T
L @TM
SNy T4 T (@RH) /’\*yf‘»f‘/y?—“/'-‘/
@HM
1 .
B b'a [2. ATF COMMAND }— s YTy 7 4T (@RS)
~ ® U
@PL

5020579545 (@RF) @FM

A

/7‘;}5‘4:/7‘7““:/’:/

K phbhe—Dr
KRB ARLV(@RT) @BM

Bl

aPL 55

aLL 70

ATM 6

aBM 6

aHM 3

aFM 3

QRT TOP ODD 3 ///@aBT(ALG(ATF))>/
aRT BOTTOM ALL 3 //-%-//

BRITEBEYIE, R—CRHHT A ERRT.

— 101 — NINKRERRGTHER > 5 — 8]
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7 0% »
ATF T
~ 617
377 |
5 547
IECINE
6 17

5.2 WRXXEODIETE

m

RS TS5 IHEE o0 NS5 TORER, RBEOBRIERTS.

@CD 357 DBRMMI LU ZAZNOREDRBINEDEE.

@CW 37570 (XU ) 2i5E.

@IN 3575 7DHFT2EE.

@T1 RS 75 IDOHFTO—~BREBREE. 1 857570 TFTI2EET 50D
EHINS.

@JU N5 T5ITDEMZHARIEE.
(@NJ 28ELEVWRY, BRZESALEL->TVS. )

@NJ RS TSIDEHRZAADOBBEEE. TabL, @I UK XBAMEZ 5 A 2k
T5.

@BR NS5 T5IDRT EWITRIEE.

@D S ¥ITvax—2DEE.

@NL EHTOBAREE.

E 5

QaIN 5-2

aCwW 60

aRS

/8BT(1. ALGINTRODUCTION)///

QRS OFF

QIX8LG(ATF) IS A CONVERSATIONAL SYSTEM WHICH EDITS USER®

SCIENTIFIC PAPER UNDER THE 8LG(TSS) AND

MAKES A FAIR COPY OF THESE ON A TERMINAL OR ®LGNIHONGO aLGLINE
QLGPRINTER.8BR

QLGUSER CAN USE @LG(TSS) COMMANDS, FOR EXAMPLE R®IXALGCEDIT), @aIXaLG(COPY)
OR 8LGCLIST) ETC, TO INPUT HIS QIX(TEXT)> DATA.@BRILGAND, HE CAN

USE 8LG(ATF) COMMANDS TO MAKE A FAIR COPY OF THESE.®BR3LG(ATF) CAN
EDIT AND PRINT THE MATHEMATICAL PAPER, CHEMICAL PAPER, PHYSICAL PAPER
AND OFFICE LETTERS.

aNL

ars

/8BT(2. ALGCATF) COMMANDS>///

8RS OFF

FUNKFRYH KR 7 — 58
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(2)

HAUREES 2 7 2 ATF OFEAE

HRER

t. Introduction i
k= ATF is a conversational system which edits user’
cientific paper under the TSS and makes a fair copy of
these on a terminal or Nihongo Line Printer. '
User can use TSS commands, for example EDIT, COPY or|
LIST etc, to input his text data.
And, he can use ATF commands to make a fair copy od
these. i
ATF can edit and print the mathematical paper, chemica
paper, physical paper and office letters.

eom(@CWGO)—————_—_4
FOMDF * R b HEE

@PN XR—CRBOEEL LOHKB—CEB 2IHE.
@FN  HE%EEE.

@PE  AHE~— 2EE.

@Us NFEHICT #5428 #5E.

@LF NFB LTI OEFE 2HE.

@CE NFEL LOXFIORREGE 2HEE.

@RI XFBLOXFINOLEE 2IEE.

@UH  kioHik2EE.

@DH  ¥ITH T 2iEE.

@DC (@, YOHPAXF 2 MORKLFITERI B HHEE.
@L1 ATF &S DEHL2HEE.

2. ATF commands

@NC BRELTHBLELAY F 407, 209 F 407, 47 07 47, ROENE,

RERIEE.
@IX  KIFBEEREE.

(38) XFoiEE -+ FHREPHEETS.

FROEEDS LRI, XERTRe—< &K, BABTRA44) 5 74k 3.

@LG KX F2IEE.
SLGNIHONGD ALGLINE ALGPRINTER —— Nihongo Line Printer
LG (ATF) COMMAND — ATF command

@RO v —2 U KBIEE.
ARO(NIHONGO LINE PRINTER) —> nihongo line printer
FAR—5E % IRIT/RT .
1234567890
abcdefghijklmnopgrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ

@IT 1899 7V ERIEE.

QIT(NIHONGO LINE PRINTER) — nthongo line printer

FRO—F 2 KITRT .

NMKRERBIE AL > 7 — K8
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1234567890
abcde fghijk lmnopgrstuvwryz
ABCDEFGHI JKLMNOPQRSTUVWXYZ

) 7EREEE.
AST(NIHONGO LINE PRINTER)
FERO—F2 XRITRT.
1234567890

abcdefghi jkImnopqrstuvwxyz
ABCDEFGH | JKLMNOPQRSTUVWXYZ

F— FXF (KF) DEE.
QIT(ABT(NIHONGO LINE PRINTER))
Fh—E(o—v ADE—VFXF) 2RIRT.
1234567890

abcdefghi jklmnopqrstuvwxyz
ABCDEFGHI JKLMNOPQRSTUVWXYZ

EENFI2RT.
ABC@SP2DEFASP3GHI

@ST

—> nihongo line printer

@BT

— nthongo line printer

@S P

—> abc def ghi
5.3 ¥ HEE

@NP HR55570DKE.
ATF R, ¥V XF, ~BREXES, FREXOBAELE, REBIVOCRFORFEHNTS
CEDBTED. LNHLDEBEOHNEREZRT. LALDANFERERDOWLTIR, N3 ~E8 »
ZRan.

¥V Uy XF

ANP

?A ?B ?2G ?D ?E ?1
2N 2?2X 2?0 ?P ?R 2§
AaLGA aLGB ?XG ?X%D
ALGK ?X%L JLGM
QLGN ?%X ALGO ?2%P
QNP OFF

HARER

?H 2C 21 ?2K 2L ?M
?2T 20U ?F ?Y 2V ?WaBR
QLGE ALGZ ALGH ?%C aLGI
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