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# . RNA % 45% & (RNA-Binding Protein) Hfq 2 —#r &£ 264t F el BT, XAt
Hfq ¥ AF R K % &+ £ 2% @ 3 T 4E % 45 RNA (Small Non-Coding RNA, sRNA)A mRNA #9
4’EI¥J £ . Hfg 3R 69 o R AL SRNA 5 H 3247 mRNA sk Best, 4R N5 RNA 6944
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Research progress on DNA compaction and replication of Hfq, a
bacterial RNA binding protein
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Abstract: RNA-binding protein Hfg is an important post-transcription regulator of bacteria. Previous
studies on Hfg mostly focused on the effects of this protein on small non-coding RNA (sSRNA) and mRNA.
The most typical function of Hfg is to promote the base pairing of sRNA with its target mMRNA and
mediate the regulation of RNA stability and translation after transcription. In addition, Hfg can interact
directly or indirectly with a variety of proteins. However, recent studies have shown that in addition to
RNA and proteins, Hfqg can also interact with DNA and play a direct or indirect regulatory role in various
DNA metabolism processes such as DNA compaction and DNA replication. Additional target and
functional identification will further reinforce the importance of Hfq as a core regulator of multiple
metabolic pathways in bacteria. It also indicates that the function of this protein is not limited to its role in
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RNA and protein metabolism. In this manuscript, the latest research progress of Hfg in the regulation of
DNA metabolism in recent years is summarized and its prospect is prospected.

Keywords: bacteria, Hfg, DNA compaction, DNA replication

RNA %547 1(RNA-Binding Protein) Hfq /&
U2 At 20 i 2E KB FT B (Escherichia coli) s 1R
WEG A QB 4T RNA & il b i —Fh 3 1K+
MRS, SO 44 0 Host Factor for RNA
Phage QB Replication (HF-1)*%, Hfq & RNA 454
ARG — 51, X R E R R LA
Y. ERE R AN A R L B SR
2 TR 4 B LRI e 25 SRR ], 2 500 2 T b 7
A Hfq, 1 H gnh%i% R 5L 50 ER A R
G IS S A

H M EIL Hg 7T 7E RNA AU R A R4
LIk, *f Hfq iBFE RZ 4 R TEIZE /N Tk
45 RNA (Small Non-Coding RNA, sRNA)Fl
MRNA F4E -8 Hfq 5 87 i o A S 41 ik
SRNA 5 HHEEAR mRNA GEECAT, 7EFE SR IE /- Sxf
RNA R tE AR A PRS0 esh, Hig dufg
ZRE N RS EAE R, 7E RNA R
P SRR AL R A 4 R B oh RO
SR, Hfg bR T7E RNA FEE AR & s
YEFIAL, 4 4 i R P AZAH DG 2 11 (Nucleoid
Associated Proteins, NAP)Z M giijifg e fiie
W, 4 2 20%0) Hfg 15 DNA 254, XFh2h 4
WA N 2 AR F A A S g B 2010 4
Updegrove %5 4 3 1o A% Ji 28 A8 FI1EE i 1 F% 15 )i 5K
5 (Electrophoretic Mobility Shift Assays, EMSA)
WER, Hfq i Al CTR P A B IE AR 2 i
% 1145 Wik (Double Stranded, ds) DNA HI454,
7305 s VT AR T fB1°F- 7 Hfq 5 dsDNA 45455 T A
AN, (AT Hig 78 RNA PRI (5
PGSR I, IZER 1S5 DNA Z B A BAE R
S BARA — B i ] BLRAS 20 A4 iy i

Wi Hfg 75 DNA il F1 DNA 45 /e
WE AR, IXFPINEEIER K TR RNA 256 81

FHAZ AR G (1 7E DNA R b i v e 4E H B |
BT E TR CER T AR i — R AN
B, Hfg T L@ R DNA H#%(DNA-Bridging) .
HIZEE I A 403 (Self-Assembly of Nucleoid Proteins)
F1 DNA #B12JiE(DNA Supercoiling)# &4, :[FEfE
ik DNA JE45(DNA Compaction)"*92%_ gr4h, Hfg
L UE I AT B sk R 2 15 DNA ZHIReR . #5id
&2 ML [ 2875 %5 DNA & il (DNA Replication)#f]
KIE BN, TS A5 %8 20 T PR 3 iy AT R 4
PEAL TT REAF1E B O 5 2 i 9 42 o 4 11921221 g o
F PR AN BE A S i U — 25 52 Hfq PR AiTE
th Z AR AR IR T R A, R
IR 1 D RE A SR BR T H7E RNA R (1B Mt
AR . ASCEENRT Hig H5HFER
DNA WA EAE R AR DIfRE, JFihie T Hfg 78
DNA 5 4% o i F 240 {8

1 Hfq MEAZEATIRE

WYL, Hfq MRS 1 450
P 118 22 5L (N R i X I (N-Terminal Region, NTR)
1 ARG P A R 2 (C) K 3 X 38 (C-Terminal
Region, CTR)®24, Hr, NTRH 14~ o BEEF
5 A e BEAIL N FLES il P ST B BELLAL, o BRER
B BERTHLEPE AL Sm & ; ARDFIEEE A Sm &
ATRAMEAEN, AR — 1A 6
B AR Hfg SERIE; BI&EHOASL, IHFEER
/b 34~ RNA Z54 11 GEr v AT . 0] T ARGz g ) 0 14>
CTR (K 1)B7%1 sRNA B mRNA A 7544 5 5 i 72
H 5 Hfg 19 3 4> RNA 254 sl CTR BEF T A fE )y
Amgsal,

Hfq By o se 2 A i sRNA 5 HHE AR
MRNA GHIEFCXT, TEFE S5 /30 RNA B2 E P
BHREM 7SO B T sSRNA Il mRNA, Hfq Ag
5 HAL RNA (20 rRNA FHRNAVH AR, 1 m
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Figure 1  Structural model of Escherichia coli Hfq

H: A, B. C. D HRRIEEMH LI Hg I (NTR) . i . M # CTR, Hi, BafiskRRFimsmmm(NTR),

SEE AR, ORI, SEFLAEL CTR

Note: The different colored arrows in A, B, C and D represent the proximal face (NTR), rim, distal face, and CTR of the Hfq, respectively.
Among them, the black arrow represents the proximal face (NTR), the purple arrow represents the distal face, the red arrow represents

the rim, and the green arrow represents CTR

PGB LE YA . rRNA I T tRNA R A
Al A AR PO AN, Hfq Ll B A4
MRS E (RNase E). PolyA B4 | [Poly
(A) Polymerase 1, PAP 1], Rho FIH AR E ZiEfift A
“F(Elongation Factor Thermo Unstable, EF-Tu)%
EETAEYE, 78 RNATUENE . s 2 b fibk
AR RSN, Hg Bk)E, kK
B2 R AR . 83, EYBIE L.
BE RV PR3 0% 35 107 S5y T 0 R PR LR AN [ R
OB PSS MR =, Hfq 768522 R B3
BFRAED . ANk, BUAER AR Y, ek
4 Z V2= K7 (Listeria monocytogenes) iy A4 K
PEMIBTE NS Hig BAEFE R IR SR,
AN, Hfq 7EAL S 2 #9417 (Bacillus subtilis) 4
et . iz Bl A AR KRS AT R AR T i
BOESPT B E 2, KEFRE LK,
Hfq AI4E R — O R R 2 5 4 e h 280K
A AR ) L ) 4 %8

2 Hfq 7£ DNA K45 MRF R
IEHET, MR DNA SUREDL 46 ik
— R BRI R ET, DNA T4 AR
PLEI DR RIAE 255, f0FE DNA #F3% . DNA &
Hi(DNA-Bending) . DNA #2jiE . #I%EH HH
B FIAH 43 25 (Phase Separation)!***% ) #% % H 77,

XAEIETVE S RNA 254G 8 R A S 8E F1 /Y
Hfq C kB T i 5 4% DNA T2 . % 1 A
2B DNA HHIREA & # HAE DNA TR 4 i 4
F (& 2)[17,19-201O
2.1 Hfq @it 1E [ DNA HFE(2i# DNA E45
Hfq 7 DNABF 1 111 A 4 72 A 2015 474
KB, — T 3 F 44K k2% (Nanofluidics) |
/MR ECS (Small Angle Neutron Scattering,
SANS)FIJE-F /7 . 355 (Atomic Force Microscopy,
AFM) RSB R, 4 Hfq AW B E
i, dsSDNA A]7E 44 K 18 N B e 40 i e SR8 =X
(Condensed Form), 3 i b 1 45 %4 7 6 % 2% ik
BRI GOREE R T AR Hfq R A 0
iR [ERE, 4 NAPs f) H-NS il HU
J6 JE B UESE AT 7EQH K38 18 N K dSDNA R 46 e R
X, NS, Hfg ZE90KEE N DNA
JE 4524378 5 T H-NS A HUR 4420 g 24
W (&4 3 mmol/L NaCl (1 T-Buffer) Fi144 K i i
18 187 181 B (200x300  nm?) %5 HoAth % 4R 25 — 3,
Hfq. H-NS Fl HU ¥ dsDNA JE45 ke B 20 9
#3128 0.005 pmol/L (Hfg:bp=1:1 000).
0.5 umol/L (Hfg:bp=1:10)#1 0.5 umol/L (Hfq:bp=
1:10)7 442 g ] DATEEBR 1 S5 1 (TE g Kl
ERRED) T dsDNA FE4 it R e, Aidix &
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Figure 2 The mechanism of Hfq regulating DNA compaction

TF: A: Hfq J8% DNA SFHERE A A 418, fedF DNA 45, 1: Hfq fl dsDNA MG ARG, Ak dsDNA FEAR SR B 2:
NTR H A% 56 ] 4351 LA B F M A P (R 2 R16/R17 55 dsDNA B R % ) FIE A Ui (5% 2 N13/Q41 &5 dsDNA BREL I H 1 O J5
IS dsDNA HBERR B HIE VI R E 45 G5 3: CTR "FAY His/Ser 58ILF1 dsDNA (F4r & & AIT ISEEREIT) i AIT
VIR AR r s e 256, MESS G R0 1824 CTR Al 7E dsDNA M5 S F B 413 e MR & 1474t 4: CTR 5 dsDNA
A B A AR 4R . A S dsDNA T U)K 45 4 i3k Sk R16/R17 S (F1) N13/QA1 MBS F 28 157 ;
5. =z H AL R16/RL7 B (A1) N13/Q41 FRILTE BT S5l dsDNA BN 2 H T ik 454; 6: .45 dsDNA HBdiESs & H
B MIEMFEE ALY 1 N2 CTR i HP 4319 CTR 555 — dsDNA R Bt e 44 H H AR IEm R A ar 4, s
DNA # 82, MIm{ZHE DNA JE4H, B: Hfq 4% DNA BIRGE, {2k DNA JE45. Hfq AT AEE 2t sSRNA (DNA $H$ME5HAHOC)
EHBIAR mRNA B Z R EAERT, RS — NAPs (R k, T SZIXT DNA HFME5HE 1 (A R 45 (4R DNA BIRTE), 12
ik DNA 4

Note: A: Hfg regulates DNA-bridging and self-assembly of nucleoid proteins to promote DNA compaction. 1: After the interaction
between Hfg and dsDNA, dsDNA can be compacted into condensed form; 2: The residues in NTR can form an initial unstable binding
with the phosphate skeleton of dsDNA by electrostatic interaction (residue R16/R17 with dsDNA phosphate group) and hydrogen bond
(residue N13/Q41 with O atom in dsDNA phosphate group), respectively; 3: The His/Ser residues in CTR and A/T in dsDNA (partial
dissociation of double strands rich in uracil) are anchored to form hydrogen bonds. One or more CTR after anchoring binding can be
self-assembled into amyloid fibers under the induction of dsDNA,; 4: After CTR anchored with dsSDNA and self-assembled amyloid fiber,
residues R16/R17 or (and) N13/Q41 which initially formed unstable binding with dSDNA fell off from the phosphate skeleton; 5: The
R16/R17 or (and) N13/Q41 residues of the vacated binding site are recombined with the new dsDNA, as described in 2; 6: One or more
CTR that have anchored dsDNA fragments and self-assembled amyloid fibers can anchor the remaining CTR to another dsDNA fragment
and form amyloid fibers themselves to achieve DNA bridging, thereby promoting DNA compaction. B: Hfq regulates DNA supercoiling
to promote DNA compaction. Hfg may regulate the expression of a certain NAPs by promoting a variety of interactions between sSRNA
(related to DNA topology) and its target mRNA, thus indirectly regulating the topology of DNA (maintain DNA supercoiling) and
promoting DNA compaction
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B R TR s 7E AFM PORESE], mkE T
(1) Hfq (Hfg:bp=1:15) ] 5849 dsDNA JEz(10 kb)
MIEAEA, FTERCAIR A B E i) DNA %, Hrd
SHK A5 DNA R B i 52 174778 (Back Folding) .

¥Rk (Looping) fil3:47 38 £E (Side-by-Side Aggregation)
W2 AT HEBR DNA 43 F NI T REEANFIH &
W82 K (Persistence  Length) F1%8 BT &K (Contour
Length) /BT 520 , 46 %E DNA A Bt(1 000 bp)#k
Flas: AFM 50, 25538, kB4 (Hfg:bp=
1:300) i FFLE K B A BR A AN R 49.140.3 nm
1 350420 nm, T i & B2 4L (Hfq:bp=1:6) 0] 5351 Ky
60.4+0.3 nm 1 270+20 nm, fAjEASMHT AT, [k
FE L FE A BE NS B S S A A ) B Y
Pi%E DNA JJ 2RI (Rp2e K B 50 nm, - F e
Sk 340 nm)FRALL, T e I AL AR R A JET A
KT 43 ST R 2 20%, FHis ik ir 3t
Bl Hfqg 5 dsDNA H45G AR M x4, A
2, ZEMYS dsDNA Z5E 5 R4 T H R %
PEUT SANS R B4 R HE— 4 S T,

SAHT R, Hfq F1 dSDNA [Bl IR FE7EZS 5 nm 42
WA, Hfq AT A A o H— /N S S
dsDNA Z55 I BEEAEZ A, ZEZ6Wh
(¥ Hfq {bl P 2 Bk "7E dsDNA E g7, fpss 4
Ji 57 H-NS 1l HU s &2 BW AR, AT
Hfg, H-NS 5 dsDNA fZ5&E g%, i HU 5
dsDNA (1454 W 2 580 dsDNA & A= 5@ 21 25 iy
(105°-140°) 14423 sk BFSEEIN Y, R E
20 PR JE K I REAIR T BB Hfg Al dsDNA 45 &
FRrhE o AT BIHE R XUE AT I A e, a5
2, SRR B, Hfq RN U AT R — A
EHEAY, JaHAEMAE dsDNA 1 /1281 %, If
F dSDNA JE 45 e R I R, 3 otk 51 14 s 4k
N5 Hfg #1 dsDNA W EJETE AFM HOlge ]
DNA skt dse b, Bgm AR,

CTR Al Y525 KA B/ NE 5 dsSDNA B R B 4L AH 1 AF
AT, 454 SANS iR ¥ FIEBI Y Hfq 75 dsDNA I

(R4, I B A B A SRR H
A CTRAZE /R, T LI Hfg B 4258 A F
# DNA fyfir B, ok, Hfq S-SR
] dSDNA H BEiE] ) DNA BF 2, FH- 20k dsDNA
T 45 18358 % 20 ELARAE LR A 1 ilE— 25
B A

filt, CTR7E DNAMF#EH M1E gt — 5
JEEO RS HE AT R AT E A Hfq NTR (5% &
1-72)F1 CTR (5k5E 64-102) H- B 23638 okl 5 78
KIGFFH BL2L AT T B RS Mmalifh, x5
SR NTR A CTR #E47 T8 R 4011 DNA TR FE
P i REH], Bl Hfq. NTR = CTR #
FERSE N, Hfq A1 CTR FELN K 1 A1l 44 K 1 1
R 2R G P AT DNA R 48 e R e =, [HAH
FoFoe 4y Hfq, CTR Z52Pl DNA #E5 (DNA
Condensation) i 75 2 8 5 4 ok B 7201 o B 5 o
VI B B 11 22 ST BE 5 CTR Hh NTR R S5 # Bk 2 A5
X, HSR NTR CHIESENRE B3 DNA R4
BERIER, (HEAEMEE Hfg 55 dSDNA f25 42,
ZHFFEIA R, Hfq B S S R AR i I L far
F14) 000 T B8 0 3 TR 32 5L 55 dISDINAA Hhvas 71 i i 114 i
U AHEAER N WP A, IS RIR
“KiG7E dsDNA %1 ; Hfq 5 dsDNA T g 4 A
REdah, mEAN—HEA CTR A HE
BN CTR HrAHXT I & 21 2R Fn 22 4 R ik 3k ) 55
JE# HAH BAE S R AT DU DNA B (dn
A FIIEE T)HATREE S A, NIk B E M 45 Gtk
A; —H Hfqg 5 dsDNA B e 4545, ZEA
HFE A — A EZA CTR kS e s G S —
dSDNA FBt |, Sz8 DNA #7420,

faimi & =, Jiang %1 Malabirade %5 BT 55 45
REW], Hfq FEE L H CTR R A5 #: DNA 1)
fEF, DNA MriZaefedt DNA JE4i, mAFH
dSDNA i [ 45 e R T2 NTR #8781
HANRE H 23 DNABER 1 & A, (IR LU#E i
HALTE N 7S AR DL # B A BEAE A r S
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dsDNA #1456 XFPIE AR Ess &AM+
CTR 7E dsDNA EZ5E4 %, M5 DNA #f
BEH AT, Orans %0 KIAFFE Hfg NTR
(5% HE 2-69)F1 dsDNA JE B iR S A Wik 47 T 53
M, RIe4E B2+ NTR 78 DNA Hidrh ki il
VEREY RabiZfifF98 5 Updegrove %51 Malabirade
ST 45 A AE 22 5002 [ dn, Malabirade
A NTRAGE S U E VRS dsDNA 45420,
SR, OB A Z SRR, NTR BR T AT
PLAE BhH: R16 il R17 583 5 dsDNA & A i A
YEFIAR, a] DLt H N13 Fi Q41 5% Jt 5 dsDNA
o A Y . RASBLAE 8 B A SCHk X CTR Al
dsDNA TR iR E G ik T8, (BIA RS
C4%KH], CTRTEAEFE pH 411 &m0,
Kk, CTR 5 dsDNA Y45 A JLF AT RERS M FfHL
MEAER. % &%) CTR PA7EF & A ER M
RAIRIRIL, TR % e H 5 dsDNA 5k B4
(25477 AP ARk, Malabirade 251 Orans 2511
MR G5 R — 2 3 NTRAHNTF CTR A H 5
FRISEFN T, BITLUEE 25 55 76 DNA B8 7= A ) 4 4%
4, MR DNA FEdiix —F 202 iy
Gh, EIREEMEE TR, NTR hME—& 3
()55 dsDNA fETEA EAE IR 4 1585 (R16. R17,
N13 Fl QALIJFAAE T HOS R E 1Y o 1R
Fal L, Updegrove 2 IS¢ T Hq 35 Sk i
TEZ RS dsSDNA 454 AR K AENE T 1E 1K T 94
Hegno2
2.2 Hfq i@l BRI EBRFLHREH DNA
£ 4

E M A 2 1 (Amyloids) & — R KR 254, i
295 DL IR el B 1 o AR SR A I A, IR ZIB
2P ERYRE R 1 4T 4 (Amyloid Fibers) i # 1
I ZIRI TR A R B 2 —, HEAAER
WP S B L B[ A bicy = I EA R A AL STt
B 75 20 7R DNA JEZEE I Be , Rl 8 1 B 4%
WP E UM E DNA TR iy =Lk = M,
VER A B AN Hfq, 5 gl S2 ] i o

CTR 1EMRAM B4 E MR 27 4, (HiXFh ik
S B LT — A Y SR i R, PR
KRB, Hfq R R EERRBRE FiGa T
CTR HA MM EE N A AR 5e, RMrRE
FEARMG X PP KA B A BE ) 5 DNA R4 R
e —il*l,

Y%F CTR 7€ DNA R4t fEHC £ B8,
Malabirade %571 ][] 448 5 17 — {43 (Synchrotron
Radiation Circular Dichroism, SRCD) . {# H 75
21 4MiE (Fourier Transform Infrared Spectroscopy,
FTIR Spectroscopy) fl/Nf X B2k #L44 (Small Angle
X-Ray Scattering, SAXS)7r5I#F5¢ T DNA 5 CTR
LA 0 UE K AE 2R 1A 2 %6 T BB 22 1) A 0 TE B
R0 gl , JGie CTR &7 5 dsDNA I
[FWEE , CTR BSRRETEIARS B 44 BLE M e 2 1
4k, Rid, MIHTFR dsDNA JL[FRIFE (7 d),
MIFEE (Y CTR S BVE MR 2T 4R I 5 2
KAmfal(>14 d), Kz, DNA BB &
CTR TEMRS A LR UGEMFEEE 274, TERNT]
REM AN s HeAh, BFREEIEIN, CTR 7EHE
KRR L 4Efb b 2 AR B A2 T DNA B
1 DNA £,

BMHEZ, Hfq HEsEd g CTR 78
RO A Ve FE R (12748, DNA TS CTR
SPLVE AR LT AL, AT 4R AR b A AR Y
A2 IE T DNA H4A1 DNA JEZE1204, 52
br b, gF4efb e n & e BRI S B, T
Wl BE B 3G IE4F A 1) T F2 € CTR A1 dsDNA [EE i
ff) DNA M4, MM iE—feif DNA E4517,

2.3 Hfqilid I [5)184% DNA IR HEHY & & (23
DNA %45

DNA B T VE Rt e (5 S A, o das il 5
RIRAR EE R R, X FhAEILS 20T 0
AT BB AL . IR S DNAFHFNASH Y 3
BB, HA] 40k I R A O IR BEM S, 1
—SELAMT, XWE LA G T Hig
ARG R R K], Hfq B3GR K
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FAFF A v SR DNA JE B R MELE , 0 A B b
s, SRT, XAPRMIESS Hiq 2 AR A
FARFRIA I

Malabirade RSN AP 20 55T T Hfg 5
kRIS BE A EAE . IFHe T CTR X Bk
WBURERYSEIR . 4lifk it Hq Al pHSG298 JFik: 5 it
[0 & 2 AR TN A LA ks DNA 25285 (A b B
&, BRI TBERS LK AT, AR,
IEiE DNA [5E T R 3 B AH L FE BB I8 iE DNA
B NS G Ab PR 25k R, DNA JE ALY
FEURE , XTI A AT A ol g T s (RS
R E], Joig Hfq J&5 550k DNA I [E]57
H . AN BN IS 4 TR DNA AR IZERE
BIREAR 2 [ —oKF, X SRR, Hfg JfFARE
B FUR. DNA RIS, 4 0 3 2578 4B 1
P, FHABFSE R I HEq 76 5Tk DNA R IZ s
72 Ak v (1 VR 4 FH AT B R B 1 R (AR P [ 42 0]
P A L IR g 2 SR OO0 P ) 3 R
Bk U5 F K B FF B A= A . Hfgq72 (=ACTR) Al
AHfq BERE pHSG298 [Tk A 7[RI ) BaE e FEL UK 43
B, Bl EoR, SRIET KIAFFEAHTg BERER R
TR ] S A T 3 A UR Hfq72 (=ACTR)™),
X5 Tsui &5 (1) R TR 5T 25 AL, BI Hq Y Bk ok
AT 00 TR DNA (8 88 e i B 09500 e 4
Malabirade %5tk &% ¥, R4 CTR B #iFH A
DNA JE4arh k4 HEYAEH, {H CTR 5 DNA [E#Y
LA BLAE AN 23 f 25 52 i) e e T =X A 4R B
Gk, X — S AR PR B THESE, RGeS
CTR ZEAFTE, MR PR H2 U pHSG298 TE
TBE FEE FELUK S0 AT P 35 2R B HH A BLA R DNA 5
FpEtel,

MIMHZ, PREEERY, Hfq Bk 4:1
JET R R IR SS FA R A R H %R 1 S Bk DNA
BB AR RS BT, Hiq 1E
DNA IR BE LS 4 F5 rp i IE A E & 8
B, 1M DNA IR E U fE i/F DNA R4 i) 3 2 AL

2 — 930400 Rk, %K e AT LA A O ) A
DNABHIZIERITE AL, HETTAE #E DNA JE 45003040,
HIEF| Hfqg 782 RNA R d i 2 Rk B4R
FH, AT DI SE 3 b o er 8 ML A 235 #4282 5k
FLERHT T Hfq 19 SRNA J$5 32t DNA $HFh4
AR 3 mRNA BRI B Wl B, =
A BUERT LI AR E, Hfq BT LUFE R AN 45 &
SRNA-DsrA , % & [ N sl 2k Br T & FEAIG
SRNA-DsrA myfaE LIS, 255200 SRNA-DSrA
X EAMFERAEMERERE, LW
H-NSM, H-NS £ Bl 52 ] 4 P4 4% DNA $H$hgs
4 (UNFBAZTE) () sh 2572 fL 1 DNA 45 %5 DNA AR
UK ey A Y (T

3 Hfq 7£ DNA S M5t
3.1 Hfq ZEE* DNA S#IE P aER

Hfq 76 DNA & il H i/ 35 72 7€ ColE1 7Y
JRi R R B, 2T A R AR R R T Hfg
XF ColE1 %Iffiki(pET22b, pUC18 #l pACYC177)
FIMERA A fi72E Bk (pKBamp) DNA 42 HI30R 1Y
s, SR, METF Hfq Bktk, AT
A RIBEREIY ColEL AU A 7645 B0 F- 1A 1 &2 il e
B, TR B R RS B v 1 A R
MIREAIG; A, Hfg XTWERE A& A 7748 SR DNA
SR I TE B R T,

Malabirade S&[RIFE & BT KIAAF I Hq 16k
24 3 ColEL B 5 Hi (pHSG298) DNA 42 il i %
FEXTFEFAEREE R, X5 Cech ZFMIMFITLS R —
F SN RIS A 4G SR TR S A X Sk U
FRIGATHEE AR Hfq72 (FACTR)FIAHTq B Bk
() pHSG298 Jrhiilf4T T Htitgeit, 45L&,
AR RN Hq72 Hh ) iR $iat 34 8 25T AHTq
BRI Hfq ik gk O 9IE W £ B35 52 0 Ok DNA
IR NER DNA 45, 1M CTR (e H &5 m
DNA JE4E 120 feix Rl il T, Wdf Hfg Bede
5172 %) DNA K il 5 DNA JE45 B AL, T Hfg72
H CTR B W m Bobigat ; SR, RiET
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HP A RUFN HEq72 1) R 50 76 45 B 0 A e e
KR M B g 25, WIiZmstilh, Hig 7
ki DNA S il v iy (o 45 4E H 5 Bk DNA
AR IBE AR B 1) A AR OC 1T 5 Bk DNA R 45
/55 S

L1, BARKZHUTUR. DNA [ & il #i 2
fR IR HEIE NS R E FRHR dSDNA Hh 4
HOLS FFTIE, X FHA RNA 1R H A filik
GR07 A5 ColEL RUFRIRE, B HE /55
RIS B B A R F DNA & HIE ) Ry, Hig
X} ColE1 ATk DNA S il 505 ity HAR R AL A
A Rk —2 A
32 Hfg EEERTFEE1ZEE Pa91EH

HEETE DNA K| B0 5 o 55 1 B v Al B A
G-PU5E1A(G-Quadruplex), XM BFHFGS# 25
FH#S DNA &, HESSEOER AP 5
R, KBFFEPOAAAE G-IUSEH, Hfg nI7EA
HMRESEPESS G IR IR A5, NI G-Dudg 4
7E DNA S il A iy S 4 (An A2 TSGR BEAIG, BRI
ZeAs P, AR, HEq XF DNA & il it
RN FLAR G R, TRR Xl RNA 454 26 1 A
P AH DG 2R PR PR A T LUAE RS S5 5 Ikl At e 16 &2
(MMR)ZERE mutS #1 mutH (%7534552, Chen Z5iF
52, Hfq 7EAE KB E WX mutS (3 sl 2 1 7
H SRR X (UTR) N 1 B 5456 15 sSRNA 19AH
HAE TSR

S Hiq 7650k DNA F (R (4%) DNA
PR B T IR A R R, (EX
o4 1) 7 S ANy A U892 g e T R A ) T
W Hfq A 4L o /R ($004%) DNA 52 11 133 b 6 i #247
N FEEAE K RE ST FRAIG, LR 2848 R 38 fin) A 5 F
TR UG PREE IO B A RE N, DR R X R sk
L TGV A X AN R 1 o7 38 5 5 AR TR R R R e 3k
P AT 5 A 25 A,

4 HAER AP
AN T 19 DNA K4 DL 0B IRETE 2 B 7

DNA 778, FEXFMEOLT , 405 ALk 44 K
TR T 15 249 4 R Sk (N AV g L 1 7 R o 11
BEYEE WY EL 48 T H T IR s e o . A I AR 4
DNA i F i x5 8 4R 1T , ColEL %Y 5z DNA
SRS TY R Z A aE A E R Bl —2 X DNA
47O RNA 12— R SR R B
RNA, A] iF 45 ok DNA &, i RNAT(RNATI
(52 S RNA)FT RNA 1T R &2 4 25 7 EE BH
fig 5k DNA &2 415 Rom JE K B84 RNA I-RNA 11
SaYE— S RE, MMHIEE DNA &M,
#EF| Hfg £ RNA QA A 50 2
RNA-RNA I HEAEA, LUK Cech %5l Malabirade
ZF7E ColELIARom HU Jioky Fh L Z2 31| ) Hfg X DNA &
TR TR, T LUREE Hfg XF ColE1 AU
B PR VR R @ FHNTR 8 CTR Y
RNA 45407553 515 RNA I FTRNA L 454, T
515 RNA I-RNA | Z AR 1190 s mi i i
(1 Hfq DhEES Rom JEMbL, BRIV & 5 BE IR0 i 5
ki DNA 9%, {H Hfg JFAZ'5 RNA I-RNA I
RAEYRE—Fa0E . SR, Hfq FRBLH A Bk
DNA & HilRCR i U 2R BA M R S, 38R
Je— R RE, —Fa BERYESU, Hig
Xof % 1 ColEL B ki DNA A2 i By il 2 T 4%
FORCR AR I TE TR T 22 TS RN o Ak, AP
AR R Z W IFAF T HUA% DNA 3Rk,

UG R B2 /R T Hfg 5 RNA,
TR DNA B Z R EAE, (Hax S5 4e K
Z BRI AE A 2 B B M TR R S S K B A BT R 1 7
02458 AR HE T 22 FOBA PR B, Hfq 768 22 K
R R A . Hfq 785 2% [ FH M T e 1
FZ Bl rb 4 T 1] 845 4 FH 7S B 2F F0 AT 1A
WHIFSE, s, Wk Hfq Al E7ERS #5257
FI T BRI 30 07 T 4 I i R s /R 0, AR sy
2RI T AR E R T 2F 2 23R 880 4 1 2
TR BRI —FP R S A BT, R, 1%
DEARATEER AT DL 2o B A £ 4 2 ok 4R A5 445 A S A7
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T RRBBUR , I8 2k R 45 A DG S [R] 119 3R 3K R i i 1
IS 3 Fif 7 BRSO AR, R
FERF IR, U0 SR - 2 T T 2K i
J 2 11 BSEXLX1 X 3 R REAR X EF4E R e
PR i 22 T %2, HIZ R Ge iy HARAE LRI A
R e Hfq 2R E AR B A AR
MEsB, —FTaem i, M 2EAFr s
Hfq REE4% 5 b ik 3F0EE 1 () —Fh sl LA™ 4= 40 B
VEFH, AT 52 BET 4 2 BR35 g o 10954 59—
Jith, FEBT AR ALY Hfg 7E DNA b
SRORINRE, AR 1 ] REIE i (A1 HoAth. NAPs
(IR SAE DNA AR FNEERY , N DNA JZTH SE 3
XF ik 3 FhEE R A —Fh s LR IR . SR B
TR R AHUT B AR LT 4E R FRBE R g O =
L, FERBHHEPELEIT Hig fESREER
NAPs () H-NS M E R, K, % Hg 5 Fik
3 FhEE AR EAE I BIIR AR IR A B Tt — 2
i B 2R RT3 7 2T 4 2R RS R AR I
5 H5iE

i L RTik, Hfg BThaeC 4 s 7HAE RNA
A BB P MAIEN, BT RNA (SRNA
MRNA. rRNA. tRNA & )FI1HE [ 57X £ £ Y 41
Fr, Hfq £S5 DNA MHEMEA. RN —FR
ISR Hfq ANMLATLE L T DNA #r% .
IR [ 41255 F1 DNA R IZTER & A2 1F DNA
JE45, BWEER TG DNA &l A S35 37 A 67
AT (IR RS B E Re JIREAR, TR R 28
AR RIEAN) . L, Hfq ARSI H e R AR il 2
K. Hfg 5 DNA M EAERA BTt —2 1R
AR PTEA R P IR RS, 3R] Hig AR RE
HHAR R T HAE RNA FI8E (A AR R B9
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