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Microbes before recognized by Pasteur and Koch in late 19th century were
mysterious, though abundant around our human life. Today, microbes are used
to provide various materials from food to bioethanol regardless of their extreme
variations. This paper describes our continuous research activities focused on so-
called model microbes such as E. coli, B. subtilis, and Bakers yeast. It should be
addressed that our outstanding achievements started from the date of IAB (Institute
for Advanced Biosciences) establishment in 2001 have been globally influential.
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WEMD HHEREOEIZ x5 Z 230, EMORIZIAMEETL»
RBEZENTERVONPIRKDOIEEATSH 55, Fide b OEFEMIIMED
2o THhb, L NORERZDEDEMEMNEANTH S, NUTIZHEER AW
2L, LENOHREFEEF., H2AADKKE Wb Z T ) HABIEDS
WHIROP T, ERKBHIIEA LB EEHOR#ERH 5, £z, 73V, IERE,
Wb, Y. W SIRIEHHOICT 2 AEMIEE D IS KT, PUAEMREICRE
SN BERHERR, B TENA FRNCE S  THAEMPEEL T, &
h%kufé&&@mLﬁHﬁiﬁimnitﬁn AR A 02210
THEDEETNS Z L3 e <FHZEM@T 2 2 L850, EBAARKEGE
HZTREMEDN S 2B T2 H 6 DIFEH) B RITIE= 2 — 2 EN,

TANSHBERPIZEDS LT 20ICIEHICRA AWK At L
DEDEHNERDZZLIETE AV, EWI. HMllaTd 5 2 & 23R
ThH., FrbDBEREM? < LT LRI % 2 28, Rylh
SHANETEIMY L THES LTI 2008 EMTH 5,

NI E OB, AW, B E D O R HEE TERRICHMR S 5, FRcik
RENBZOIGEETTH D, BETIEIDNA TTE TS, 57/ A12iE
BETFOTRTIHAEEXAEFA T, BEETFOERIT U 725 - Tl s R
Ehz, b FoO8E. Z20E2 5 EOMOMIEE TTRTHDLYET 37 kHlb
DE PDEERRITT  AOBIZFIZKDHIHI SN TS, B 7 AlHX
RAENTOLEETOBIL 3 TEL SR TED FHRICIZZ O DNA 721 28
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Zb->TW<, HflluTh 2 MEMIBETORIL O DO—Th 5,
ZNTEHTMIFEL, —HOMINETEEE T 28 02 5 38T 2 Z
EfHLTIT AV, iz 5 L nWo T, BiTidanwoTth s,

2001 412 (LT WL 85 B ol 42 S8 v A @ B2 28 i (Institute for Advanced
Biosciences: IAB) 23BHRR & 7z, ZOWEFTZA I v o 2N & FARIZ L C
Y. K. EMOLERTEE AL, A DAETFISEILTE S5 I1%H
AL T3, MR E L TOWMEWIIRAE L ET VHMAEYTH % KN,
iR, BBk, B X OFEHEE L TOMEREISKO N TS,

IAB TOREME TR, Zh o OBIZTOME 2N TEMITEIOAH
1S3 Z el WA ERERIICAIH L TR 5 O, BRENICE T 5 %<
DFREIZID A TV S, ARETIE 4 FEEOREY 2 Bk & L 72722 D0
T ZAZHZDWTOIABDO T BT x v ¥ 3 FABENT 5.

2 MHEHIFEET S Keio Collection (H3)

KIGH % SO TN % KIGRIEEREHRICAER T2/ 7)) 7 Th 5.
E MRS TARE» S XN D TIDHEADIT 5N TS, 150 4L
BID/SZY = LD SHMoNTWEA, ZOFHEREALIZL DI,
1980 FEA S ha % 2 BIR T LY OHAKRE L THRHAIN 2L TH S, il
D& I, WEMDH > T B EIE IR TS TH 5 (£1)., BERE
T, MFEFTE, MURTERIZFRIEFET L5228, Eh 50noills
TOWMENGPS>TNBEDTHAIH? e RSE IR THBRBGEO
BAT. BAG. ZLAME - TR 8El A AME 2L 5HIRETH S,
FROIIHRBEARINEZ T LT 5, WABDTELLIICHASZ»E Lk
WH, 8HIE 5HIDETH S 3HNL, HETZIEEZFATIT)—IZE L&D

®1 IAB TROETIWVHEMDT /) LEERT

[EEE] T/ LDORES BEFOH ESIREE
NI 4641652 4318 1997
it 4215606 4353 1997
L] 4097429 4504 2010
BERE 12157105 6331 1996
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Wb, EMT ) ADD TR E N, EABBIETF2MEET 2042 T
BHENMZES5THE, FX20FEROILEZELL L, BHKIEELD
HET OB E i bh > Tk,

7 ARISEIZ TR S TWB eSS TR, ZOEMIZE > TIALS
B 7= DBE A R > TV FAERIKT 5, K212 % < OBBERKLEIR T 25
STVWBEWNWD Z &, "ADHS BWMEMORNNEN7ZEFHBZ L%
REL TV, £72, BRICRLEREAD2 > TR EEZ LR T #IET
IZDO0WT, Ao TWAL S HOBRELZFIbEHDE TSI ENLEELD
MENMTHEDZZEEHD., 7P EYOBIEFHREIZE, KZbh b0
ZEXRILDBDONBINTH 5,

IR T ORREZ R DIZIZ, ZOBETFA2RHIET =E@rie L),
IR EZ0EHRDFENI b5, BlAIE. &5 8EF2RIESE
TONZIVIBEEVWS 7 I VBEL T TE AL oA, RIEL-HE
RN TI L2 I VBOGKICBIRT 2 L E A 6h b, Hidko 2 Hlo
HERERHEIE TIZOWT Y, RIBXE- L ZOMEEMRNTT 5 Z & T, HHE
EnTELEMEEhE, LarL, ZhETOLL DR THE2IZES
Bh o EREA DT, RNT 51213, ZThETLRAES, 2 DNEERT
DB H D, &5 —DOMEIL, FCHEIZTFOREKRTE. & L1258 ()
WELDEMENED ZEThH D, %< OBIET R E > THE % T
FBITiE. A CHBRICHDR 2 RIBRECHR S 2 BEA H 5 .

Z 20, WA BFECKGHOBY &, BRERAL MR % Bb 85—
D—DETIIDWTREREERL, 2FLDTFIHEEANLND
k%Y VEESLZEIZ L2, 2O AR v — 23, Bz L
PR EFTEL, WEE—DDY AT LELTHAZS, VAT L EWRL
MHEN BRI TEELEDTH 5, HozlnTAREEE2Z L1
ZOHHEA D 7 M TE AR 57228, L TR &9 b 5 12
5720 % ZCTKIE Purdue K20 Wanner £3% (41F) & 2SH I L 72 ik
v, £ 3ENT T, 300 DMBEEIET (ZOEETFHAKRIET S &4E
1ECE L B HIET) #< 4000 Bz FZ2hZHIZDONT, &5, —
{EFIZDWT 28D, ARl 8000 FRORIER I L 2 ¥ 2 v &A/EBLL 72, 44,
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ZDY 1) — X% KO (Knock Out) IL 27 ¥ g ¥V EIFATWZZH, Keio D4
BT AMMEDDH 5 DL BEMNEE ST T, EXAFRE Keio Collection &
L CHZ L 7= (Baba et al., 2006),

Keio Collection i&Fk4 DWFFLIZFIH T 2 7210 T <. HAhOWFEE IZfH#H
STEBEITET, NIT VT a7z 2T L EYREROBREAHN &
LTk, IEXFEREA S HMET DWEHE CEA LTz, 2006 1213 ALAR
MRS 90 FitkABZ . L TRMERL L TIHMEEICHIE TE AL K H720
T, ZORIEZ, BEDONAL XYY =270V 2o MIREEL TR THR
T3, (EWNTIE http://www.nbrp.jp &) 2008 G-Il AG 300 J5#k & 220
L7z (K1) PIRMEHIE > T, BUE, BRCY 27 AP 721 Tk
SKIGHEHESTRDZ &Y 58— F )Y —Z2ONIZH B Z L iFHE AW,

7272, ENZTEZLOFHER VDS L4 RBENEC 72, 2 I D%
BAEMFEN) Y — 2 TIRBS—1 Y POREWNA D BT kA2, 3
V=0T Z LT, JEDY Y — 22D > MEN =T T B Ez .
AL Bz BRERIZEZWEOELE, L Ar» > =MEE4L 5,
fOMEE LT, 7/ 4 LOBIEZTOBRAZEDH 5T, LA IEIET &8
DI TOLED S B BH7BE T E L 20, BSEE T 8L &
BUr—285H%, VY —-AEFELTLEZIR. BOEITILEWHE% &

keiotk RFENFEHRE

107

106 /
.///

t0-2003 2004 2005 2006 2007 2008

105

1 Keio Collection DHFRDE#k
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BON=TEhH N, KLAZE, MEDILX) T 4% LT 5720, ki k]
RELTIB U, e T 2 2 IRREIC Keio Collection # #3562 &AM E L&
A, VI =2AREROT v 7T — b EIT 5T B (Yamamoto et al., 2009;
Otsuka et al., 2014),

3 KBEDYXTLEYFMRTR (HH)

IAB 234415 53T T X = HEED—21, MAEMD S5 A, Tl
BRI LT, RO AR > M EMO T VA V2 WICT 22 L Th S,
ZORDIZIE, BIETOMEEZMS 7T TaL, [EOBIETHND, EDL
SWENTW S A, 2 LT, ZOIRMBIOREMAE S 5> T2 ] & PR
TEREN BB, REEIE. ML &K 5 & OYIE ZHID AA T,
Mk BRI LK > THS LR CMlaE AR LD, 2001l Es T
FUF—ZHO LT, RBEIZE > 7B % M0z HE L7204 %58
FThs (BOFAREERE),

Hilao b CE T U EORBIKIEATTHOI TR, ZhZhic oW TR
ThoBRL VIV ERERS bVEL R, KR E R SWIFEL, &
NS SVDRIBAHEZ T B2, Thabb, EHZBD 2 W'E OMEGEN R
(ZAFF I0 ZRHT) 2475 ZERESTIE RV, R K9 TLa %
FNCHIETZ B 5 72O MM T, IAB TCE-MS (v Y35 —&EXk
B LB RN 12X B 2 4R - AR s ERLEhs e $<ICZ
R U 2= OMZE 2 BibE L 72 (Saito et al., 2006). it & BIKEOD K X A
S0, EERIL-TORR TV 22 b Th -T2 KBERO LT+ I
2 @A C (Ishii et al., 2007). Z DHFZEDMEF, KIFE ORBHIE D Ah 5%
HI (T P o) OROZLR, 1EETOREICE->TE, 2k LTI
ERWBEAZIRNEVWI IR 5Tz, 1 DOBETFARIBTEE, 20
BETF 2 OME SN BRI R D S R IIE K & B EZT 22, %
DB, KRB TTE CHEmAEE L Tn5 Z e Takoit
WEh 0 EEZ T RN DEHE L b7z (Ishii et al., 2007; PR & FH ,
2010), ZOWFZEIEILF A I 0 AR K BRI O KT & LTRE &
Al 22 T B,
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[FIFIZ, Z DWfZEiX. Keio Collection 7 & D 1 &8~ T-/RIEHEEZF|H L CT#E
ZHEE AT L TIE. REPED S AV RIS EIZCVWENnS
FRAARE X Tz, LU, #EOB(ET % [ K8 & ¢ Ol 2
W5 ZenTEIL, ZOMERIRRTE 133 T, Zhicxnd 27204
BB TOERKRENA 2N —T o MCHE L, ZORIMEFND )5
AL 72, ZOHETIIEETOMAR DT LRI L 5 720 FE
MEROBRBEGIZTER N, Z 2 TRAIZIEAOE(E T HEEA 5 M
WOV IV =Y a VETFTAEMEL, FULHEREKRO R HEE & I
NBfEEAG, FREY I 2L =¥ 3 VRS L 0T — ZERA
DIRGHEDFAEEREL T, IThafks a THETRIET 5 2 & THM
ORI TSRS R TE 23T Th b, ZOHEICK>TH
BE. XY b= 20 VgREg LT B FEARN 2 R SRR N 4 S 2K
5% 36 H U 72 (Nakahigashi ef al., 2009) (X 2), KR OFL R ZEHERD &
HNZIEFIZ R S FANRS N7 RIRIZ G RO AR S T2 Z &3
EZ o7, ZORBIKIGR TIREEFRIBKRZT, LrdFio—2L0n
IWEAMS & 2 MBI 2R AR T hb 5728, FLERER Tld Z O
HBIZfibh b ZE SN L,

ZOHFIZ, BADTHETTHE Lah > 728 LRI A S iz T
EHZEHERLTCNS, LALETILEM S KB PHNCIEE 72 721
DD, PTHRE LIREIERBANCR X BT Ml O E R E)
RIAINF—NXDOERMEDOERBALEL TOEZ L TH S, FriMifan
FOE BV, A DD 8 VS BARIZOWTE RN S H R E 5
5Z8F. RO FINE-YZOHEN? S &, {Hle D5 V87 BHEREOREN
oM TEBETHLI N6, &V ISTEDO/IK. RO E I
B HLD #LA T3 (Nakahigashi ef al., 2014),

4 1AB B OREERR (51)
KIGEZEEOH RSB E Th 2 Z LIS A., BT LR 2 Bl A3 iy
LCHD, FRMizsiithCAEFEEE, SOHRNEE & &4 B L FE DTS

FELUTHSEEMA2HA T, ZhECIc7I /i 7Lra—, &Y
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Fluxes in wild type and tal4B mutant utilizing xylose

0
S < G6P - > 6PG
23
9
2 5 :
2 0
2 Y=F6P REP s0
39 52
12 Ru5P
F1,6P 50
39 L5}
12 X5P
100
GAP ‘ 100
94 39
Y 4 rE xylose
4 3pG .
*9_4 Relative flux of each reaction YWildtype

a7 talA talB

ssemeed Novel pathway

2 ERRBTHEINA—R)EREIRRICHIREE TR/ R ESNARID/ A /XS

I8 BT ERRA A TITE ORISR L T B EANLISET T, 20
EHENR @D TN TENBETH D, FFTIEIROR I HE DN T,
BHNAGHY 27 20O E LTS T2 HIRL G LEL WS &S
I8 X TH D (Stephanopoulos and Vallino, 1991). Mg 2 7 4 D1k
TEZA PR KD 5N TS,

> 27 42 BE§ 213 MAREZA 557 KEHOELEL AL,
BT ERFRTH %, W SIEAO TR IR HLa YO R%
RO E ZWEEINIHE § 2 Eli A E T b, TABDEERSIZK >
THA%E & 17z CE-MS SN ORGP E L 2 —F ICHE T 284k Th D .
— O TR AMEONHWE 2 ERT 5 Z LA WRETH 5 (Soga et al.,
2002), 2D &5 HE L L OREIZEHIEIE DR PV v 7 & FHIT S
DT> T %,

— T, BNIZEDLETKOREI @M EF 2 —= v 7 T5720120F, F
BRZREB ED XS 12N 2 /NI BELRH D, Z D723 % D%
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FRIBOHE (75 92 ) EMEMcT 5T EnEHETH S, "CR#75
v 7 A MERNE. EIENE TS 2 A TE RO OR# 7 5 v~ X &R
REEREER IS EE D W TS 22129 % T T b % (Shimizu, 2004), RN AR
FEE T, FREIAL O R FIF T % PC &R R R TR U 72 38 il 4 5%
#5 5, A FNIWE IR A R ERBL CR#Eh, 759220
TSRO PC e s 4 — VICKM Eh 3728, ZOWHERHL T
Ty I AEMET S, KENOT X T %X 3 () IZ/R L 72, X3 (a) DI
BRI, R A 226 BIZERE N 2B T2 O08MAH 5, Rk 1
LR 2 TR FEEBOBIEDNYH 5720, HED 1 FHOKRKE T4
BC TS A 2 LT R 1 AR L 2S8R B CRER TG &
Nd, —J. %2 2R L 225613 Y B ICIBER R F 23 Ehik
W, BCOEBRKIIEC LD 1 kX0, REWB 2EESNT S LT,
W1 ERE 2075 9 7 AERD B ZENTE S, FEORBHREKIZD
WTOENT TR, I OB RIR R T OB M 720, SRt ET
LNEFHLZI Y2 -2 —v 32—V 3 VIZko>CEMET 5, TAB T3,
ZOPCHRET 7 v o Z @M AR L T, KB E O FHRERR IS O B F8 (=
TR U = BEDRBED T A F2HE L C ¥ 72 (Ishii et al., 2007, Toya et al.,
2010), X 3(b) 12, KGROEILE VX F — ¥ RERD T T v 7 2554 % TR
L7z (Toya et al., 2010), YL ¥ v+ F — Y I3HER FiD PEP 225 Pyr
ANOLEWA MBS 28ETH D, ZORRERE L ZBICIMARIGEE T L
7B AT AR O NS, 2O KD BBENEER T 5 v 2
2 ES BT ZINDE LT, Ky 2T APH TSI A 7 = X L
BHOMZH>TE TS,

%72 IAB Tld. BERIGHEEEGRIZHES K BN ARHEFTLOBK & 7bh
THD (Ishii e al, 2004), ZDO K EETNLEFHT S Z & TRIZTOBE
RWHRORBE AL A 7ZBRONMOLENAEERHI IV I2aL -V ary§5TL
NTED, FERTHOMIZENZHHiX N =X LEETMICFET T LT,
KD ERE L PRI TRIC A THA D, 5. AHWELEE*HRE L
ANGEOERIZHENT, 77 v 7 250 MIHED < EHIRZER in silico & 3 2
L= g VD SREY 27 203 as 2 EEIZ A > TL 57259,
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(a)
5y . 13C O 12¢
"%fj REMBOREAFHE )
L]
ﬁ"‘ﬂ%l‘( ‘P‘Eﬁz % (10
M wm "
B a@ m KEYBOELIAD FEDEEA
BRI ERB2DTITVIRELER
®) G
yr =» [0 mmol g'!' h'!
G6P —> P5P -1 K-l
l A —> Smmol g'h
F6P /3s7p GA > | mmol g'h!
¥ %X%P
GA E4 6P
PEP
X
Pyr = AcCoA—>
/ »OAA
Mal Ict
Su

C

X3 (a) 77y AEEBRFOBE. FHEIANXSE, b) KBEEOEI L BYF—t
REIRDT 59T 25 Fo t)bt/ﬁfé#d- + (PEP) KR RISETL/=ER
RRIRDTEMEALT B,

5 |IABMEIEIMEDHER s, i)

ML [hh<XEA] Clda [229FA] LRETS, MihzH®
DFEIE DO HHIZHECE 320 Omanr LS S b2, %4 Bacillus
subtilis 7* 513 Z DA X = Vi3 nb > T AV, KKHIZE BERICE . Hibk
LDEZ NS TEROD,»BMEMTH DR RAF ORI 4 VS0 E
LARRICAEFETE 20T, FEEMNBBCORBEFICFEMLEIN TS,
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KB AR ISHEDOEF S K-12 BONT W50 LAk, WIRE oMk
&L TOMEEIZEES 168 HEA D 5 T 2RSSRV 6
5, ZOMHEE 168 FiX DNA #HT D7 /7 AHIZED ADRE I E T &
PRFEUC, RS 2 R 3 2 8 A T AR AR N5 T 4 H o 5 il & 13
R DHMA AT 5. BURIZS 213 CRSPR-Cas9 (LB & 7= i 2«
BEFREY — v, Ul L 72O R IE ALY % 520 guide RNA & Cas9 &~
ISOBORFBTH =7y MEHIDOZEWRAEFBL) L XL TO T ) LfRERF
ICTESZEALEMA T2 LT, FHSHHET L 2§ EDR 7 DNA % @Gt L
THU) S B S Tz, BIRIIZIE, KR OB T %[RRI 4
T AR % 6 TIOL=— 7 B Th 5. MFH CRE SNz KR
EEAOMEICRE L CRBLXE, 2 V82 H, B, ALEY, Pivh
Rl A R X BB ISR X h B, TAB TIERH R 2 FHV B R s X
SICREMA T, KEDBIET ARG 6. MdICREES 2 B0, Z
U RS IS O AR BEMEIAE N COBA T 2 E TO—EH L7254 754 v
ZHIL TR ZIT > T3 (K4), KEOB(AT % RIS B3 R
TRELEERRTHY, ZOFHTOMBEEOMAN 2L Z LA Z L
12X - T EWPERO ik # ISR L 20 e oW Bwbh 5, Z
DINA T 54 V@ 2 B i, ROMAEM TOWEEE N L
IZRWIZET 2 EE LTS, 2002 40 6 R HIE S = BB O
W EFA DUIROTEAUIFHHMZENEMIZE 44 ) —IZv vy F LT
%, BUETROEDHENTE. AROEY AWk T (BE) T L Chlin 2 )
WS 208 HTH D, ZHITH L TABREWYFTIE. JIREFHICT A
VUEBHIHRE L THNR, SHICHTFA VL THRNEE T e 212kD,
Rl THRRZMPMEICER S NN HTH 5,

6 MEREDHNITADIAREEETER (i)

R, ARAEMEOREERIZ W, 2ROBIETEHD 5 LB
Hb, TOJ—AL B BEETFIZONTL, BETAREMOERIZX D,
FoLATaY 2 bTHLENI R S8R T &2 WVIEHTBUCERENL 728 (R
THE EOLIBMBETTETF A MEWD SUEMITREL 75> T X /2 — .
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de novo
B LTASIY ’/‘lA i &
B /
——

‘PCR -
g »

bFEE
Spec-aabei
OGABi%I=£% ROy
EETER oHaet]y

RBRERER <>
EHERERIE

- . ‘¢‘¢P°ﬂﬁﬁzkg§€%
BEE E E%ﬁjaxslg ;

RHT Kl
B

4 HEREFBTEETFERED/N TI1 OHEE, Bl REOHHSHR

- D=
= D=

BIZFOBMPEABIZ L7 ->T, ZhoEIELS ST 272010 H T 51
MEFTTIAEEMUTETH D, DNA Wik & WA IZIEREC 2 D29 5
PHAED B F D — DD LRI E > T, BUEE TS A LN
BRINTODLH, ZOHDO—Dh, KABPERL = LHOEIET Wi O
T H[BEZ: OGAB % (Ordered Gene Assembly in Bacillus subtilis) T % ([X|
4. Tsuge et al., 2003) . BEAFOBE T Wi 8BRS, FISKER, 52503
HFREREE FIO T2 OISR LT, OGAB i3, RO R A O 1
O AABEN 2R L 72815 i ERRETH 5, KBTI, £9. OGAB
Tuy 7 LIS DNA Wi 233t 2 £ 2A 6% 5. OGAB 71y 713,
Z DM ARYIZBEIZHAE 2 DNA Wik & $55E 9 % 72 O 3RS DZEHR
Ui (—A$H DNA #855) #H>, ZEHARNZHFD DNA Wi & 5 L OdifEIZ

W, ZORMES DA T v & DNA BASEEENGERR L 2w T, 7
DEMZ =2 LB G WESI&E§5 2 & T, 28D DNA Wi T8 JIE
FrRomm & 488 U GEMTRE TS 5, mANIZINSD OGAB 7u v 7id 1
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DOEIRD T T 2 I F DNAIZER SN 22, ZOMELIMO FEICITR S
N7 OGAB HEAMEH O fivk k%5, DNAWH 28R L THEOohE 7T 23
F1fllZ2 752 F1HMEEBTS461F. OGABIETIET I AI R 2H
ML ED#DBEL (2 F L) E—= 1) L 5HEMIRO DNA 2, OGAB 71
v 7 RBENTHEAE T2 Z LI K D#Efii L, ZhatiEEoayEs /b
tJ)L (DNA ZHBEN A AT 2REOMI) (2545 2812k D, RIKOWNER
THRMKLLTTZ 23 P 1 HNOBICERT S, KETIE, @EEEEE Xh
2 BN T O DNA OBURLD TR 28R AWz, fEREIZRTE RO
DNA Wik (~ 15 Wrk) . JERIZEW DNA Wik (6 AL oHERTIC w6
LTWw3, BIEZ NS O & D EHOBIZ T 0% %, YUEWE, Hu
T /4 N EDRGREMHES 5 729D )51 (Tsuge et al., 2007; Nishizaki et
al., 2007) R, i3/ & DNA R3S 5 kARG LT 5 (Mikil - B
%, 2012),

7 BEREOMEZ#EHSZ ()
MERBLZTNTOHAN GFADORREIZHE LT) 2> T b HEE
Thd, HAKRPSMENTED, JCREATORARLE L THEEINT
Wiz, BAZZHOERITIE, BRI, L W - XD KD AREYIFERIC X
SEMBLED DM, MEPNEEIC K2 KEOMIERFHICL>TTESZ
EDURAERUICI S Iz E N7z, MTRIZNE 2 DL 3721 HE LR TH
DGR &I TR A, ROKRTH S, MERDT ) L3 TAB LB ER
FRAPF 5 & LR T 2012 2 UE L 72 (Nishito er al., 2010) . FiER &
TR - LR THh 2 LROVIFZ A SN Tneh, 7/ AESIIE RO
RPBEZNEERTE2HITTEEL., B PEFAXIKS5VDENDEH S
ZEMHHIL 72 (B, 2011), ZODHFEN S, T4 SRR & 0 S5 O
JOBISEIZ k> T, TN NHMOMZEZ T TIHML A -2 E %
BRI LWL T 5, BIZIXWMGR Y 7 23 AS N
% IS (Insertion sequence: B < WA T) 2HEEEF 7/ A3 2L BV, ZOR
B SIS TIHE 2 ENDE 7255 L. ZORRISMO MM &
AEN2LELZ TS, BWNBEYTH 5MERITIIIRE L1577 Lk,
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BIZTHEDOFEIMA 20, MEZEAREFL TS 77 2 I NIIMFET
LRI TE A Z L% IAB TOMER TR ENTED (Kuroki et al., 2007; Ohtani
et al., 2008), ZDRETHNRTWT T 2 I F & KEOBIZETDIRIEHEIEIC
WHDY 2T 5 UTHHFRFREL Ths,

8 EROFIAICMF /-EEAZE Systems Energetics (Murray)

All cellular systems are comprised of vast networks of interacting
molecules whose activity changes in time (dynamically). Recent
advances in science have produced huge amounts of data, regarding
metabolites, proteins, transcripts, and gene structure. However, we
are only beginning to understand how these sub-systems interact
dynamically. Understanding cellular dynamics and integration into
mathematical models, can lead to novel strategies to tackle disease.
We use the bakers’ yeast as a model organism to study how cells
work. Yeast has much of the same cellular physiology to human cells
and great advances have been made through these studies. Indeed,
two recent Nobel laureates were awarded for work done using yeast
(http://www.exploreyeast.com/article/yeast-cellular-model).

At the TAB, we use precise growth conditions, perturbation
experiments and frequent time-series analyses, to understand the
overall dynamic growth program of the cell. We discovered huge
groups of genes are regulated by changes in ATP availability (cellular
energy state)(Murray et al., 2007, Machne et al., 2012). The growth
program initiates with energy becoming available and biosynthesis of
much of the cellular apparatus (anabolic genes; 5). Thus, creating
a drain on energy that triggers mitochondrial inhibition, the general
stress response and the genes involved in energy production (catabolic
genes). This has lead to the development of a simple model of gene
expression, which can recapitulate much of the growth and stress

response of cells. Moreover, our recent work discovered the structure
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of chromatin (a major DNA-protein-RNA complex in cells) was
sensitive to energy state (Amariei et al., 2014). Chromatin functions to

package DNA within the cell to protect it from damage and package it
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X5 A simple model for the energetic dependence of transcription in bakers' yeast
(see text for details and the references therein). Circles represent chromatin;
ovals represent other DNA binding complexes.
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into the nucleus of the cell. Its structure is akin to beads-on-a-string
and the key enzymes involved in organizing it are energy dependent.
We found that when energy conditions were low, global chromatin
structure became highly organized, leading to other protein-DNA
complexes involved in transcription falling off and DNA synthesis
halting. We termed this state as a transcriptional ‘reset’ point.

As the core metabolism of energy production, cell-division cycle,
chromatin regulation, transcription, and mitochondria are essentially
the same as human cells, our findings are immediately applicable to
healthy and disease states (Pray et al., 2008). A particular interest is
the application of our findings to the long known “Warburg effect” that
is present in >95% of cancers. Where diseased cells shift metabolism
to consume glucose more quickly for rapid growth. In a similar manner
to yeasts, this state change in cellular dynamics and energetics lead
to an increase genome instability, an inhibition of mitochondria and a

disruption in chromatin (Ward ez al., 2012).

9 #¥bhIc

AR TR XS ICHHIEE —fE L TRbh 2 MM S SHLRTH 5.
AW, E—rnlorra— LR ERE LI N TE, il KEO
L BRADEL BEEMITNZ5FE TAIRTIZRA 2WHEORREIZH
ThoTWb, EFETE. MEVMAY FFER YT LR LR T
FAF 9 2B EDNRMOAES TS L5280, BEMEZsa— L
KOOI 5 2L L0, PWEAPEL WS EHERN A EIKZZ T Ta <,
FUIIR BN %38 U T A OHERBRIEOREIZE HE L T\ 5, [AB TOMH
M52 & B IGPERTFZER0. OHE 5 12 & 238D N 4 A R E BERFSE & 7
. IAB TOKA D 7N — T TOWAEMNIZILE T LHEYIZRS 13 25,
EFAENE 26 27 O ZERRIE IR B I3, HlrTRETh % Z
EERBPAL 720 RO BT TOF v Ly VICKT 254 &5t & i,
Z L CHERIZRIEL DD T & 720,
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