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(A variety of nucleotide-binding activities and functions of
the nucleoid-associated protein HU in an extreme thermophile)
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BEAEMDST ) A DNA ITBEEDOX 7 VA FHERY /37 E#E (nucleoid-associated proteins (NAPs)) &
HIZX 7 VA A FEMITN B BRERELE-> TV D, NAPs 1X. ThENS kL ot L BEEZ L, VTR LT
B< Z & T, DNA OFEHSHE., BEEESE, DM OBEST 5550 2BERNHENE & Ehd, FZEEHD DNA
IZ& 5T NAPs ITEEREEFIZ R 35, NAPs ORENRZNZ &0, PRI L > TREFEEBRRSZL#FRE L
T, FBHEBEATHRWVESBE, 7% NAPs OFTH DNA A& F /878 HU 3. 2 COEBEMCRESN
5L BN TORBEENMLD NAPs XV HNWZ &, X7 LA FEEICEBEELTWAZ R END, KbEER
NAPs & &N, #x RAEVREICB W CTHESED bNTE -, HU IESFERREMIZ DN IZHEAT 5 Z & TRBCAD
AR=R—af VEBERIL, X7 VAA FOBEBEDTMLERDZ LNRENTVS, HUIE, DNA DERISEL,
BE. BECHESBEETDIZLRRENTEY ., BxOREAMICIENT HU OLRKIIFEERREAMERT, Z
NETIZ, HU T 2% RFEMTONTE L, ZOBRESKRED-D, RHERELE, AT, o3
JENRET, £LEH, BEZHETLES T, BETERO R GBICEEBZNBEITH WRRA Thermus
thermophilus HB8 M3R® HU (TtHU) ZAWT. HU OEERX 7 LAF RSO L. HUEZZ 7= NAPs D%
BMEICHEE LTEREIT- 7,

TP, TtHU BEbBEBNT AT AZRBTHOHEIERBT 21707, MR E LT, BED RNA &
RS L OMEERNRENT, £2T, TN 5D RNA fEEESR D RNase FEHEICXIT 5 TtHU ORBERL D
%, TtHU DOEEHRTFHNC RNase IEHERI AT 4 TG ENTc, T2, 5, TtHU OFHRBEEEE LT RNA OR#EN
ARENTZ, RIZ, BEFIC TtHU OX 7 VA F FEGREFT T 5720, AEt=Ffa (D) A7 b AN
T, —&4$4 DNA, HBWE, 244 DNA L DFESITHED TtHU D ZREE DB ERIE LT, R L LT, Calf thymus
DNA, BX O, BFIFFRMZR—ZAE DNAIZ X > T, ZHRBESRKELKBOT B2 L 2RTHEHENBRSINE, T2 T,
X VM Z OBRBEMBITT D700, FEMR—AEH DNA FETTO TtHU O¥ELE NMRIZE > THIE L7,
R L LT, SRS RIEEMITO HU-dsDNA BEENLE X 55 DNA HAME L IR R IBAMBI RSN,
WT, HU OZKRBEZHAS T oMEL LT, BIRZEMICEE L, VUBLEHORBREIToEER. T
thermophilus HB8 HIRDIGEED Y LV ERVEFRICE 2 ) VEB{LERR LTz, £z, ZOEMHIMEATO TtHU OBk
FEICEHL Z BB IR, BREZIZ, DNA OMREOEMEIIIH LT 7. thermophilus HB8 M3¥F-> NAPs DOFEEHDD
REEZMO, TtHU OMREZMETAEF L LT, 8 NAPs DR %ITo72L 25, 7T—% 7D NAPs DHRERE R
TEEZONDHHRD NAPs 25 L1, £7-. ZDONAPs HEIERBIEMIC Lo THENTAS SN TV Z L 3k X
iz,

INOLDOFRNDL, X7 VA A FEEOEEE UTHEE & TE 7 HUAS, RNA < ssDNA 2 > THEER
ZUNRIETHBI L, £, FEEMCBIT S5 2 5 DNA OFEIL, BIRBEMICL S HU OLEMERLEHE R NAPs
E, TRNETELOLNTVS LV ERBATFHES L, BECHE SN TO 3 TREES R S vz,

In prokaryotic cells, the genomic DNA forms an aggregated structure with various nucleoid-associated

proteins (NAPs). NAPs have their own structures of variety and hence diverse functions. The functions of genomic



DNA, such as replication, segregation, translation and repair, interrelate with its own structure, which is
cooperatively modulated by NAPs.

HU (H protein from £ co/i U93) is the most conserved and the most abundantly expressed NAP. The binding
of HU leads to bent and negative supercoil of dsDNA structure. HU also works as an axis of dsDNA architecture
and plays important roles in DNA replication, segregation, repair and transcription. Interestingly, it was
reported that HU can also bind RNA or ssDNA. However, structural information is lacked, and functional relevance
of their binding still remains elusive

In this study, I used HU from Thermus thermophilus HB8 (TtHB8) (TtHU). First, I confirmed that TtHU
can bind both RNA and ssDNA. Proteomic approach for the search for binding partners of TtHU identified that
HU interacts with RNA-binding proteins including RNase. Biochemical analysis revealed that HU protects RNA
from degradation by its binding to RNase. I also found by circular dichroic spectroscopy that ssDNA induced
a significant change in the secondary structure of TtHU. Of particular note, this change of secondary structure
was sequence specific as complementary ssDNA, dsDNA or oligo dA did not induce such change. NMR structural
analysis confirmed that HU with ssDNA formed a unique structure, which is different from the one that was
shown with dsDNA earlier.

TtHB8 has only one HU in its genome and fewer number of NAPs compared to other prokaryotes. I found
that TtHU was phosphorylated at residue 80 by protein kinases from TtHB8. Strains with mutations at residue
80 showed significant time—lags of growth in culture compared to the wild-type although these mutant HUs did
not show any change in binding affinity with ssDNA or dsDNA. These suggest that post—translational modifications
of HU produce a functional diversity or fine—tuning that can substitute the function of NAPs in other prokaryotes.
I also found a novel NAP in TtHU by structural prediction.

Our data suggest that, in addition to well-known roles of HU with dsDNA, TtHU also interacts with
RNA and ssDNA and receives post—translational modifications to exert diverse functions. Particularly, TtHU
showed a novel structural change when it associates with ssDNA of a specific sequence. Further analyses will

provide novel structural insights into the functions of NAPs with nucleotides
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RV ORBRAE G 2 N7 BHUCER L, Z 04PN 21T > 7o, T TRNAL A T2 B R A2 M
572 RNALHUD BE:AS A Z MR L72d EHUOREN X U XV B OB EIT o T, iR, FHLORNAase & #f
HE NI HELTHEL, HUIZZ ORNAase DHEREZ BRLE L7 2 & 12 K Y HUIZ K 5 87 7= 7o @8 Bl 481 oD 77
TERRE S VT, RIC—AREDNA L HUD S G BB D fif AT & IRt ZaMERIEIC X VT o7z, FR. Ui —X&K
BEONAL ST A Z LIk v, MAFFRNICHIOMEE(LE -T2 BN RE N, T2 T, ZoMEE
ZNMRE W TR L7 & 2 A HUD RF AL O E B BB S vz, £ o THUZ — ARSHDNAICHE A L.
DNAKE LR B R IC B W TRV R ZMER 2 BT 2 2 ¢ ARSI Nz,
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OAEPMIREMPICET 2 RNz, LEXLY, RGXHNBITHMNTEGICSSDLWVWESB XD,




