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Rpf protein: a resuscitation-promoting factor for reactivating
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Abstract: Actinomycetes can produce a rich diversity of small molecule compounds, but most of the
actinomycetes have not been isolated and cultured because they are in a “viable but unculturable” state.
One of the causes of “viable but unculturable” may be due to some environmental stresses, such as organic
matter, heavy metal, antibiotics. These environmental factors make the cell form a dormant state, until they
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meet the suitable conditions for recovery growth. Resuscitation-promoting factor (Rpf) is a type of protein
secreted by some actinomycetes. It was first discovered in Micrococcus luteus. Since then, more attention
has been paid to the function and distribution of Rpf protein. Rpf protein can promote the recovery of
some dormant Gram-positive bacteria and provide the possibility for “viable but unculturable”
actinomycetes to be cultured in the laboratory. At the same time, the development of Rpf protein inhibitors
for some pathogenic actinomycetes also provides a new way for the treatment of related diseases. Based on
this premise, the structural composition, characteristics of the function, mechanism of action, and

application prospect of Rpf protein were briefly reviewed.

Keywords: actinomycetes, resuscitation-promoting factor, dormancy
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Figure 1 Comparison of amino acid sequences in catalytic domains of actinobacterial Rpf proteins

Note: M.: Mycobacterium; S.: Streptomyces; R.: Rhodococcus; A.: Actinomyces; C.: Corynebacterium; N.: Nocardiopsis
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Figure 2 Cladogram of the conservative Rpf domain distributing among different species of Actinobacteria
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Figure 4 Structure of lysozyme C
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Figure 5 Spatial organization of the Rpf domains in
Micrococcus luteus

TE: SP: {5 ks RPF: RSP ALK
Note: SP: Signal protein; RPF: Conservative domain/Catalytic
domains

A SRR RRIRE LS G0 A, — RN A,

HI%5 53 (LAiFIEs 114 AL it BRIk S L,

HARGE A B &0 B i s v Ve

2.2 2P RATE (My. tuberculosis) ™ Rpf BI451#
E IR (My. tuberculosis) P AFAE 5 FhI)

N

RERR /T B E M Rpf AL, Bl RpfA. RpfB. RpfC.
RpfD #1 RpfE (&l 6). RpfA & —FAHRH KB &E
T, HR B KO 2R - 9 PR 1 B Y 51 (kA
146-320)2H/%, RpfC. RpfD 1 RpfE {UALfF—4
Rpf PR5FIE, 1T RpfB & 454% 73 B 14 rhfe— HLAA
M IR EE T

RpfB JE454% 53 BT T Hhdne B2 2 1) — b &2 i
HER -, R A B A% R R A 5 A5 A B
FFRA RpfB 2 (RSP ST & B, RpfB Hii
6 1~ a-BBIER 1 4> B-Jr 225 RIS AL Rpf fR~F
R(E 7) ST C (18] 4)FIAE 25 e
F0) — S 1 B VS SR BB oML E AR 0 2 A A D200
RpfB T 5 45t 362 NEERR, bR T 75 4
SR AR, B —A GS S L4
FIHAE 5 AMRST B H 2R IR L A5 44 )1 3 SR 1)
AEIN(DUF348), G5 5l eir £ & A mS 541
B R A R A PRSI B 1) T B R 435 LT REAE
5 Mi. luteus Rpf () LysM AHEZ, 2016 4,
Ruggiero S5 WIS 45 % /AT I RpfB A b A4k
MR T 55— DUF348 ZEfate, Jf#7R 7 ik sl
PSRAZ R EEHY I I AF e SRR, RpfB,
WYEFR A ADUFRpIB, M Ab RS #: & B & —
A T TFEERIE AL 25 A Sl R — AN K Y G5 45

C

RpfA (Rv0867¢) SP

RpfB (Rv1009)

RpfC (Rv1884c) SP

RpfD (Rv2389c) SE
RpfE (Rv2450c)

6 RS FEAE Rpf EAMNEHE

~SP - DUF34 - DUF34 - DUF34

407

176

154

-~ SP -1:!' 172

Figure 6 Spatial organization of the Rpf domains in Mycobacterium tuberculosis

IE: SP: f55Jik; RPF: fR-FHUAEAE; SREXIE: Pro/Ala 325 XK

Note: SP: Signal protein; RPF: Conservative domain/Catalytic domains; Green: Pro/Ala-enriched regions
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Rpf domain

DUF348 domain
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Figure 7 Structure of RpfB in Mycobacterium tuberculosis
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Figure 8 Structure of lytic transglycosylase SIt35 in E. coli
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Figure 9 Multiple-sequence alignment of the Rpf protein of Streptomyces coelicolor and the RpfB protein of Mycobacterium

tuberculosis
e REME(Glu) MRS, & 5% 5 (Ser/Thr A1 Trp) A 5308

Note: Key catalytic (Glu) and substrate-binding residues (Ser/Thr and Trp) are indicated with asterisks
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PSR A% 0770 D EEER T, 5 NIpC/P60 Kk
R IR A 35%9AIIE. % 2 AR
(RpfB F RipA)TE/r 2440 MIAIFE e iR, X
LU AR A A o A AR AV E R O PR Y . ST
BRI, RipA G 5 (1 i 25 S SO M ) 2B 4
JE T BEATE S50 (RS T i) . KA B 1
BURT DA RS FR AN SE B R BT 1, AT i 24
MEX} B-Lactam $iA: R MUZM: . [Hh RpfB AT LAZK
fife N-THATHRE RN N- 2 ok B R % 56 2 (8] A T
S, TMAKEE N UIEG RipA 165 RO B KSR B AR 55 1Y
D-Glu-meso-DAP i &5 A &M, EATAEAER#
S SR T 2 LR 1) R R K A

FA b, AREHERR JLAMAILE] R iz 17 i AT R
PEo AN, £€ Rpf 2R, 410 REER A 8T
RESC T REE R Z IR b & 15 95 . SR T Ik 23k
PR AT RE IR B 2 A, TR R AR IR 4 ol 1) 52 95 J2— A
REZIG, LUK BIFE FBLE] 675 2 18 1Y)
W,

5 Rpf BHRIM K RRATR

(1) 24T %

Rpf 8 -5 TR B A5 160 1 Sh R S5 A2 (1 5%
A U, e MRAY T TR AR Y 1]

AR R BaE, RO TR B S AR 2 95 T RE S
EIE AU T Bk Rpf 2 A 7EARIR 40 42 95
W VR, 0] Rpf T6PE (8 7 BT X P Ik
RUGEAZ S o Z54% 93 B (M. tuberculosis)
FrrerE i 5 b Rpf, 7 LAVE A S50 B iR B HE 4T
J/?\‘[41-42]O

(2) Xt B AR RS T 0 A s

H AR T A B A Z R e, (B
90%LA_E T AE W AE GE 0 AT R R AN R RS IR
1), PUCRERE G TR/ NI A E AR BRI AR i
BRI ZREEM ) BORREE 8 | I BE SRR T,
R 2 TR E RN R T, (HERSETT,
M\ E SR 1 o3 B BT R A ATI A Ry SEBRFISE Y
0.1%0.5%, REBURLE HBELE A IRIAE T AEA,
B B N8 SN 5 ) (O -1V O 7 A B /L 7 |
DIReAIR 2 H T E TS5, 1 Rpf fESEA R 55
FIVE AR RS R TR 1 43 B B 3R A P R

(3) %)y IH

LER AR (My.  tuberculosis)) Rpf J&43h
BRI, RegRARRZERY, ERREM AR
PWER, AT LAE R SARE 1 A R o3 1 T8 45 4%
@;@[47—48]0

(4) Rpf FHF 454200 R E REA 120+

Rpf A FRBR AR B 19 52 95 e a1
T2 oY . TEG5 A2 B8 PR R s AR ) 2 A A
o RIS IR 2w BB, RV AR R SR
RAEK . XATRESE M TR P AEEA T FRRE R
EM BT E (My.  tuberculosis) MRS BCAYT, R
Rpf A] I F45 0% A HEA I T

(5) Rpf WS IAE AT A D PR 75 YL 4 )
(50511

FIFH Rpf 952 SV E RS Gy o A B AT e
DIREMIRIR B 75, LAINIS Yo Refde,  andigm
R fiie 22 IR P23 SR D | ) 040145 5 g
PO =LA B R R B T e, R
AT LAFIFE Rpf B2 S5 E FIBFFEAd 5 Y 028 15 52 1)
Jidie
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6 BEERHE

ok B BRI (M. luteus) Rpf 2 120k
PRI — X AR s e i -, 25
IRZZEXRRRIF A . /0B . SR RS 2L IR
FEIPERTH Y rpf JEBRIEAT TAFSY . FRATRTIARY TAF
0 & IGAY Rpf 8 1 FE N2 AE A TR A
{EARRIFR) rpf FERPE DUEON 1 A3 5 A4,
T S L K] 4 i 1) 2 1 RR A — > 2 SRR A AR BL Y
PREFIR(CR YY) 70 D2 LR R L), FET45HHEm, A
R SR T B T B PR S SR 32 2 T AT T R 440 R
PEILREAYIR A, /8 Rpf 25 PAAAERE AL . SR
AR R YR Rpf 25 A DhREQN? rpf FEN
(% DUEON A [ 0 Fh B9 A= AFBE 1A 52 7 BE A
¥ Rpf FEF it Rpf I EERE N — A RGEK
B TIRMCORIRR L R AL R ? LU Rpf
B 1RO IR A4 52 55 A AL 2 IS anfef 73X — R 47
B AT A T A TE— PR R 5%

FEXFDA_E R, AT TAER AT LA
D7 T -

(1) AR E P FIIL Rpf 819K 506
P EEAFMLEYIRN, X Rpf ST 5
IR, WA b Rpf AR IRiEYE, JEX4
fith Rpf 25 A BE R TR bR, PO AR BR T ik 5 B A
TR A R L

(2) WERIMLH YR . DAL E
P gt Rpf 25 AT IR T 915 Rpf 25 112
HIRTIIERG L TN, Fied AR
o RTINS, AL E DT TV

(3) RITH LAY R R R
SRR Rpf 88 I ARG SRR WA T IR, X E—
FhFF R IREE v ARG SRR R A ) T, DUk
BRI GRS IF R TR R IR B 8T R 9K
B il
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