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Research progress in RNase HI-mediated RNA degradation
in bacteria

SHEN Chongjie#, BAO Wunier”, Morigen*

State Key Laboratory of Reproductive Regulation & Breeding of Grassland Livestock, School of Life Sciences,
Inner Mongolia University, Hohhot 010070, Inner Mongolia, China

Abstract: In bacterial cells, RNase HI usually degrades RNA in the RNA/DNA hybrids to
prevent the accumulation of primers in replication and the formation of R-loops in
transcription, thus maintaining genomic stability and normal life activities. The recognition of
substrates by RNase HI mainly depends on DNA- and RNA-binding grooves, and the catalysis
of substrates by RNase HI mainly depends on the DEDD motif and a histidine located in a
flexible loop near the active site. Metal ions represented by Mg2+ play an important role in the
catalytic process. The mode of action of RNase HI is determined by the type of ssDNA
overhangs on RNA/DNA hybrids. In the presence of a 5’ ssDNA overhang or in the absence of
any overhang on RNA/DNA hybrids, RNase HI functions as a non-sequence-specific
endonuclease to degrade RNA randomly. In the presence of a 3’ ssDNA overhang on
RNA/DNA hybrids, RNase HI relies on 5'-exonuclease activity for the successive degradation
of RNA. RNase HI, Rep, DinG, and UvrD are recruited near the replication forks by interacting
with the six residues of the C-terminal tail of single-stranded DNA-binding protein (SSB), and
may resolve replication-transcription conflicts in a cooperative manner. The deletion of RNase
HI or the decrease in RNase HI activity will cause a series of harmful events such as DNA
structural instability, gene mutation, transcriptional machinery backtracking, and replication
incoordination. RNase HI has shown great application prospects in antisense technology,
R-loop detection, and targeted therapy combined with antibiotics. The cooperative mechanism
of primer degradation by RNase HI and other enzymes is also worth studying in the future.
Keywords: RNase HI; RNA/DNA hybrids; RNA degradation; DNA replication; transcription;
primer; R-loop
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AXANMAE, [N RNA () 2'-OH 375 Trp81
FIMGIVRIR P ZE . BRI, 3X 2 A5G0 5 1T REl
o B SR 45 A RNA/DNA 24 52 55 H Y DNA A 1T
# RNA 5 DNA X431k .

WET A, A 28 e R — R PR 2 3
FRA B AE MR (AR IE 81-101 %), HZB 5
PRIFLE A DNA Y . 5iedli Martin 250 1
5% RNase HI S H AR A B, 455 88 i 2 KL TR
SRy 1E H A 8 5 1 R (Arg/Lys) B, Bl b
AL T “TF IO (RE A 45 G IS ) B B 1> (1 fig
GG R A vk i e i 2
(Asn)i, Bl 28 AL FTF RO M B R 2
[E] g El A1), R, RNase HI Y Arg88 Xf
RS & B REEE 1), AR AR

W A R T B A e A 2 R 1) By 7 2 RN R 42 g
i, T Asn88 B HEXT T RNase HI A5 7K 0o Y
IEETEA B EE TR

— OB, 4N T R ZF AT B (Bacillus
halodurans), H: RNase HI 1 N 3 &5 4 — MEST
124 454 18 (hybrid binding domain, HBD), 3
REMS MR B RNA/DNA 244570 1120, 3 %)%
WSEATR) BB 2 4 o BRHELL BBapa AT
41 7 HBD; HBD fifi f]—/~ RNase HI {4
TR SRR C RimAmb A, %
Pk KB R PERE, IF AR N um Al C b
PSR AR 0 e T RS R 3h
1.2 ETEAEMRESEEYFE

Jiif5 i RNase HI #A — M7 150 N2

&1 XA#FE RNase HI Y4545 (PDB: 1RNH)

Figure 1 Structure of RNase HI in Escherichia coli (PDB: 1RNH). The important residues in RNase HI for
binding DNA substrate, binding RNA substrate and catalytic activity are highlighted in orange, yellow and
purple, respectively. Besides being involved to catalysis, Glu48 is also an important residue for binding RNA.
Five a-helixes (A—E) and five B-folds (1-5) of RNase HI are also marked in the figure.
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TEAE A S VA T AN e o (AU T (e S e P e
R IR (K 2B)., TEIZIEALAEI R, Hisl24
W2 AT Re il ok 5 K 43I U Sy =X Rl
S5 REFHRA, REFIAEEEES, R
M, Samara Z5P7NMHER ZF/IAF RNase HI 5
RNA/DNA 4G SURE TP 1 00 52 G A 1Y) A AR 25 4
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Figure 2 The catalytic models of RNase HI. A: One-metal model. The deprotonation process of the water
molecule is indicated by red dotted arrows. The attack of the nucleophilic hydroxyl on the phosphodiester bond
is indicated by a red solid arrow. The coordination bonds formed between the single metal ion M and the
corresponding residues are indicated by green dotted lines. B: Two-metal model. The activation of the water
molecule, the attack of hydroxyl on the phosphate and the phosphoryl transfer reaction are all indicated by red
solid line arrows. The coordination bonds formed between the metal ion A/B and the corresponding residues are

indicated by green dotted lines.
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RNase HI ¥ Ch—FPEF 5148 5 HEAZ IR 4 Ui
IR — A AR ] HL 2350 1 S R AL R fie
RNA, W& H 28GRSR WRAE
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RNase HI

DNA I I RNA
e —

3’ I S

ﬁ

5" I

5! I 3

3 RNA/DNA &4 ssDNA K 2 EUREH) RNase HI {EA RN

Figure 3 The mode of action of RNase HI determined by the type of ssDNA overhangs in RNA/DNA hybrids.
A: The mode of action of RNase HI in the absence of overhang at either the 5’ or 3’ end of ssDNA. B: The
mode of action of RNase HI in the presence of overhang at the 5’ end of ssDNA. C: The mode of action of
RNase HI in the presence of overhang at the 3’ end of ssDNA. The green double arrows indicate the
non-directed degradation of RNAs by dispersed RNase HIs, and the green single arrow indicates the continuous

cutting of RNA by RNase HI in the 5’ to 3’ direction.
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LG LA S DNA BEBT RS s[RI, XA E
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W, DL B B IR S AR R i i e 2
1A 4), IHh, SSB X} RNase HI 1 11 5% i ()
B %0, SSB 5 RNase HI HYAH HAE
FHIE L Ko, FEAR 10%M 325 T RNase HI
MR, 3 HAR LM EAERAE I SSB 5
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RNase HI AR K S BUX RN AP, X3k
H] RNase HI 5 SSB W HAEFE RNase HI [¥5E {7
Qe it 1% 1 P A v T A A CEAE

AR EERE, HMJLAS SSB HAEM&E
P LAAH [R]85 2 5 52 1 3, A4 4 7 v B
5 RNA R A& (RNA polymerase, RNAP)zl, & ifil
W25 AR RS Rep . DinG Fl UvrD i Jie i (&
4P TR A R ZE AR SRS () DNA-ZE i
B (F R SR A ) R RE TR UE AR Tix 3
PG, Rep 135 & il AH5E A DnaB f i A
5 SSB M%E & 1) DinG W AH BAE FHE A7 T & il
s AR —Fh S SR e ik, dE b
BELAS: 52 il 33z 47 Y 2 5 (40 RNAP) S R LA i
DNA % %", DinG R 5 SSB ¥ A&
MY EE B G T AL ATP AR 9 i e il

primers

& 4 SSB 7+ 5HY RNase HI BY3BE 15

TG T RNA/DNA XUEEIR, WA )T 52 i
R S XY, 5 SSB 454 1) UviD
NEEAEGY AR T Bk, X RE
A Bl T S B 5 i 100 5 S O AR R il e ST/
B uhelPO ) EEAYJE, Rep. DinG il UvrD
FE S FE S ron 5290 (09 B2 i St rp R i
BIEAP), L5 EFTAR, RNase HI 5 3 Fifient
(Rep . DinG HI UvrD) LA B 7€ 09 J7 =X fi o
RNA/DNA Z& & Bt If e i B Al &2 06, X Fhi
VERET SSB XX bk FI7EA i X M i #H 55 {8
BIERERSE, AT ArepArnhA B AuvrDArnhA
SHWHIEE MM S, dnG MR AS S

rnhA Bl ge 28 A8 A = A 7= o i A R BRE EY, Fe
DinG 5 RNase HI (¥ Fp[RI1E F-5 55 PR A Jie i AH
FEREEE /N, ] BE S TRl 4R .

DNA leading stand

DNA lagging strand

Figure 4 The recruitment mechanism of RNase HI mediated by SSB. In addition to RNase HI, Rep, DinG and
UvrD are also recruited near the replication fork through interaction with SSB-Cts. Several proteins cooperate
with each other to promote DNA replication. The objects indicated by the arrows represent the targets of the
corresponding enzymes. The actions of RNase HI on the RNA primers are not shown with the arrows due to

lack of space.
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AR BN FHTEAE . B G, RNase HI A]LIFEJ X
B2 (antisense oligonucleotide, ASO)H: AR H
02 KRN T, I RNase HI 7E/R N 12
FiRFEE, EATE HAR RNA %052 F 4 E
FE— B4 ssDNA (ssASO), B/ AE S 7 21
BNk S5 BN TR BE R Y B o LUK, RNase HI
BHHER E R R ARG EZET
HM™I, RNase HI fEA R R S8 R84 B T2
fift R ARIERL. A, FRE . R MR RAL
TS 7. 4N, R B AISIEC i o 7E iR
HPFAAR A BRI 2 SR A I RNase HI BURS Y
T E R A R P9 DNA sl peak,
RNase HI 7~ & A GBI — A Hiii& I BT #E A
KIHFFH H RNase HI Zfigny 2k 2 S 80R 48 -
Il 75 2 1} 24 P MR AE Z2 A5 PR (A Hh i K 4B
RNase HI i VEA) SR IEG N 1 k35 43 SOH 6
BCPGYD AL | FIAR T AR A R U i |k
RNase HI P4 1 B Bl il X5 20 77 A9 [ 45 520
Rk, il RNase HI #i 5) S5Pi4E KRy AH
GG BT AR RIS S5 W IR T RICR , iy
TR R [ 40 B 24 P AR A R B

MHTHY—LEUESE R W], Bk RNase HI #F, H:
Al it E R 5 | 0 T 45 A E T FE R
FETR T, B B 2 B TR S B R 1, 4wifih DNA
R A (DNA polymerase I, DNA Pol 1A R:[A
polA ARG, &4 RNA 5¥HI#TE DNA F B
FLEP 7R LR E ARG rohA SRR AR fS, 4%
H R BRI EE I B KB RNase HI Al
DNA Pol I 7E5| ¥y 2B L[] A 4420 RE . mAEmh
FLZFHIAF A D, AR B PR S IR W R, —
FEA 5" 3N UIBEEVER 5'— 3" ST B
(ARG YpeP X RNA/DNA 45 Y HA 14l
s i 5 %k L e B o A R B AR R B 1, R
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YpcP A RETES |9 Fff vh 2 45 £ BAEFSL. Best,
1 B RIK YpeP AREHE L DNA Pol I AH G RE R
KB HUR A bR, I L PolA B YpeP it
FEF BRI TR 0 il RNase HI 56 TR A& 1) 44
24 4R FAEL K YpcP . DNA Pol I Fll RNase HI
SN AR B AT R R B, IF B A H Y
HRETCT: AR S AN 7T . AR Ly 450
FBIFE A B, — it ATP (R RNA fif e it CsdA
Al DIZEARIR R AR RNA, I+ HAEDhRE 520
%R R (ribonuclease R, RNase R)H.#b, A,
FATHEM, NSRS 5% RNA (G19)1)
fifg o] REAE T BIME R T I RE . T A [ B E
AN TR 20 B v o] AH B RCS DARE AR 5 | 08 B
T BT b 1 B 240 7 A 3 A A RN A Al R R —
MEBFRANE . A Yao FEPIE LM
Iy 308 20 B A [ e 2 0 20 D't B 1 5 TR vy o 38 o o
T 5L K v (torRitor ), Fiaz FH 2 S il A K it
A B AR BRI T 3 S i AR AR A
14 STV 240 L o7 S 3% 36 i (e S PE DGR BE) o
I, AT LU 3 43 8 Sk f8 98 Ot B 1 (green
fluorescent protein, GFP), #%{%5¢ 45 [ (yellow
fluorescent protein, YFP)F1ZL 8 %¢ )t 8 H (red
fluorescent protein, RFP){fi A £ YpcP. DNA Pol
F1 RNase HI PJERIZ8 (L %A% 1/, RS TEZ:12
R WA, BRSO A Rk, IR
P A7) 25 1 2 ' 0 1 B5C7E AR [R5 28 (n 52 3 SCRf
) BERT [ A2 ARG O, DN TTTA) 20 4] W 3k S g 7
B YRR TR 585 Y o A A5 BE A BRI T
B A Je , ARG IR] RS 31 S A i ke

At
A O T T 5 o2 1 2 AR 5 R

5% 1 17“RNase HI BIZ5H4HIE" S k2 516
el S0 TAE .
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