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In this report the nature of cellular regulation on genetic
level is considered and the application of symbolic logic for the
analysis of digital control is tried. For this purpose relay circuit
composed of electromagmetic relays and a switch board is const-
ructed.

There are behaviours of the digital as well as analogue (con-
tinuous) nature in the primitive control system, so that a com-
bination of a relay circuit and an analogue computer is tried.
In the Plate 1 the apparatus in the central part is the operation
part of the analogue computer, the one on the left is the power
source, and the one on the right is the pen recorder. In front of
the analogue computer there is the relay circuit which is rather
a small apparatus composed of relay kit (left) and switch board
(right). The circuit of analogue computer is comtrolled by the
relay circuit and the output of the computer is amplified and fed
back to the relay circuit.

The logical equations for r (repressor) and o (the state of
operator gene) are given by (3.1) and (3.3), which corresponds
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with the circuit of fig. 5. For the purpose of interpreting the
experimental result of Ono and Kameyama we considered a sort
of RNA, which may combine with mRNA and inactivate the
latter. We suppos=d that the former RNA has some relation with
repressor and called it #gRNA. There is a mechanism X for the
pRNA formation. The logical relation for X is
X=ro"=rN{0*\Jo°)

(see fig. 5).

The kinetic equation for mRNA and pgRNA formation is
given by (4.1) and (4. 2) respectively and the analogue computer
is plugged in according to these differential equations. Fig. 9 shows
the corresponding block diagram, where (mRNA)—(uRNA) of
(4. 3) shows the quantity of mRNA, which is not inactivated,
and this quantity corresponds with the activity of the enzyme
thus formed.

We tried at first to analyze the S-galactosidase induction, then.
tryptophan synthetase formation (see equations (5.1) and (5.2)
and figs. 10, 11, 12).

‘We also considered the mathematical analysis of the primitive
control system in general and the way of simulation of such a
system. (5. 3) and (5. 4) are the general equations, where Ry; or
Rk is the logical functions and fj; or fi is the ordinary function
of metabolite of each compartment. Fig. 14 is a part of the direct
analogue model and fig. 15 is the corresponding part of the indirect
analogue circuit.

The contents of this paper are nearly the same as the paper
which will appear in the Journal of Theoretical Biology.
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@M= F iz & 5 simulation

23 O0EZ LTV 723, 19594E @ Ciba Foundation Symposium®
T, 223V “HIMEE” oovBElL <A ToREs L b B
Fohn, 2 CRBRPHSFLATELLNLHERE “ primi-
tive 7R 7 LA TV S.

Primitive ZA|EHZBOME» 0B L,

1) il d b EA SR S V0T, F0372 0%
DERAEZ L BALHIT Bt nH 5. EH L L TRREEL
RNA SEEEFL L OBMRA EAEEIZOIFIRLHTVED

i) mAE AT DWTIE, 201E720 3% T 23WHIBMAS» O FH
THlEA S v = > (ERIGESLHIEOIEM 2 3 2 metabolite) & 2
SNBTHAS, & Danielli®iFv, T3,

HHRT L e T ORI

2) BEFLAALENLTHZBD0,

ZAUHETNEF @ open or closed DRMESH B S paibhi s &
312, FRANCIIE - & 9 L7 digital Tk - Ty 5.

b) BEFLEBEERFRRL, ELLTHERE DN S 0,

ZREEB LA EVS & analogue B GEEEER) 124 - TWT,
FREIEER (HEERZEE LI THETHRA) LLTABLE,
D200 EMIENLEIVH TS, ZDIDITFKD22H8E LS
ns.

(1) BRECRGAMEBNzOESTHERTFICIZ30. o
NTIE, 2R (BLTRRIERHLEAENDIOTD, T2Hi
B REE, THWREARETH- T V) oo b &, HTHE
a3 BmERTF 2 00T, BEoREod sMoREEZEL
3 LT 2 EHEMATRIER T, —Hi® builtin stabilizer /2T EHT

(1) G. E. W. Wolstenholm and C. M. O’Connor (ed), A Ciba Foundation Sympos.
on the Regulation of Cell Metabolism (1859).

ZOHO L OHTWORRBEROLMEA LR S.
Cold Spring Harbor Sympos. XXVT (1961).

(2) C. E. Smith, Science 138, 3543, p. 889(1962) ; H. Hydén et al, Proc. Nat. Acad.
Science 48, 1366 (1962); KAFARI Z 5 W5 H/EYONT W 5.

(3) J. F. Daniells, Exper. Cell Research, Suppl. 6, 25 (1958).
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B & 32 B,

(2) BEEREOERSHEEELZHIE LT, EiE#0 D parametric
2B BE0E. THEBNIEMICTRER ISR EL S 15 HE
PRSI ERLLY LT 230T, (1) 20 3EED (Cy-
bernetics TV 3 X3 7%) “EHLHBEOEA-LS” MHFFTE 5.

H OBh¥EMIREbosz 2T AEMSRERF (intensive factor)
Thoban, ZhBBRREIhZHEE, 22 I REPWHBH o flux

24
flux=throttling factor-intensive factor

oF% + 5. zo flux (f throttling factor 2 & » € & HFEMIZES &
., ¥ parametric forcing ¢ 3w o TW3. BEEOEALLEREZ
NI H o TV 5.

B OBERFLEHMOBHEIROWT OISk 2 LT EHN 2 EHT
7t 5 (intensive factor=0 CEFHFLEHEIHTL 3). BHRETAL TS
(Btho k5 RHARTY) 223 BHECOWTRBERT0 L7430,
BP0 s s (BPHEZY), chzERHLWI0THHM.

8B EERF #0 T3 throttling factor=0 r 7% b, flux=0 L %43
LE, FREI AR AZREE VY. ERTRIIVIRES LIEFL
BHBShTW3LE5 T2,

I OB EIEER ISR, Lo AlRF 2 HRERIZET
Db 20T ([EHEO—HIL ribosome & EMfAE % 5T LK<,
T AEFDH BESL digital T7: £ analogue IT75 » TUWT 3 L),
WDEIITHITTHELATS L.

(a) BE#EMICHERTICL 2ETERALE.

(b) [H#EAYIT throttling factor {2 L 3 parametric 723 . =
DHDITE 7

(1) HIfmEE»s DNA L<A% &3 b, FEEAITIE digital 7
Ho.
(2) DNAL_A%LEBBZLAEL, BEIZE - Tl analogue
23 o.
B D 0P, HENTY DNA LA EALAVERLNRS D

(4) ®HETE, F2 27, No 8, p. 416 (1957).
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7 @ = F 4ic X B simulation
DIZDWTIE, WAWADRHE, BABH30TO®, ZoFE TR
DNA L~Xi#fd 5 digital 2H#EBRZELLTLY BT, #T
BZLITT B,

HHTEREIESET L 2R, switching [EJ&IZ I % simulation %
Ao, KBREHOBES, HLWEREEDZ-DDORRLER
L%, ZITHEHELZIIELTWE. &5IT, 20k 3/ digital
FEg7 I CiEEL LIV DI, Th e analogue FEME L i
a4, FHITLE D DNA LA ALAVERLE#EOIR6S L,
genetic 23D EDHLADVIBITLTA LI L LTV,

RBEZDL S e T MR RERT S FEMFOHT T D E O
BIEVDT, ZZTHRERELAIODY LD F LY, MBHMTHN
B LITT 5.

HBERNEZ OV THRBILAMK GELERR) P/NFEER
(REF) LOVT|ALRAZENEL, ZoBEINFROGNE D
BCPETH - 7285 FAROABETL O ZHERTZ LTS RA -
7.

2. AR EE Feedback Control

KD &3 e BER RS

E
S—>P

FELTHD &, AEKAT S KIS0 TREIZETIIFHITIE free energy
OERTEZ 5. Blb S—P &uv 3 RO chemical potential T
ZMERFTHLHEND. =FALLTELSE L, K1 OKMES
Zhich7an. RIS LTEESE E ofi eI, & ofo "B
&5 TG L TWT, BTSN 2 2 RISOHEOKRS &
BEIE» T3, ZOFOMEN (ROOAE) © L)%, E#EN
771 Cid 7z parameter 23HHEANCIZFRERF & FERIC S—P © flux

(5) XBE—, HAERF 20, No. 12, p. 220 (1962).
(6) AISBRARD, £HHHE 1, No. 4, 253 (1961); 2, No. 3, p. 2 (1962).
(7) MERE, KBS 12, No. 8, 80 (1962); J. Theor. Biol. 4, 179 (1963).
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intensive ||
factor —

= throtile — Ir};ec?f)lr\fe
factor —
throttling
N i \ factor
Vae T sigital )
control !
analogue
=y cont r'gol

(a) T
digital #i#1L analogue ##EoFl, &t intensive factor > throttling factor
ORRE EERLTL 5.
&K 20T, parametric forcing L3 D TH 3.

1T E IZ&7: % parameter ¥ 5§43 2 E 5 EHEEH 1D,
ZOHED LB O IR EHML OLFE T, FHIHShRE (BED X
) J& parameter) ASTEERICH /2B,

B LR “opDOEKRD D BHER % parametric 123253 " &
S7, BHNZdD (BRIBEL®) Tthz. 2offRe LTES
LB % response L\ o T3, HHMITHE - TZ D response %4
LY IR ASHIERT, DD D{TZ D response & HYEMIT 4
LD DENTHEDRES, 2F H servomotor DY 3 A3 DEELZ
Ty %. energy rich compound 7 &, ZOEHICH 2.

THATH L CTHEHIO pattern #3% D response ¥ 43T 23012, 5
HLOHE DL conversion 2BERLE, £330V RerBREL
Vo TW53. mRNA 4%, tRNA L7 3 /B0 & DR
FRPHIERIT B2 TV 5.

HITIEIR L 3T 54D response DFHIZ 23D T, £33 3
DETIY 2P BB 72 & &, 23V MR S DIz “ %
Cav "i2d e b,

RIT, BROSHEHTE v, BT R L0 LI ICEkR ALh

(8) BEEE, BAWE¥LES, 15, No. 10, 528 (1960),
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F [\ = 7 A2 L 5 simulation
72U, 7203 control TE7pLu> response LAY 3% 3
D% HEE (noise) Lu>o TV 3. EMAKNITIE noise 125725 3D 3
FHUBHBITTHS.

K 1a D3 REFTHRA sy FTHTV3LE, 20REZX
LT ak, Bl X=1 MonithrstsE, X=0IF off ita/b
Z 3 v Ry digital 3 0 Ev) . {EEHAET O open or closed
OFEAR L NIZHB. 72 Ecoli (KIBE) @ i* 28T 31 @
L3312, AU ERMBEAEI A digital 2EHTHS. L
2o T, 23503 GRS F DR 6 & it switching [EJ&T si-
mulate T& 333 TH5O.

ZhIZH LTR 1b @ & 312, TZEEHTHHEH (analogue) 127
MABE2»22LE, ZOBERSBET2LALNBHROLI %2
3 O % analogue Z{EWL Vo T3, ZOEHOMS TEHESROH
EHAHDBEE, BT LIFRICBRICEARNTHC LRV AW
DT, FH5VIBESMILVEEFEPFAEERE D O DTEEE R
FEE LTHBSEZT LTIV, LALERTE, Z3WvW3Foz
AT LIEAVE ST, Bl A TIRE LTV LK
x5 CRiEEL).

BT TR EEM L £ 3 EE L, response (FORHEHD L 3 7))
PEETCHOLDOLADIDEELRT, Z0EXHEML 7  modulate
LT response #HI#LTWV30T, EHNATEITRIIVIZE
BB, HLOEKFIIZZEIVIEAAE T LT o TWRVD
TH55. Bl T response £ LD TERETBUATO—HL
42 L =5 feedback 23 b, T ZITHEIHD closed loop 258 5.
LA L closed loop #3%%, =% b feedback 235556 V5 T,
TRTHEVH® S BHEIEICE > TWEbTRAEVDTHS.

HOTBEERISD feedback L V- TH, HEMIEO & 3 28E
iz d T b o TiE L, fifloresponse DFfFiFA4 % & open

(9) M. Sugita, J. Theor. Biol. 1, 415, (1961).
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K 2 parametric Z{EM® loop iZ72 5 TV 3.

=i WIT X LV A U L5 %
U z)>697:2.6ﬂ5u&3‘% L, Bz
M2 nr3iz ¥Y-X v EIET

y —f o x

X 2K bh, #ORIGD flux i3
U T X 9 parametric iITKBE &L 3

LT3 Zo X ag7 (E)D-E &
S,li.p W35 EFS (BEEAERR (E) L E
@ precursor) #FH L, E I S—
P 2XECTHLET AL, SOP IR U KXEEh, YoX ®

(E>—E i3 U of# 3 Sy L~ EE (K2 IR
1TEf %07/ 2 21858

M (Ko flux 3% Y_E\%\_L@E_:\__P
T B 72 5) 1AL L F
TWwW%. Zihvz digital
ELT=F NS bbb L, TTxEME (activator % inducer)
EFBE, YL —D make HEEEMHLT, M3 0L3iths.
U=1 BEHDR 1 » 7D on KHr25.
U=12U=0 L3 EMAz0Y L —BRT22L L0, SSP O
Y L —® open > closed DIRHEAS response L7253, EHIZF DE
R P 2d5bTRRITBSKKD response L7253,
Analogue RO Z Lidd L TEZS.
B filft (inhibitor % repressor) D& it Y L — D break PFEH %
TR 4 X3 gl
ToL57 Y v—EREIEDL O, B L % B 3 DI turn-
4 BSOS L~  over ®H BBA T, /2 & 4 ¥repressor

(ol DEEATOL b, hOBBEA
S Ny P Ao ERRETF 2 closed DR BEIT
[@ fobHi T, repressor o< b H 4

E

flux 23V L — DOFIEER I H 7 5.
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F[E e F 42 L 5 simulation

B 2EOMETI A TEES N, HREIATRALWTHLED
T, ZOBMRERORESHRER S 72 T3, Eflife LT3,
AfdE & LT3 RISIBS Lz v ol ool it 48, T
PO 3FE L IHEORBEND Y, 0O 0TI BRHESL
ORFERE O DTHS.

ZHITH LT, turnover (BES % T DA &£ 2 /25 OB
B H725) 2T OEZRLTIVE S il @EFERE) T,
2075 FER 4 v FT simulate T& 5. DNA 7 & % turnover
BEZELSTICDT, S=REZEICLS 17,05 27 BEE, Ko
BX 5 X 3T switch @ on, of Thi 2 TRNIT L.

TS EREREE S TIF & &, EKO KGO response
T TR EL2R08BE s T W T, EHERKD closed loop
MBTETWB L E, —% feedback #3353 Lo, TH L. EKHT
ok aER oF 0 REEXET 5 parametric 7237 5 &8,
ZHORE® lux 12X b 3iFoah, 27 % 54, feedback % feed
forward MSTEZEL, TBHEIIZD network 2ASTETW3, LEBETIMm
55. LT digital ZHRPHEEZEZELD L, 25V BN
XD BDTHS. analogue LR é IR ENALSBLTEZTANIE
.

DL 3T, BROBEFERIEIED flux ik, THZh, Zh oo
FUST BT 3003 free energy OZ{L LU DWTHZ B4, =3
AF - S ORYHEIL 30 LIFEROGREL Z—ERALT 2 A
IELTWTY, —HTRzAarE—2PHER W, —FTRES
EDMRABDT) BRADZEMMBERIITHZ. ERTETZES
LE, BitoMn3GE e, EHEOMNEGIRAT A2LERD S &)
BRIDTHS. e

LZABTVE, S2P @O P 5 bh/72 U E ~OBREENSH S L
%, DNA L~ ls2E5HE, L5 VBENELLR, W
FIZZ DM E S T3, F) 2 1IXRTF 1 digital T#F L analogue
GEmBM) Tds. $H3HIIBEL LR %L induce L7 b repress

9
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T oA, BEIMROTEERZELRT 2 LEEn8E . E{bFoFT
I3%%F % feedback L33 137, RAIT 32 & 30FH 5 & feed-
back inhibition 72 & E W, THIFIF I WD THS 5.

LA L DNA L_A% tE28483, Mo closed loop 233 3 L)
L, BEI¥A5A2 E—F0 feedback 2H 22 L1273, Lasl
BE L RS 223 % 525, feedback induction & 2s feedback
Tepression Vo, THiITIEE LV Ohd iy, ABEHBIZR . &0
DIFoND LIV AT, WHDOEBHAIL 7/ 50T, feedback inhibi-
tion ¥ HALIL repression 3 H B, Lol EdEZ LR, FHu
SBERT 7 r SEEME OHE Y T simulate T2 313 TH2 6
R ‘

3. E coli © f(-galactosidase A%

1
Jacob ® Monod ME 2 K% =F AT 2L 5 O L 3Tk 3*.
T ZT K, id inducer 72 & 2{¥ TMG (methyl-B-D-thio-galactoside)
5 fB-galactosidase #4557 o 1 B 2%

. Substrate
S+ T ot o*-0° y* |
Iq\_m_h—@; (R, | Permease
Ks lamp  Kq Ks lamp LZ+

. B-galacto-
sidase

(+) B0 +0WMERE» T3 2 2 25FT.

AHAE on, ZiFhid off, Ko (2 i* DL & off, i TAWVE & on i
T5. 2 [HRETR

TMG 24F¥E ¢ % L & TMG=1,

TMG 2STAE L2 E & TMG=0.
F72 TMG OFKEE TMG L4< &, TMG #8

FETZ LS TMG=0,

FELEVES  TMG=1,

* PERFERELLDOD 2 ILRMBLESDTS 5.
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# @3 = F iz & 5 simulation

E73. F718 L) mutant TH B LS

11

=1, 1=0,
i Thwvwez
#=0, #=1.

o Ko 12 =1 0L & on 24 5.
NOT HHEEEFT, YL ~D break TH T2 S 3.
T kit g LSI(OR) 1 THB T L ER LY, Bt ThV
d0E i LT B, ‘
iT=itE, =it
Edira (po 12 o**BH). T K i L& on, i ThVWE
&, DT H i+ TRWVES off 1Th3.
3 3 & repressor(r) %
r=i"TMG+5(=1*NTMG\i®) (3.1)
L3 SRERA TEE, EEEMNREND. o TMG DA% LIC
Fod r=1 (J8f6) L7253, 1 Thyv (8=0) & &%, it Tho
(AND) TMG ASIEFELRE & *¥* =1 L /2%, i* TB it T3 v
Lta, b1 T3 TMG 0 5hLICE ST r=0 (FEERE) Lih 5.
2% b repressor {IfELE L 72V, T3\ 5 strain % constitutive T
B2 LV, it @b & inducible TH B L 3. RBLEREBOAR
kb (31 kbhTEDBE
T=B(TMG+i") =N(TMGUi")
Lz h,
F=is+i-
LT L (o P 1'=0 #{#-T)
T=F(TMG+i5+17) =8{TMG+i") (3.2)
Lz, Elb it=1 7 54T r=0 T repressor I3fF#HET 5. =0 D
L&, TMG MEET 2, 3 LR ORI DLERFT=1, OF

¥ ZogrREMLVL, FfofRbrUrv 3R Efl C iy, KEECR+FEE-E0R
DHARTHBC eRbTon, WillofRfKito4t s Yy rofRoR e —voFFEXHEI L
[ -

*x COHOBYBERLw, NORT R i,
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O repressor RFAELZWV. (3.2) it (3.1 LFULZE #uvs Tun
525 (3.1) FOHETHTL 2L ZAMNHEAVDOTH 3.
RiITr LEERIRETFORE. LoMRE RO 2 L, K5 &b K, it
o'=1 DL& on, K5 i3 o*+0° DL & on Tz LT 5 & ¥,
0=10"(0*+0%)
=(r+0")(o*+0%)
=1(0*+0%)+0"(0*+0%)
=ro*+0°(r+0")
LZAHT, ot=0"+0" of =0+
tEzona0T, b of TaVv (BEBETHEV) 3 DiF o 4
(OR) tE2onz**dT, (3.2) kb
0°(r+0") =18 08 (TMG+i~) + (04 0®) ot =0°
¢ B¥oT
o=T10"+0" (3.3
DEY oF T r=0 DL I, o°(i®=1 TB) DL & o=1, D2 b &
BhfRFid open L7253, %3 TAWE IR 0=0, 2% b closed &
3. ZhiZHLT o #20<¢ 5L (3.3) kb

S=r0**0°
=(r+0")o°
=(o*+ 0 (r+0*)
=ro*+0°(r+0%)
=10*+ (0°+0°+1)0°
Z 2T "0+ 0°+1)=0"+0(o°+1) =0’
tBltszoT

* ab=a+b, atb=a b ru 3 AR %M.
* % 0% 0% 0° ¥ ux it i, I kAR bbby, MUERBME G 5, X
ERt4
05=0*08+070¢= (0% +0°) (0¥ +08) = (0* 4 0%) 0F0°
Wb HL-Akvk 070°=1 i30T, MM ot+ot ki 5.
¥ a(a+b)=atab=a puw5ARN%M5, (a?=a T ab it a LB Eh3).
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FEMK = F iz L 5 simulation

o=ro*+0o° 3.4
tixs. Bt ot CTr=10tsE, F/20d o 0L E, 6=1, 0=0, i
HIEREIEF i closed DRI L 2. = 2T (3.4) % (3.3) O
BHYRFETH 3.

Plloz  3ERMNERLI DS 0T, 3.1 kY (3.4) £TD
MERICHET 5 5 OEBE=FTAE, EBRIVFMOND E coli D
behaviour % Z 3fRE simulate LTW3 ER2 2 L28TE 2.

(3.3) & (3.1) LbhrziBHT AL

0=F(TMG+i)o*+o° (3.5)
Ihz 0T FRBETELEXGE @ () DLITk5. 53X 6

@@y, Lo 6 H\CHEICEM A ) L - E

13

WHERNEAT L -
Wi BT, £ ™G ﬁ(? o ! «
DIRE T34 PR

@)
fic, zokiic o ! 0
SRRV SR 7z []

BRIT Z DIz
36 o (b), (),
(@ 7 EvABN5
T ZEMTE
T, —#HBHICIL S
Honmv. L
LZInzd - sl te)
AR TERY _
HELLBEAA w is © NOT
b, DT L o °
¢ZBLEVTS

(d)

L, ENHDBHB (a) DR OFfHL T inke» TV 5. ¥ % heterogenote m & (a)
N () REFERAr=1022Y)L—-RAZTADZZ LY, (1)

B OIEAREM L 7 Bobon r=l 0L E, MEOY L~kH5B LS RioTL 5,

5. L»LZAL Sthrill LT (%) QHTS =1 0L FPRB X DK T 5.
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TH-TIACZLIETERA, ERTRFNIER S VE—BHIZE
OB LEREEETH B.

T 2RDOLETHET S LB TH B2, EBRHIZEr 28075
%5 VEITHE. LI ~FaDfE&s#E22L, %
D—FA 1T TR D &, T OFOHEREFTOL bNB
repressor ASEJTICIE/- 5 { O T, inducible 127 - TLE 500, #
KRI6 @ (a) LS5 WP KD, ZOHMRLEEE3THSB.

£ 1 EIETORE B S O K, i, i D strain
r=0 1 T2 b3 repressor {Z o° (D
Th o TRAEVHLEK T h
) DL EHF r=1 T (i’=1
T3) EBBRETIE2 Sh R
DT, open DIRFEIZAR 2. Z =
T o, 0%, o® D4 mutant TD o
0° 0=0 (closed) N
X=0 FROFLILHFTH. Xz
LiEHLTERS.

ot  o=1 (open) | 0=0 (closed)
X=0 X=1

o¢ { o=1 (open) | o=1 (open)
X=0 X=1

LZAHT, 85T

i% o* 2*/Fi* o z*
& v~ 3 heteroge-
note ¥# % 3 L, X 7 Theterogenote, i%o*z*/Fitotzt D&
R7ok3cns. L
TZTXKid i
@ TopenK, ot
7z D TCclosed iT7s
3. WHHEFOM
FBFTRitroT

T, Ky (dclosed gy g s iaiF (trans ofifics5) o B CHEE RS,
Lixz. AT

(10) F. Jacob and E. L. Wollman, Sexuality and the Genetics of Bacteria (1951).
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F [l = F 442 & 5 stmulation

repressor {3 trans DffEIT# B operator gene 123 (375 ¢ DT,
Roliicr offasigsnsg. Lal K GHE-TWTWa0 T
0 (3 open L7z b, BEREGHIL o° TiRESE 2 bhinr.

RiTo=1 D L SHHERRFOMEAL AL ST, » 5D RNA
BTEB**. Lo L ZoFEHAMT Ty 2 mutant T o=1 T3
mRNA @O oz, 22 Cczofifosz3 0 (B4R L 5
IZ) % 2%, B3 D% 27 LL, z7=z" LT B LIAT gzt T S~
galactosidase (E;) %2 33 DT, Hass B & HER
BDHBBHZID (23 30EMEZT VOB L TEBE#MA 2 &,
SHENET D). Z T TILEOMPIBLER 2 1L 5 BEE (B) 2o
CBERMOBBIDE vy, D&y LL, y =y +33. 2* &
vOEBEETFHRO ETRIEGETITS - T, L3 ENEET o
37252305 L3 T 5.

K3 y" % 28 OB on, off 124 3L, ZHIZLO Y L — 38
37250 T, KOWMBERITH - T E, B 250K 5003,

E;=oy*, E;=oz" (3.6)
Z LT, E2 I 25 BERMWOIEFESRIT
P=E,; Es=oy* z* (3.7)

TH72A 505, =TT ATIIEIRITADS L3k o T3, 2T
o ILFAEIAICIHI o 1T & L,

X 5 3REROBMEDITHS P 2E2 R VLEOEBNEH LUA
DD THB. LoLIDL S 7k digital model Tidd bbb i
BRI DBEDT, TRERILELZTHDZ LIZT 3.

* 0 Ky AT, ko ot+ot ok s nizk UTvaFick 5.

*% 4H Jacob o messenger RNA x5z ktivbiss, MIED h XTI BIEh
ID oL nds, 4ALERTIBBRESSH TS, & ZThb—5H 5o RNA
L334, R mRNA o pRNA WS HUAE 23 THI LR LT, baETCoRBRY
BRrEo LT .

s %, Paigen(]. Theor. Biol. 3, 268, 1962) o censor RNA otz o HRNA
T 3.
Q1) hEMZEh, JRardt, S{bes 12,85 15; @, B3 32, No. 4, 216 (1962).
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4. mRNA OMHFWHE L 7+ = 7 HEHEOFIA

mRNA IZ2WT, WAWALBDZ LREL LS. Hl2iF oo FTIX
inducer A3 UL WIT B-galactosidase DA ATTH A % 43, in-
ducer #37p\~ & repressor AT E B7- O Z DFEED AT Jacob &
(1961)Dic 2 2 E, 14 KBIZOND. Zhid o DHATD
repressor A3 % LIEMNEBEFOEFANE B, LEBELZH LD
3, oL L4172 RNA D #H 3 b D% repressor AIRIT/=7=720 3 DT
LTLED, LAIRLAGHIZZEI TH5.

F 7N 5023, B (B-galactosidase) & %1 DNase (DNA
DIREEE) #In2 DNA 2 27 LEFROARABHH T L, i
cell free & T inducer DIFAT THE L7 RNA 22 % L BEES
BAIHHE T 2 45, inducer OFHE LR VEHBTOK S/ RNA 20
ZTREIEMIVZ L EHER LTV, 8512, inducer D 25EE
IZE&R & RNA &, inducer O E 343 RNA L %
HIERAERRITMA B L, FOBEARRIEIAONZIZLERAL
LT3, Fif%% mRNA L2, %F% pRNA End ZLI1ITLT
#% L, pRNA {3 mRNA @ & 35 atEE v idax 9 2>, mRNA &
BAETHLEEZORELEE2I X UHSD 3.

ZOLIRELZL, o HiNEED inducer ALV E, kI
SRNA LEFR L7 3 023 TS T, mRNA o—¥ % RiEELT 20T
EH 5T vd, o8 THBHHh 6 repressor 25 - Td mRNA {F2<
S5 3%, EIERIC repressor D7=%HIT pRNA 32 LB LEZ D
2>, repressor kA pRNA THBLEZTREITHA I o T
2L cell free D & &3, inducer 27HVDT pRNA RT&H T
LRI NILLIZZ ) TH B,

bUbNIEHRESRICLRELEHRE 3 - 72 DNA 04580 RG D
FF (double strand DFEFM) @ pattern & pRNA & 253WE7

(12) hEH, BEMBAT, DB, BEELEs 2 oY A 184 p. 14 (1962), J. Ono, K.
Oda, T. Kameyama(in preparing).



BETHHOWBDBRICL 2HFT LA+ |,

# @ = F iz b 5 simulation
ZOTRZVHEHRL, 3LEIv3 3Dk 5, mRNA &—fBick
o724 &, DNA © L 3 7z double strand 130 < &7\~ T3, s
OFREEDETHOERBH T, £37%5 L334 ribosome D LR

LTHRAMA pattern R 8 HEEHOIKIE
0 ABEAbE 3% " P

Q 0™+Q
bhd, LEZTIHA O Ke NOT Ks ©
5 (FhEE2).

oLk REBOTT
R Z < &, cof HIOEEEXEHiTHLABEL0.
%10 mechanism [ 12X 2DT, zhz X LW TES D r OFf
HOR8D LS AFEHLTHL. ZD4FHA mechanism ITHT
BEFEAMIERIICRET 2 FETH 5.

£ 25T mRNA 28 pRNA LFEED L & 2 5%, RNA @ turnover
CBIR L7fHiE 7 7 v SIS L ARB LS 23 ADT, KOMS
HERE#EX 5.

—‘KdetL‘A*)=Rl pi—k(mRNA) —o(mRNAY(4RNA)  (4.1)
—d@;flﬂzlzz pa—K (uRNA)—c(mRNA)(uRNA)  (4.2)

P, P2 RERFNOMEE (ARITL 2) T, (mRNA), (uRNA) 37
NENDE, & K 3F0Fho decay 2RI 2B/ TH 2. R, it
0=17%5 1,0=0 %25 0, Re 1 X IZL 9 1 E7X0 L2 BDT,
Rip, Rope 139 L —~[EIET on, off IZH[HISINZ. ¢ lifiFHD RNA
BREELD > TREEEE NI RIEOEHTH 5.
EHRETEBORE=0 L LT

(mRNA)w=pi/k, (URNA)s=ps/k’ (4.3)
LB, FIZT, K>k EREL, HOMEDRD pi=p=p &<
3

(MRNA)e> (RNA),
Li2d. TORBERBEICENLI THE. /25285 (¢=0) i
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p=p=0 L322 L BEBRNICTE7 LT 2L (DNase & &¥T
DNA #ZdHLTLEZITI V), FOHBD decay 7 AFiFik

(mRNA)=(mRNA)e*, ) .0
(URNA) = (gRNA)e ", '
LB,
O 7TrwrHEED =, s HER
(mRNA),

velay
(__) YEl

B - ~(mRNA)
(0) #

recorder
(mRNA)
~(LRNA)

Sign ch
~C(uRNAXmRNA) " S MET

(eRNAY,

(LRNA)

potentio-
meter

(mRNA)—(uRNA) ¥kwsra0bo, (—) REOBTUEL»F 52 LK T 5.

ZZThiD Platel Th 2 L) a7+ VHEHSLETIS Y, K
9 DE3hTey 7KENEMNT, Ry, Re @ relay #F0LFRE 8
Do (Fhiz zt TERLLYVL~FEBo7 B & X Tl
I3 E-TWBET 3. 5L mRNA & pRNA OO & T
ko720 FXF DY (% d » T3 mRNA) ik

(mRNA)—(gRNA) (4.5

OBEETHEERS. TR S K 8 DL ke oy L—[E
BT, oo DEAEEIR 9 D Ry, R 2fHTE L, Ky ZANS
(TMG %2 &7:253) & (URNAY=0 L7z 9 (4.5) “H5RIESZ,
K, #2232 (TMG #3727\, repressor A Tx3) & (4.5 i
To/NEL Y, o DL EIDOHEHESRORNE simulate T2 Z & As
TE 5.



BEAFHIH ORBEBERIT L ST E X 1 » 19
# B = 7412 & 5 simulation

MBRLORMIDY 2D X3 ITERLLLEATEEFI THB.

DL AhELFD—2D trial T, THTWTIAEVELEBKE
ABBTOELTREVOT, JIOEKECATRY ABTHYT
Fod v EAVTHAVCTTET IO AIDTHS. ZOLIITHR
BRVTE 2 BV TRIRIT L 9 252 BFTIC simulation OFM2ss b,
REFDIDS “HEHLLLWVEHRCEDITT” 245D Tixk <,
BEREREOXZEEBLT I, WAVLIORELTELL LA
ORI LT BIDT, FIGERBE VI 2, BIRDICE X 21T
EHOH LB EAS B.

MHEZFNC, $HERHEEOHALIBE2RIETEEZIRLE
H3HBDOT, ThiFHHTHELTARBZEITT S (HiFE2).

7 (41, (4.2) BEORXALT o 7EE#ic 22T AV
LA, ZOX3 T4 FEAENGET e S EM AT,
LEMREIfEI R 7 @ behaviour % simulate 32 & Z AAHEED T,
TR 2RE T, TAIVIELHTHELTII L, b LR
BAEIBMICHT 5N oA T 2 THAS.

B EARHEREEFHERICH 72 B, Chance ORI E o
FIEREWTHIRICET 225, 77 v 2CHERS T« 75 ~FHEAM
T3 ZRPESBITEEE LT Tva iR, BETF L0 #Hss
MALTLBLEEEBRADE. 23 VIEKRTT + 7o AERRLET
Foo SR (E720E 7« P2 BB 2 dis e 3fTE A
kRS2 LI CEDOLEZDTH S,

5. Tryptophan &R DN

10 {3 Ecole @ (L {5 TV 3) tryptophan &K% T, an-
thranilic acidss Asase DEFFEMEMH T InG (indolglycerophosphate)
Eib, Zhd A ZAKE B EREDILA S & T tryptophan 2
5.

(13) B. Chance et al, J Biol. Chem. 235, 2426 (1960); B. Chance, ibid, 2440 (1960).
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Xl 10 tryptophan synthesis A EHHE i InG-In
Asase AB (indol) o FJit~ % i L,
Antgrcalmilic t 16 (!; Try. B EZHHE I In—>Try.(tr-
() /\ 4 yptophan) @ i % fil

B
Mo 1w By 38, £ RIS

InG—Try. T, TORIG

i AB DA L3 0MMKT 5L 3ICEL LT VS,
ORGSR % switching HE=FALTH 5 bH LW 0K 11
T, RS 2ELELTH58, HEREFOZLP, ZoMfio
HNZLEBAWLTHS. 22T Antht BHEEBRETFIT Asase 22
CBEMAMD BT L, Anth ZENRARFTVWBZ EEZRL, AY B
pEhrh AEBBPHE, BERHBET 2R3 2L, AT, B ik

X 11 tryptophan & B DR

) relay Anth* relays
-+ =] e
R NOT o Asase
A (Analogue )
’ Computer:
o) ol
Outtpw;
tryptophan
feedback repression . level )
( Amplifier yj—’
¥ L —ERRoifs

FRAERIFTCVBZEERLTVS. KD Ry, Ry, R, Rap (3ERY
L —T, Ry{d Asase ¥, Ry (3 ABHERECHA L7 00
YER % simulate L, FMHEOREFIE A, B 0B o< 5 AND

ETFTH 5.
F 12 377 e 73E 0 7wy 78RT, KOS HERX
a(l
4(nG) (ZG) =J1—J:—Js, )

(14) BEII, MREFEE (ETRI+)



BETHEHORBEBB L 2BITERA 1y 5
> @< F iz b 5 simulation

d(In) ,

——L =T, S.1
7 2 (G

—é&%z=J'+J3—consumption+input,

12 tryptophan Z& KA D simulation

=k Rag(Try)

ki Ra{InG)

ksRg(ln)

consumption
and Y
inputt Oiw LJs k4 Rg(Try)
ryptopnan K Rag(Try)
kRag(InG)

7¥e 7RSI 5ES (7o v s HED

:ﬁﬁ?%@@fé%.**fJniAmhaMG@ﬁm@ﬂm&h
it InG—In @, J3 iF In—>Try. @, 7= J & In—>Try. ORIGD
flux 277 L, (InG) & &id InG OFEF/R LTV 3. consumption i
Try. OWFE, input 54X b ZORITERIZH - 2 5 Try. OF
LT 5.

TS DREHE R Asase ® A, B R FOREIITRIh, FEL
B EEEFY L0 ol 1IThD, Jy, Jyee TERroLEiR
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OR7Zsd Yi—2ondts, BMEOEMALEENRIDOEZHS
HIITHE, 7F v SEEBE v, potentiometer THET B L H 1T
75,

Dk 3 RFEERIRIR Michaelis-Menten ORIZHES LT 5 &, —
REIEOFHAIE 7 S0, SHEOEE L—&k KIS0/ % 2,

Jo=R, k. (InG) — Ry ke(In)

J' =Ry k3(In) —Rp k4(Try.) (5.2)

Js=Rapk(InG) — R, &' (Try.)
DEILBERETS. Ry, ReAEE YL —Don,off ITHE-T1 32
7L ODEE LB E L, ki, ke 75 LiE potentiometer THhr-2 3. X
12323 LTABAR3DTH 3.

oL %7 R SHEMTE SRS output (Try. oL <) %
VL -—EEBICRTICEHEN L TR 30N, ZZTIRY L —#ib
WES T3,

HREAN D Try. ®L~<a (Try. &) #5435 & Z a8 repressor
2K b, fEEIHEET % closed OIRMEIZ LT, Asase © A, BOAK
THIZXB. kY L —[EEET simulated % &, HEMD output
ZHMLT, ZATY L— 24852 L3127 L.

Z Dk 31T genetic level # & 39, digital 121372 & { H78 (feed-
back repression) LIFHZ, MIME % L0 7 5 v S@iICid 7~ 5 <
feedback inhibition 35 & 3 Th 523, FEO7 F v rEHEHIX
MO HERF 2450 > TV RVOT, ZHEERLE L
S0, Try. DL AR 10 D JiI2E5 < 5T, 754 Asase D
Fiic inhibition &7 - THh &b, Zh% simulate T 317 (12IELE
WETF2ALRTRERGAL RS2 5TH 5.

753 A% B L) mutant @& Fid InG OERASE 2 3 A8
AEEOL T R4 » FEBE AR B ITLT, 7HarHEHO
InG O #EHEREICORCE, YREABE LN 2T THS.

ROFEHF DL kY v —ERE 7o SHERHA 2 EE
THB. EiZD~72 & 51T feedback inhibition # 4 L, repression



BETHEORMEMRRIT L AMITLE A1y o3
F[ljg = 7 412 X 5 simulation

BiFEZ2L, »23EESHITE. ZZTHEOZWESPNE S
TREA DD Plate 1 ) L — &KL 7 7 v G HEBE O HE)
AN 2S, 7272
J L =Moo
MDY =075
= IRl 3 < uas
AD DT, RN
Ik Z AR
b OEHTER
W, FRTZZiT
BTk 72

7 étﬁgfﬁlmﬂ,—?\\ 27 E@: »% kﬂwz{fi»&? 7 = 7’,;‘1'1‘,%@%3&?’; H, xok ét«ﬁﬁ
FnRy e La—&—, FERO LTS D00 L— oih¥E,

PA A RO P SRLOMHETHY Lo« v b, XOHOPERAL » FHT,
thXxh TMG obsisLe, it, of it& o mutant ORN%
L — [ f& DA BB,
TR EN B AR Z R L5 2D T, STIRHITFARITTHS.
X 13 A B*Anth*/FA*BfAnth'! o A, B HHHE
AR D simulation

Anth*

¥ 13 1% E coli ® A"B*Anth®/FATB*Anthi! &\ ~>5 hetengenote
ORETHBOSAN = 7 4T, Anth'e (3 Anth OFTITRER (dele-
tion) 23H 2 Lz, MTiddel v 3 2 ¢ v Fiddel D& & off,
del (deleted T7ZVY) @EFL LB IIITHRoTWS. 0, 02 324
ZPAEEEET #H b L, open DL SFURETADL X 518725 T
W3,
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ZORBERBERXOBRAT=RK 50925 @ 80 Anth?®! &y~ 3 phage #
ffoTERESOZLE, EREFALAZDOT, EXRENICH
EACAECARARCERE T2 0TH 2. EB TR, 20k 3%
heterogenote IZ PV 7'M T > EHAALLES, A EHEOH L H
72ATE B2 TS, ZOERTHDY IRV, BEIHON
TRM) 77722080 2L LERBDT, FOERMNLEHS 2
LiLs.

ZOEBREFEE simulate T3ITH, VL -OEBEX 13 0L )i
THe SHERLERS T DT, UL AES MY T
7y st bl BOKHEIPEBELONE LI IERICR .

DL BB RRETAREEL ZLBEEI AL TH B2,
—EOBEED LS HEMELRBURBTE, oLk hEFT AL
BT TEB LV 2Lk tThs.

IHE—PFAIZV S &1 Ly~ 3 compartment (chemical potential
D#Z—20H, —2OEBHOWHA) 2K 14 OABEDL > 1cE2,
Z @ compartment ~DWASWAHDRH D pathway TIHZ 3 input
Z Ju, output & Jy L, THEREDS [T THOHLTHE
5. ZOII =T AREERUTH L0, e F s
B DiE digital iZ on, off TEALHICLY, 2 3 OIXHEEH

14 EEMY =T Aro—5

Ryi /fJZ \ fik Rk

Rit fu (-, ”!L R ﬁk(--"m; -1, M)
Kl 7 & SR

(15) A. Matsushiro, S. Kida, J. Ito, K, Sato, F. Imamoto, and K. Nakamura, Bio-
chem. Biophys. Res. Communis, 9, 204 (1962).
(16) mETE, WEED, BAH B, B#E 5, No. 18, p. 12 (1950).
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F [\ = F A2 & 3 stmulation

(analogue) ITiE7- 5 FITL Y, /-5 3DRIMNHFICL Y HES
, ZOHBMEBEKED m, 2HRE L TITDATVE LTS
IRERBHITERTH L
dm;
dt

J=Ryif5( o miog, myy o), B}
] (5.4)
Jie=Rigfix (oo Mi-1, Mg """ .
ZZT Ry, Riw & m, R EORBEKT, ZoETELZLEE m
¥u-~<>rThbbl, m=lor 0 ThbET 5.

TR LT fro for W my REDEBOEMT, 129 v 2 Ths
W7 mg 12K8 D analogue BETCHB LT 3.

[ U metabolite 233 % & {3 analogue %z m; & LT, 5 & 3L
digital 72 m; & LT~ 5{ 2 Lids v45 %, repressor 23 operator
gene {2372 5< L &L on, of 121X/ 56 &, =101 0 TEZLQ
2. Zhizs LT repressor formation or inactivation {3 chemical
kinetis ICHEVHIFER L LTHIEES 1, (5.3) @ X3 AaRITHS & &
TIvTdsr3. 53 2G4 G1 R G2 o—RELR
52L3TES. I T—Oo0PHEMH S EFF digital ITHALE,
REEEOET Ry L% on,off ILHIET AL, TR EEIC
all or nothing D#AI#3{TH 4L, threshold BB 25 6THH H *.

Zauic L CEaEkaadl K 15 EEE = 74 0—
=FATEH(5.3) v
Wy R - TS
DLInTey 7ENKE
EzZ, B Jp R Juld my

BEOEBE IR, TS
L LT, 7w SRS Fg e LTEb R A B POk

=2T5— 2T, G.3
7 &

*  HFANC A (threshold) % me & Lk &, mo<mye %D Mi=0, Mi2Mio 2 H my=1
2 LT, o binary number o m; T# Ry # digital ez nsiseErsnTd
5.
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72 b, DDA (digital differential analyzer) THEATTIILE L.
2T (5.4) DRy AEREHRY L ~ThHobL, fin 7z LiTEESE
AR LETHOobYIFEI. ZDE3TEELB A= LD L 3 %
BN ER2HET 2 (I EREERSLS L1 BERRL A
BDTHH).

LA EEMEUE T A0, BEREEE LD 2L 2 HRET 5
DIERTHEOD, Zohbb, £A42HIET LTS ELR,
ZORMNOHEME GHEA) T3 koMt SaucH LTEK
AL (E i fEELD BT, AAREIRRZ O b 0 23— A
HEBIC R TW3ERTIVOTHEO,

6. BbyHDFIE

(5.3) @ Juy Bl E m R EEOMRIE, 53 0IE digital &
HEFC - TWT, £33 3D T Jy i on, off ICHI#HE 4,
503 EIRREHRBEEBEOERRLTNT, —FEot — = iz
HoTwWaAD, Z LTV L~-EROLSA=T1r2dTizH3 2L
MTES. ZHITK LT analogue ZMEICz o T2 3DITH LT
X, 77w 75 EAR 0 DDA 2 Y 2 Tid®, NHEE) S iudse
OB DAL BHHNLE S Th 5.

ETAT, BRI ERTIVWELT, 3312 X 2%2, =0
mechanism T pRNA ERIFL7A—HED RNA 2324 bh, Zhnt
mRNA D703 #HETEZ L85, LEELATLII—KREL
WZ L THAHIn HEBHE-OATRESRE (BL?) LTk
EMOT LV o2, FNICBIMEND O, 2B EHEITEVAFTZ
ROV DTHS.

LIZTRDDOWEIEEWANHAFRL B & 1) Nierenberg(® ik
BT Poly U HI# T3 polyphen. 30 < S4.3 %%, poly U & poly A
FHEFICES L7 3 VEBBOARIZH Z 54 F 72 poly A BTG

a7 MERXE, £%%% 2, No. 3, p. 50 (1962).
(18) J. H. Matthae: and M. W. Nierenberg, Fed. Proc. 21, 2, p. 415 (1962).
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F B = 7 A2 & 5 simulation
3> L. =0 poly A [ EiT uRNA L{RRLAZ$DDAT
Hy7x d DITAEN L, poly A & poly U (AL® mRNA {26 7:5)
ZEELLIBELD - TREILEZNS, LWHIHMETTERCTS
55 .

2) K. Yanagisawa(UMZ L % & Ecoli K12 0 58—161 &> 5 strain
Cit, inducible ® 3 D TiE methionin ¥ &7~ 2 RVIRETH DR
FHED glycerol KL inducer Aia iy B-galactosidase (320K 57
V2%, RNA AR LTWS. Z0 3 DT methionin 2H72 5 &,
»AEMoH s o THOL B-galactosidase DEWAIL L E 5.
2 LTz oBEo delay 11 inducer % glycerol DFZET T methio-
nin # H7-2 KW THBVABEICEFALTWS. 22T, ORI
2S¢ 47> RNA #2330 yRNA L %2 %L, methionin &7
22t mRNA BT Lo, EMB5FTILHS pRNA LFEE
L, 23 LT pRNA HENRINTHSHIE LSO T mRNA 233725
ST, LELLAAEVIDTHA 3. 2F Y glycerol 23 5 &
methionin # & 72 AW CH W AHIIC 0=0, X=1 L7z b uRNA
Ao biLD. methionin #H /22 5 & o=1(X=07) &%& b
mRNA D22 55, inducer (IPTG) BT OB/ LR
Th3, LFEWEhBDOTHS.

Zhiox LT 2D 58—161 @ constitutive 7z strain T Z D X
3 7¢ dalay A STV

PEoERIIH-0, ERERL2RIARAREEZ DL oNAH
W, AEFHEECARBEINCEROMEREL ARV RN
ELiclEsET S, a7 re S ol ey L BRI &
T eE, BHRIEHONIFEEROHMF TR OENREZILLR
TW72ivy, b THEERT 5.

BE 1l EFORES pH YT A-B 72 BA LW O R

(19) K. Yanagisawa, Biochens, Biophys. Res. Communis, 3, No. 1, p. 84, p. 88 (1962).
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b3 sharp ICHZ D, 7L 218 B ostETFarLonsSEHLE AT
EOWEENSLTB I 4T, T/~ A BETLEINERELTS
E2THALbonBBLETHE, BMHIMECBARCZE (p 7
&),

T EEAERZ ED helical LI OHTERI L3 LELTWS
AdH5D.

i 2. bhvbhD#E 2 H5(E Paigen(p. 1588 o3 oL T
T, RG(regulator gene) T E &D pRNA 230K b, Z i
€5 T enzyme 0 S5, F 7 OG(operator gene) Tl oORNA
L3 vIREZonO bh, ZHIKHE-T oenzyme 282 b i
¢RNA |2 OG OMHF D strand D4 &, F7- oRNA 12 RG o
HF OS5 L base sequence PSHHAHIZ R > TWALIRET 2. =
2T 3L uRNA %D enzyme oRNA R F D enzyme 7z F2i%H
i OG ®# RG 1226w T, pRNA 234 L2< 541, oRNA 23
72 BADL b steaely state ASTE 7 9. Wiz pRNA 2572
SATET, oRNA BALLATEAVEHREICYE 20T 5
LB RD. bhvbiuiZ 25T simulate L X 3 & LTWw
345, ZZT oRNA MEL 2K LNBEHIKES open, % 5 T7h
WHAS closed DIMELEZ T3, oRNA 2320< 545 & mRNA
BENIZDONT2L 6B LEHTVS,

RNA #3320 685t &, Paigen (2 DNA @ donble helix 2313 &
3% L LT3, bhbitilzassiz&Fss, £ E 3 double
strand 1T RNA #3F & DT tripple strand #-2< b 44135 RNA
EABLAED, BRIEL72D LTWw2D, IKEZHEPLAENT, &b
O bV LBRmMMITEI RS, BEFENZED LI E LTS
DTH5 (p 17, p. 19 ).

PRI S SIS RERTHTFETH 5.

FTE K 13 T del ® del DR 1 » FOHLEEHETF (NOT) %
ALs.



