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Abstract

AHRTE, BREAFHLSBDT /LGEERZFAL., RNATY7OIUGEH SEEHREEEBK
THRLEHIMERBERLTOMREERIDLEZANE TS, £MOESERET / ADNAY
EEFRENSESRED FHFERENDEICHRTSH. DNABIOZEST, DNAD
BAFTIVIBRBEZPERERE, GEERORATREN EERRENEEBS LN 9HN>TEL
o LAL, EERGKEZFHIHIZIERFRELELEDOPHEEERN <, RROEBETFRIE BRR
BEWO BT TREBRNIEL VERI B2/, ChETRNY TEIVUNBERTAS, £HICH
WTRYT /LABEZFIHTARFPEERBERFIGBERBEOSI A TIVILVDICEETHS
CENTRBENT VI, TCT, CORFERCHABERLUEBRENENIOTVTT ) LALEE
HFOATREFITINTDELCFEZEETD»REBBRENLEYT /LEKER, iGeTX)ZRATAH &
TRIETAHCEIC L, ETRIONILEEEHHEZES CeNHsnTVWBREER N
BH-NS., EE&EREFRho, NusA, NusGICEB U THIRZHEITL . H-NSICDVW T, BH®A
EERFL., BERFNICHSIDNARIZRIAL L R—2—ROGEZNHARETHDI %
RFRL =, Rho., NusA, NusGICBAL TlE, HisSUMOZRY DOV ANZ U MERAL, R
DIFLAZ0E, REEE. NihTLABR, Up1aE(ZkBHisSUMOR Y DL, A/
> HZ LRERhO)E L IEEA A2 KR (NusA, NusG)ZBL THREICKIIL =, Rholc DWW Tk
BERHDER. RNaseDBANBBERD ZEN RENE, ZOBEKTHERORNase inhibitor
ZRRTRETHRTE, BoSNEERNVEEEZNAL., ChosZlA&EDEL7TRHICHE
L TRNAseqf# i 2172 1co BONIRERBBHFTH2 . RFHRENICRSAIUT =LA
AEAEND LN RS I, SR BEERER. 7OTEVABEORFHREMSKEICER
L. @eEITL TV,

The purpose of this study is to elucidate the design principle for the transcriptome formation from a
bottom-up approach. The self-replication of living cells is derived from the transcription-translation
of the genomic DNA, resulting in the synthesis of diverse molecules. However, it has been
discovered that not only DNA sequences but also dynamic structural changes and abnormal
transcription and post-transcriptional regulation play important roles. Factors controlling the
transcriptome are essential or have a lot of functional redundancy, making it difficult to understand
through conventional analyses such as genetic deletion or overexpression. Previously, top-down
analyses have suggested that factors controlling genome structure and transcription termination
factors are important for the dynamic range of transcriptome formation. In this study, we aimed to
verify this hypothesis using a reconstituted genome transcription system (iGeTX), which uses a
purified bacterial genome and transcription factors to transcribe genes encoded in genome. We
first focused on the nucleoid protein H-NS, transcription termination factors Rho, NusA, and NusG,
which are known to be involved in global transcriptional control. Regarding H-NS, we confirmed
that it can suppress transcription of a reporter system using a DNA fragment prepared by PCR in a
concentration-dependent manner after refinement of the purification method. For Rho, NusA, and
NusG, we successfully purified them using constructs with a HisSUMO tag and purification steps
such as polyethyleneimine treatment, ammonium sulfate precipitation, Ni column purification,
removal of HisSUMO tags by Ulp1 treatment, and purification using heparin columns (Rho) or
anion exchange (NusA, NusG). Our investigation showed that RNase contamination is a problem
with Rho, but we also found that this issue was resolved using commercially available RNase
inhibitors. Using the obtained proteins, we performed RNAseq analysis for seven conditions in their
combination. The results are currently being analyzed, but it has been confirmed that the
transcriptome changes depending on the factors. We are now focusing on factor-dependent
transcription termination points, antisense transcription, and continue the analysis.
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Investigation of the design principle of transcriptome formation by bottom—up synthetic biology

1. HIREBRFROBE

AAETH. BRRFIEEST/LEERZFIBAL. RELATYTOLENSEERAREFEBR T A-OITRELREREZFODREFIE
BYHILEBNET S, AHDBECHELEILS /L DNA BNEEEHRINSESH BN FNERINEEIZHET SHH, DNAEES])
NDHESHT . DNADF A F IV L BEELCEBES. EERDATSHENEELREZESIENDI M TE, LHL. EBEHL
FEHETIEFIIDBELZLDOHEEENS HEDBEFRIE-BRHBFLV>-ERNTIIEENELW RN Do, Th
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HEENTREBENT WV, TIT, CORREH RNEARELEBE SN E=NITVTH / LLEERFOATEETRTOEEFE
BETLREERINS /LEE R, iGeTX)ZHMATAETRIIT A LITLI-, T (X O—/NILBESERIEHERS A5
NTVBBEEL /898 H-NS. BB #&4EEF Rho. NusA, NusG 2B B L TR ZHEITLIz, H-NS [2DU T, B A EERE
L. BEKEFNIZES DNABIIZFIALI-LR—2—RDEGEEINH ATAETH D EEHEEL 1=, Rho, NusA, NusG [CEAL TIE.
HisSUMO 245 %#D(+1=a RS OREFIAL. RUIFLUAIVNE | BRI, Ni hS LR, Upl ALIE|Z&B HisSUMO 25 D&
E.ANYUASLRIEBR)ELLIZEAF L H(NusA, NusG)F B L THREIZHIILT =, Rho [CDWWTIEKIERETDFER . RNase D
BADEIEELDIEN TSN, CORIEIETEIRD RNase inhibitor ZFI|FH T3 ETHRRTE -, Bon=4 /N \VBE#HEZHAL. =
hoZiAEhET- 7 £HIZEL T RNAseq BT £ 1To1=. Bon=HEIBIFT P THIN. BFRENICNS ORI Th—LHAE
EENBIENERIN, SR EERES. 7OFEUREEORFHRESELREISEEL, BREETLTL
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The purpose of this study is to elucidate the design principle for the transcriptome formation from a bottom—up approach. The self—
replication of living cells is derived from the transcription—translation of the genomic DNA, resulting in the synthesis of diverse
molecules. However, it has been discovered that not only DNA sequences but also dynamic structural changes and abnormal
transcription and post—transcriptional regulation play important roles. Factors controlling the transcriptome are essential or have a lot
of functional redundancy, making it difficult to understand through conventional analyses such as genetic deletion or overexpression.
Previously, top—down analyses have suggested that factors controlling genome structure and transcription termination factors are
important for the dynamic range of transcriptome formation. In this study, we aimed to verify this hypothesis using a reconstituted
genome transcription system (iGeTX), which uses a purified bacterial genome and transcription factors to transcribe genes encoded in
genome. We first focused on the nucleoid protein H-NS, transcription termination factors Rho, NusA, and NusG, which are known to
be involved in global transcriptional control. Regarding H-NS, we confirmed that it can suppress transcription of a reporter system
using a DNA fragment prepared by PCR in a concentration—dependent manner after refinement of the purification method. For Rho,
NusA, and NusG, we successfully purified them using constructs with a HisSUMO tag and purification steps such as
polyethyleneimine treatment, ammonium sulfate precipitation, Ni column purification, removal of HisSUMO tags by Ulp1 treatment, and
purification using heparin columns (Rho) or anion exchange (NusA, NusG). Our investigation showed that RNase contamination is a
problem with Rho, but we also found that this issue was resolved using commercially available RNase inhibitors. Using the obtained
proteins, we performed RNAseq analysis for seven conditions in their combination. The results are currently being analyzed, but it has
been confirmed that the transcriptome changes depending on the factors. We are now focusing on factor—-dependent transcription
termination points, antisense transcription, and continue the analysis.
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