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KilETF Micrococcus luteus R E HRHE FRIEFRIZRH
Mg ERPRRAERNEEKIER
k" TER' OERR' Z2WE 4w’ THRE® FBE’ ksR°
(1. WTA RIS R2E VTR BE WL BT 310007)

(2. WL R 2 R SRR A2 B WL &% 321004)
(3. WHTAMERHE AR E WV il 311121)

# E. [#%]) 45423 E -F(Resuscitation promoting factor, RPF)Z vy & 23 & i ik v — &
EWEAIR, RMIE Micrococcus luteus FARZIL. "€ TMEREW E KRR E kLA K, WLt
EF A mE LA AIAERBOR, A f X T RPF 2 TIRLAE & o IR R 46 78 A 9h am ) 49 B R 1R A
RAREEEARE. [B ) AFRITGAMN TR FLIRIRA A AR T RPF X IR
go P A EARIR A B0 A AR AE A L7 ik 14 Se 5t 2R T Micrococcus luteus IAM 14879 % RPF
(MIRPF)& & 55| AT £ 15 & F Wi fe Bl R ARIE; MJE LIE T MIRPF %535 B 5F £ X HAT &
PR AL G A EL MIRPF 3 #E M7 RAF S P ARG AT ET LA KA.

[4 %] MIRPF FE3tALAT LA T30k %, &5 L€ RPF KA R ; HBELM ST AP MIRPF
AH 5 C AE B BBARL LMK, XA B T M4 RPF Rk & G B4 58675 14, £ 40 MIRPF
HERATA FRFT TEHEE, €HRBILIIRIRE M. luteus TAM 14879 £ K, 1RE T K A2
& FIR Z4L MIRPF M 75K &M i5 AR SE T 4 B 3k 4F T Dietzia. Paracoccus. Rhodococcus
Fa Brevundimonas Wk, (4581 A IRBAFou T A 4 % A BF BT SR 4 TR 69 K R34k
ik, AR T MIRPF 69 KK A M i ACsE BB AL R ARYE
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Heterologous expression of resuscitation promoting factor from
Micrococcus luteus and promotes growth dormant bacteria from
activated sludge

ZHANG Yu'" WANG Hui-Rong' MEI Rong-Wu' LI Ming-Zhi'
DING Lin-Xian’ SU Xiao-Mei’ ZHU Rui-Fen’
(1. Environmental Science Research and Design Institute of Zhejiang Province, Hangzhou, Zhejiang 310007, China)

(2. College of Geography and Environmental Sciences, Zhejiang Normal University, Jinhua, Zhejiang 321004, China)
(3. Zhejiang Environment Technology Co. Ltd., Hangzhou, Zhejiang 311121, China)

LI Yu-Ru!

Abstract: [Background] Resuscitation promoting factor (RPF) is an active protein secreted by some
different actinobacteria species, which was first reported in Micrococcus luteus. It resuscitates the
dormant bacteria and promotes the growth of active bacteria. However, few studies have investigated
its contribution in environmental samples to the growth or resuscitation of bacteria other than the
original host. [Objective] In order to find novel strains and explore the functional bacteria, we
investigated the role of RPF in promoting the latent dormant bacteria from specific environmental
sample. [Methods] Firstly, bioinformatics analysis and homology modeling of Micrococcus luteus
RPF (MIRPF) was performed. Subsequently, the M/RPF encoding gene was cloned and expressed in
Escherichia coli; Finally, we used the purified recombinant MI/RPF to study the resuscitation effect
toward latent dormant bacteria from an activated sludge sample. [Results] Bioinformatics analysis
revealed that the MIRPF branched separately and was distant from other RPF family members in the
phylogenetic tree. Structural analysis of its “RPF-domain” suggested that M/RPF has a similar
catalytic structure domain as C-type lysozyme, this finding helps explain why RPF family members
have lysozyme-like activity; the recombinant M/RPF was expressed in soluble form in E. coli
expression system, could promote the growth of M. luteus IAM 14879 and retain its physiological
activity. By used purified recombinant MIRPF, we isolated Dietzia, Paracoccus, Rhodococcus, and
Brevundimonas strains from an activated sludge sample. [Conclusion] These results not only provide
a novel method for the study of microbial diversity and the exploration of special microbial resources
in environmental samples, but also provide a theoretical basis for the research and development of
wastewater bioaugmentation technology based on MIRPF.

Keywords: Resuscitation promoting factor, Micrococcus luteus, Heterologous expression, Dormant
bacteria, Activated sludge
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&2 2 FE K F-(Resuscitation promoting factor,
RPF)J& H HE LU TR - I i TS R R L BT, BB AT
INURBR AN R A AR, X IE H AR R A R A
ARECR, B R S P AE R O OR T
(Micrococcus luteus) PR &K BN, FJG AEL5 %0 F I
J& (Mycobacterium sp.)? . BekF B8 (Corynebacterium
sp.)P! EE RS B (Streptomyces sp.) V&R BRI T
rpf AR EEA

V5T M. luteus RPF (MIRPF)S: T %F [ BHARIR
S EA S IEHRCR, AT AR R e LR

GHC% & i 2 R PHPE AN A i A, KRB B5 ) p
5 HED >0 T MIRPF 2y 4B 2 BRAE AR
TR, TR R IR U (pmol/L) FE AT 95 A &
PRIRZSANAENY . FRT RPF XHARBR 41 2 SR LA A
WG, A MR R A & B T s e,
SR B A PV TR S TR D) B A R A BE A 0y, 7 AR
JIRBE I B, % Bed o s RIS 40 B A I A5
5o,

HATA 5 RPF ABIFSE 3 2R v 7 PR AU (B
T PRSI AW, MET RPF X F4EIRI
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BErE R B e 1 3 LA T 0 52 DA AR Tt
UL TN B, AR IR ITETS K
VRN RGE | 15 YIRS | SRR AR A Y, RPF
AT T3 BR H B FELASMR SRS, Jf Hixk 2L
PEP AR B 1 A Li PR M
luteus }55% LIS W5 1 RPF AR AE B 255 K
hOR IR T R AN Gordonia jinhuaensis ZYR 51T,
Su 25O B [R5 A 22 RIS e (IS e 4y
BB T — bR B 2 KRR MR bR Rhodococcus
biphenylivorans TGOT . BRI UER] T M. luteus Frifi]
7 RPF MR AR 5 52 5 PCBs 75 44 -3 rh AT
XTI R i aloR I R 2 AR E ), Puspita 251
FIHIET Tomitella biformata W2 INEdE R 1R
- VKEEFE S B3] T —HE Brevibacterium antiquum
strain VKM Ac-2118 HT k-

ASCUAFHBT I TERN TN . T A IR T RE TR A1)
JEWFSE T RPF XGPS AL S IS TE DI RE TR ()Y
SHRUEER, XPRIET Micrococcus luteus TAM
14879 f# RPF (MIRPF)& 179 BT RGBT
FIFHN ek, JERTEA T Has W25k X H 4w
BRI T T vale X KA SR R38R R
PSR SR T & I EE 4] MIRPF, P& M5 et dh
IS TEMTUE IR T 2 e A Kb, Bk
WS4 A T A b P RPF {2 2R AL, 3
BERE I RE AR My SR 42 R AR i s, o
T B B b 3 e 2 A R i Y R T A R i K
B SIRMRE P AR B & 24 FE LAl
U R
1.1 B RHR

Micrococcus luteus TAM 14879 " rpf R [F >R 5
. HIWNLINTE R 2 T AR B 15t 5 Escherichia
coli BL21(DE3) CodonPlus FflF H AYEEH s pE gk
iR, ARTIERAT; FRIRFR pET-28a(+)H] T H4H
AR, AR SR AT
1.2 EE|RFA. NEREFE

PR NI BamH 1 | Hind 111, PrimeSTAR

Max DNA Polymerase . T4 DNA %32 . DNA M &
HorFabnifE, FAEY TROGEFRA R HE
FEPRIZHARBOR T 2 . DNA glifbik & . Bk B
R B ek, A T A TR A PR A
Al RO BERHEEY), OXOID 2wl AU
IO, WA )R SA R A A A alifl
HZEFZEMTA i NTA Agarose, QINGEN AH]; 2
BATIR T SN B 464 T AW TR (1) e A7 B A
G

EIRER R, F IR I 0 B (S0 s A B )
AR FRAE, IR RS REARAA; Sk
ZEIRK AR, Panasonic A W] ; A AR E LHL,
BECKMAN COULTER AF]; NanoDrop 2000 #ifi
HEIMPOLEE T PCRAL. BAKIEVKF, Thermo
Fisher Scientific A w]; HIKIY, FHEERAERHARR
Nl BERNAZ 258, Bio-Rad A ],

LMM ;32 %5 (g/L): NH,Cl 4.000, KH,PO,
1.400, 4:#1% 0.005, L-FEZJR 0.020, 4i4=% Bl
0.040, JJL1F 1.000,MgS0,40.030, L-FLAERHEE: 10.000,
1.0 mL ¥ TR 7 (0.375 g CuSO,4-5H,0., 0.785 g
MnClL-4H,0 . 0.183 g FeSO,7H,0 . 0.029 g
Na,MoO,-2H,0 1 0.089 g ZnSO4-7H,0), 5 pH
% 7.5, 1x10° Pa K4 20 min.

LB [{AIEFRE(g/L): B 10.0, BEREEHL
5.0, NaCl 10.0, Biflg¥y 15.0, #4795 pH & 7.0,
1x10° Pa K4 20 min, 2 H1Z 50-60 °C IHEIHIEAR .

MK SOB Higrk(g/L): WfbEHNR 20.0, B
BHEE 5.0, NaCl 0.5, KCI 2.5 mmol/L, ¥#J5H¢
755 10 mmol/L MgCl, {3 8.5 mmol/L, 1x10° Pa
K 20 mins
1.3 FIItk R EIREE

¥ M. luteus 1) RPF ZE[Jy 4L BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi)5 GenBank %§
2 v A () 240 1 A 905 79 2 s A e DR A8 I 5 L
B, PO RPF JP5F A ClustralX 1.83 {4
P T ZEFH HAE N MEGA 4.0.2 8 &
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GLRBE M. BT AR P o A TE L T A
ESPript (http:/espript.ibep.fr)5¢ il

[ P A Phyre2 U7ELR 58 i (http://www.sbg.
bio.ic.ac.uk/phyre2), ¥ MIRPF WY EEMRFH i A =
REEFIBIENR 5545 Phyre2 W, ARS5#5 R FH 28 8k DA
PDB %4 2 o C AT 19 — & il o3 ™ A
ZAEA, BRI E R AR IR %54 PSVS
(http://psvs-1_5-dev.nesg.org/) X iX L 45 7l JE £ 7 PEA%
FHET , e ISP {5 S E MIRPF 1) = 4E45Hh:
AL
1.4 rpf BEE®RE

PEUL Micrococcus luteus FERIZH DNA, rpf
[N (GenBank 45 CP001628)i 1t PCR M ik
WAREYHER 4] DNA iy 381558, Birsly.

5'-GCGCGGATCCATGGACACCATGACTCTCTTC
ACC-3', Fii51%) : 5'-GATCAAGCTTTCAGGCCTG

CGGCAGGACGAGCTCC-3', R4 BamH
[ #1 Hind TIREGFYINL S . PCR WK R : M. luteus
IAM 14879 JL£[K4H DNA (50 ng/pL) 1 pL, F. T
5191 (20 pmol/uL)4% 1 pL, PrimeSTAR Max
Premix (2x) 25pL , K # 2% & F /K42 5] 50 uL . PCR
N4 95 °C 5 min; 95°C 30s, 60 °C 30 s,
72°C90's, 30 MMEFR; 72 °C 5 min, SV 45 ok B ik
Rl PCR 4. PCR ¥y BRI N VIR )
o R RIREBED) 5] pET-28a JEokE. SR K ERFDI 89 H (1)
B R B SR 7 BeFI T T4 DNA SR I%E
¥ A T4 TR pET-28a-rpf . i3 "W AL E. coli
BL21(DE3) Codon Plus &322 4101, F+% 50 pg/mL
RIRERN LB A IR B 7 PR se b ik, Bl
PRI 5w B 1A 5 D B0
1.5 EJERRFIEMAEN

A DU P 36 TE A 1) T AR PR HZEFP 2 200 mL 2
K SOB WA 7= 5 (5 50 pg/mL RIRE ).,
37 °C. 180 r/min #RZH¥EFE, TFRIAARE] ODgoo
4 0.6-0.8 I, HIAZHKEE 0.001 mol/L IPTG 5%,
24 °C. 100 r/min }53% 12-16 h J5, 4 °C. 5 000 r/min
B0 5 min JFUBCERRA. A 5-10 AR

0.05 mol/L Tris-HCl ZZ i (pH 8.0)FHAH{A, #5
(500 W, 7 2 s alfE 2s, 3L 20 min)@iESG 4 °C.
12 000 r/min &5.0> 10 min Y FIE75 28 IR
[K N i ek i HARE 11 N-3 &8 2 BRbr 2, N
BRSERIAE R B E A T4k, 0.1 mol/L MRk
VR H A E A, YERAEA 10 mL. A SDS-PAGE
HL TSN E AR R 2R . I BT R I 2R 1 4y
28 2 YOBHTLBRKME , 22 0.22 um JEBE K H 5
I EARAFT—20 °C R

1.6 M. luteus IAM 14879 BYKERIR7S1ES . RPF
FIBTEMIIER ARIKE RPF WEHIRHIEN
SapA

Micrococcus luteus TAM 14879 PRIAR 75 5%
A Puspita 251k, FERREIA AL T A S A1
HEARNGZIRES . B8 Micrococcus luteus TAM
14879 MR fE IR IEFI 25 A LMM 85 55 5
(Lactate minimal medium) {558, 75
SR, 30 °C. 140 r/min #EZ% 5% 10 d, B
JE R 50 do K5 100 pL Sl AR 2 B T R 43 )4 il
F| 10 mL LMM 555, SCORZH iR nA& kB R
5 pug/mL 4 ki E 4 MIRPF 1, % B 78 045 &
B TE BB 4] MIRPF %19, 30 °C. 140 r/min 54
3% 120 h, WIAIEEAIFE 24 h 76 LMM AR il
%€ CFU, RAHPATINE 3 K.

B S S 0 ARIROIR S W) M. luteus TAM
14879 SE LR RN 5 S A LWE RN 5 pg/mL
(0.19 pmol/L) ., 5 ng/mL (0.19 nmol/L), 5 pg/mL
(0.19 pmol/L)4lifk ¥ MIRPF () 10 mL LMM }535 5L
1, 30 °C., 140 r/min 3557 . FE[]FE 24 h E ODgoo,
W M. luteus HEAAEOL, BAHEATINE 3 ¥, LGN
KB 25 B F RN
1.7 RPF EAEMSRERHERPEERRARER
H RS R iR R K B SR L Ak B8

TP TS VR A SR BT T I sy 3 35 DR T AL B
J o4, B 1 mL /KRS AL, 4 °C L5 000 r/min
B0 2 min 55 B, 1 mL KR LB FKIRGE
IRAIVER, 4°C. 5000 r/min &5.0 2 min J515 Fig .
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FIFl MPN (Most probable number)it #0557, 5
KA M 4L(RPF AbHEZHFN RPF XHR4L), A4l
3 ASPATSEES . B 100 pL y57R ISR TRA
LB ARSI, Bk 107!, $24
JE PR 107 U 100 pL R AR T — M58,
ICH 1072, RIKEHER 10°°0, BJFE NI
ININZRIE R S png/mL E4 MIRPF HH ; 7 /h—41
[FFEERVEAS I AE 2 SR TE 1 MIRPF 8 UV Xt
H8. 30 °C. 160 r/min #RFHHEFE, HARDWERRE IR
IERE, MERRER, B4 3 LR, RiE
38 AR S R B SR R B TR T4 alifk

AR R v L SRR PN R A R s, PRIBCRAS
BRIV R0 R TR RO S A T A TR (vt L
A B AT 16S rRNA B K %58 437 o
KELRB IS RAL B R A R B AR A/O
T2, RyeRBOZAEYFEE K, 1EESH /N
A/O B EH PRl RPE XZIRK 5 A AR FICR , 15
B2 4L, B R AL FREA (] 1), RAEFIEFR
SEA AR 140 mm, S 200 mm, AR
ML 3 L, Hrp B RaERe, K Ui
R IE TS Y 0 SRR 2 2 B/ E T,
BE VKA B W R B K, IR KR

A p—
Reflux
Influent Control group pump
50 L Tank olyrethane filler
Effluent
Influent i -
ump @ =2 Aeration
pump 140— Reflux
pump
Effluent
| Aeration
B

Influent
(Control group)

Influent /

(Treatment group)

BEl1 A#MRFAERAN A/O %

Figure 1 The A/O equipment used in this study
ﬂf A: (ﬁ%}%@, B: i%@

Note: A: Schematic illustration; B: Actual equipment.

[

N ne X

)

(Treatment group)

\ Effluent

(Control group)
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, i 2 ERCEATF AT 24 h, P AESON AR
ﬁ’q’:w&r“ FEHITE 12 mg/L, B AER, EEHE1T
30d, AT 10 RATSIRIMEI B, RENTFIF,
AEBRLAASINAHE A 10%(RFLEL )G RPF AR
(il 5 TR 1.5), Xof HRZE V% I 458 4 = T 3% () RPF
MR, FfifS 20 d E8a0EK, Wi EUE, 23
ME P K CODe:. NH3-N I TN, l5E J71kS
YNy s A
2 FR5iT®
2.1 RPF EEFFI LR R 91

R ZEIH MIRPF 53605 T Glutamicibacter
nicotianae W SMEHE R F(FE 5 5% 50 ABB51647)

93

ST 3 2), PSRRI 93%, 1M
— N 34%, EGOCRENE, MIKEH Y RPF
RIGE 5 ; HRIET Mycobacterium tuberculosis
H37Rv 4 5 N[5 11 Rpf A—E AT BAR 1Y 41—
FEOFH—BE R 10.2%-23.5%), Stk
WIS RI AN BRI UR B RPF 7881 | s 444 1 rig
FFEAAERZE R

BARTEARFIYNFDRIRAY RPF 2 P8 K AT
TERR 2GS, (HIXUEFE] N A HAT — BT X
I, FRO“RPF 45938, KEEL 75 DNEIERR, Frfi
() RPF Z5t30 Y5 C BRI RBEZOR HAT R, 16
PEHUO I EAT B R T AR R I (] 3), i 2R
RN T4 SR ez e T

Nocardia donostiensis (OQS17377)

Rhodococcus sp. BH4 (ARE35706)
Mycobacterium tuberculosis H37Rv (NP215382)
Dietzia alimentaria (WP010542138)
Corynebacterium pseudotuberculosis (ARB43553)

| Micrococcus luteus (CAB09664) ‘

0.2

& 2

Glutamicibacter nicotianae (ABB51647)
Mycobacterium tuberculosis H37Rv (NP216966)
26 92 Mycobacterium tuberculosis H37Rv (NP216400)
Mycobacterium tuberculosis H37Rv (NP216966)

100 Mycobacterium tuberculosis H37Rv (NP216905)
@moneﬂa enterica (AAX08054)
Frankia sp. EAN1pec (ABW11940)

Labilithrix luteola (AKU93750)
Mycobacterium avium (AAV32821)

61 Intrasporangium chromatireducens (WP081793761)
32 ’5_0‘——; Streptomyces phaeoluteigriseus (WP079275120)
99 86 Mycobacterium chelonae (WP081343114)

Mycobacterium tuberculosis H37Rv (NP215525)
Corynebacterium sp. Marseille-P2417 (WP080795918)
Rhodococcus erythropolis (WP020908607)
Rhodococcus sp. 66b (WP080909179)
Tomitella biformata AHU 1821 (BAM77815)

Vibrio nigripulchritudo (CCO58589)

Nocardioides sp. URHA0020 (WP081795080)

S&iEF M. luteus RPF (MIRPF) R EFEER MR Z L B

Figure 2 Phylogenetic tree of M. luteus RPF (MIRPF) and other RPF homology proteins

. FHER N MIRPF; $55 W45 K GenBank HF 8 7515 51~ 5 5

A ERALIE RN 0.02, £ 100 NEIEERA T AR,

15 5 B9% ol Bootstrap {E(1 000 YR E EAMFERIE /0 H); L)

Note: The MIRPF is indicated in square; Numbers in bracket are the protein sequences accession number in GenBank; Bootstrap values
(expressed as percentages of 1 000 replications) are given at nodes; The scale bar represents the genetic distance is 0.02, indicates two

differences per 100 amino acids.
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o2 nl
NP216400 T TT 0000000 20
) 30 40
NP216400 GAMG NgjaR] K P AF[EEvVGNP
CAB09664 AT DL E] VQETILIS SIQAVIEEEGY P
ABB51647 LN TN TeNCrCCH LIS TR KAFES S GMP
0QS17377 . I Y| Qs SHEESEYA
WP010542138 - - -2 I Y| slpls AY[EHETOYA
ARE35706 IR I Y| slP|s AHEEGOYA
ARB43553 Al I Y| A GFleleGoYa
NP215382 Al I Y| Q« rH[EEGEF A
NP216966 .|1Al I Y| Al AN[EESGSA
NP216905 -1 A il Q ISIN[EE VG S P
NP216400
( ) 80

NP216400 VANRVLAE[EL GARAISGI]

CAB09664 RAEILQDL[efeW SIQXLGL

ABB51647 IATKVQAT[eleW TAKLGI

0QS17377 VAEKVLA S[eIen SAKLGL

WP010542138 IAEKTLAG[eEW SAKLCL

ARE35706 VAERVLAN[EW SIS S|ILGIY

ARB43553 VAEKVLAS[eYen SAKLGIL

NP215382 VGERVLAT[eIER GRGLS .

NP216966 VAENVLRS[ele T GRR[G. .

NP216905 [VADNIMKT[eJeiP ssClsQa

3 MIRPF B H[EEEB“RPF &M X18% F5 bL it

Figure 3 The “RPF-domain” region of the multiple sequence alignment of M/RPF with other homology proteins

. BSFRET RPF Rk ERST A A IRIERE. NP216400: RpfC (PDB ID: 2N5Z), KURTF Mycobacterium tuberculosis H3TRv;
CABO09664: MIRPF, JIET M. Luteus; ABB51647: HIRT Glutamicibacter nicotianae; OQS17377: HET Nocardia donostiensis;
WP010542138 : KT Dietzia alimentaria; ARE35706: HKJRT Rhodococcus sp. BH4; ARB43553: KIEF Corynebacterium
pseudotuberculosis; NP215382: RpfA, KIET M. tuberculosis H37Rv; NP216966: RpfE, HKIET M. tuberculosis H37Rv; NP216905:

RpfD, KJETF M. H37Rv.

Note: Conserved glutamate residues in RPF family are labeled in asterisk. NP216400: RpfC (PDB ID: 2NS5Z) from Mycobacterium
tuberculosis H37Rv; CAB09664: MIRPF from M. luteus; ABB51647 from Glutamicibacter nicotianae; OQS17377 from Nocardia
donostiensis; WP010542138 from Dietzia alimentaria; ARE35706 from Rhodococcus sp. BH4; ARB43553 from Corynebacterium
pseudotuberculosis; NP215382: RpfA from M. tuberculosis H37Rv; NP216966: RpfE from M. tuberculosis H37Rv; NP216905: RpfD from

M. H37Rv.

X X S8 (Alad2—Leul 20)JE 1 7 [ e, &%
FW] MIRPF [)“Rpf Z54380°H 4 4> o-SR 2 Ak, 1%
PR 54 R AR T H A — 1 o-1805E (B 4A);
ZERY LU X & B MIRPF 5 Mycobacterium tuberculosis
RpfC (PDB ID: 2N5Z) LA #HAH R 25 A1 454, &
BlERR R T AR 22 (Root-mean-square Deviation,
RMSD)EH 2.23 A, 1&EPEH A S RRERFEAEZS (ML
B FILTEE(E 4B); -5 MR C Ty =S ()
ZER T R BA A MIRPF Y5 C BB H RS HAT
AL 2 [ 25k (18] 4C), FEERIR T RMSD Hy
7.806 A, XKRHIIX 2 M A HAMMR ALY =)
fie, BDEATA NG, XA BT it—2 /% RPF
(RS T fe AL

2.2 E4H MIRPF ZERMIFIREFRIEFGL

T M. luteus TAM 14879 [ B 70 5 I ik
DN 7 S AR AR L R BRI M, DL AS I B R I 8
Fr ORI 25 2 e HE R - FRATTHG rpf JE
DK 4 A B 2235 0K pET-28a(+)H , %00k AT 8 15
(I HMEATE N g A HARRE, B S5R 5
RN S FRATR A B B TR AR ARSS &, rflslif.
Wy Sk (A B4 ki %4k E. coli BL21(DE3)
Codon Plus, T RERKIFETREE, LMD
WA LA 2liflk, )54 Washing buffer (7%
0.1 mol/L BKMAYSEME, WIS EaifEr HE N,
7E 20-30 kD Z [ A —E 5504 5), H 58S
> F AT, X RIDRET M. luteus WA
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A Glus4

4 EFRRHERTFEM

Figure 4 The structure of the “RPF-domain”

T: A: MIRPF BIEELSHE, #ik8/m TGt 54 A 2R

B : MIRPF #4850 (15 64, 538 F Mycobacterium tuberculosis
RpfC (PDB ID: 2N5Z) CEE)ZEM XY ; C: M. luteus BLEA5HY
(k5 t), S5RIET Oncorhynchus mykiss 1) C BUEHE(PDB ID
1LMQ) (i f2) 254 Eb Xt

Note: A: Structure of modeled MIRPF, the arrow indicates the Glu
of active center at position 54; B: Structural superimposed between
modeled MIRPF (orange) and RpfC (purple) from Mycobacterium
tuberculosis (PDB ID: 2N5Z); C: Structural superimposed between

modeled MIRPF (orange) and C-type lysozyme (blue) from
Oncorhynchus mykiss (PDB ID: 1LMQ).

MR I RAE R AT B RSB T AT R,
1 L B 32 b K LIRESRTS 100 mg 19 B IR 1 g
T 335 MIRPF [AEH TRER, U] DAY H | sk
i34 T MIRPF il 45 .
2.3 EiH MIRPF 7 E MR

BT B R K R B S VR R T A A
MIRPF &9 AeikiE1E, B Micrococcus luteus 1AM
14879 3 60 d SAES, MLHTAE EBEKE
3.28x10° CFU/mL. %%¢T MIRPF M EAKIFAE S
1 M. luteus fEAERKBER, WK 6A i7n, $53: 72h
J&i, MIRPF ZbPRLAZN B M BOF IR K, JEikA SN
oA K30, XHECUIAR X B (AR 2T MIRPF) 2
F4ak; B59% 120 h J5, W0 MIRPF AR5+

kD M R

175 —
90 —

60 —
40 —

30 —

20—‘

s

N

B 5 SDS-PAGE % MIRPF & B KB & P RiE
Figure 5 SDS-PAGE analysis of recombinant MI/RPF
expressed in E. coli
FE: M B TRbRIE; R: SUERIBEAELH1300 T4 MIRPFR
£H43(0.1 mol/L BKMRENT).
Note: M: Protein molecular weight standard; R: Purified MIRPF
fractions by Ni-NTA affinity column (eluted with 0.1 mol/L
imidazole).
AN EHOAE] 1.01x10° CFU/MmL, 1M % BG40 B 4
7y 2.22x10" CFU/ML, 25 4.5 f5. X —45 1%
KT B S IR B Bl 75 AU EE 4 MIRPF 4Efs
THAPRTEN:, RUBERS IR ERIRIREE M. luteus
K. Puspita AT TE R EBKIET Tomitella
biformata AHU1821 W52 S i R+ (2 KA AT IR 3%
KRG RTINS A ZURER) T. biformata BAT
AR A KRR, HBER B A e g X 5 2 1)
P, AR, AR R R i a) f
Hikio FIMNRIRIER A SZ IR AL ik I T2 AR TS T Af
TERE S, M. luteus B RPF e HR B, VERMWRE
BE A K2 B2 IR (pmol/L)™MY, Tl 7. biformata (¥) RPF V£
W FR MR E /R (nmol/L) !, RN A IR RPF
SR 25 S T RE S A 1 B B R Y 81 B A () 4
PR

#E— 2 F T O E W E =Y
“J5 pmol/L . nmol/L 1 pmol/L)#J MIRPF X & F5 7%
AISEIE , A&l 6B Btz , B INAS [R) e i 2 ) MIRPF
XTFIRIRARZSY M. Iuteus AT B EWE IR ETE,
HpE W S 2 iS58, 7 pmol/L. nmol/L
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X
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B 6 MIRPF XiREESH M. luteus IAM 14879 I E 75
gk

Figure 6 The growth-promoting activity of M/IRPF on M.
luteus 1AM 14879 with induced under oxygen-limited
culture conditions

TF: A: MIRPF XHARIRAS M. luteus 1AM 14879 [AfE A < LR ;
B: N[EREE MIRPF AbPEXHRARZS Y M. luteus TAM 14879 [AI5ZNH.
Note: A: The growth-promoting curves of dormant M. luteus IAM

14879 after treatment with MIRPF; B: Effect of different MIRPF
protein concentrations on dormant M. luteus IAM 14879.

A pumol/L YEFIMREE T, AHELXT RESE RTG53 1) 12
= 1.4.2.0 Fl 2.4 £ iS5 R — B R0E T M. luteus
(1) RPF HA A AU/ AR B, ok gl vl g
B 2 (506 P O B R o 288 R i e 1) 23 (1)
SER, MBS TR B R O TR A ST B0 E
2.4 MIRPF XIiEM4HSRPIAERAE I E 7 it
EF

FIF MIRPF 2 552 A FH & 45 7K A= P b 3
RGP TEN AR, ORI R +
EAEY G PR R ReR, T 5K AL

IEPERAPIER o SR T B IR B IS 1T
PG URRE S, M4 MIRPF X AR BREF R T
AR KMFZE, A MPN HEGAESE, Wik 7
JItR , RPF AbBRLE I BE L AEAR AR B BE(107'-107)
500 #RAFAE B IR R 5 e 10 BRI T
X HRA A SR IR %, RPF AL PR S BUAH i v
PPN 5 AE 107 F1 10O FHBH T 0 RS R
TGRS ; WAE R —F FREL 1) RPF AbFRZ vy
PN B SRS S PR Sk, X e SR B MIRPF
XHRERTEUeRE S P I A SRR R R, 1
R E TR, S InTEYE MIRPF Ab BRI RE 80 o

A Control [

107 102 107 10 10~ 10-¢

MIRPF
treatment

Control
I V/[RPF treatment

A 1
107

100 10%10° 10

B 7 SEMISRARZ MIRPF IRIESR 120 h GRES
E

Figure 7 Analysis of bacterial density of activated sludge
sample by treatment with MI/RPF after 120 h culture

e A AFEFRBER IO % S B: 28 MIRPF Ab#f
TPV REE SR 120 h JE AR R HERT H.

Note: A: Observation of bacterial density in different dilution

bottles; B: Comparison of the bacterial optical density of activated
sludge sample by treatment with M/RPF after 120 h culture.
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TR P B E G R AL R, BRI R, Ui
15 YA it RT BB AAAE — o B IR IR (BROAS 5 A3
ARG AR R RN o Bl S i — 2 X R SR
AR T T oy fnaife, @l i B RIZ o 2o
Ja, MRS R R Al 2 16S rRNA K
YE, GERILEE 1, 2 RPF ACEERTIRASH 4 AN BERE
WN Dietzia. Paracoccus. Rhodococcus .

Brevundimonas ; T A% EARTEXT FEZH A MIRPF 4b B
I BRI . BEARTRATECA XX SE TR kA —E 1 T
PERBTRAE, (HIXSETR i 75 A Ab B A 28548 5 40
Y ARG TR 5, Hrh AR D. sp.
7Q-4 A AR R Kb P. pantotrophus
AT R R R TR R, sp. ZHS
AT ARSI B AL A Y R KA ek B. sp. YIM
KMY42-2 GRS TE 4208 > FAT HLak & o
P, FRATH 16S rRNA FERMF FT kS0 51#)
T RGN, anisl 8 iR, 4 RPF &5 3kAs

1 MIRPF E7 SRR P KIRIEER 16S rRNA
EREEER

Table 1 The results of 16S rRNA gene identification of
dormant bacteria from activated sludge sample after
treatment with M/RPF

W5 REHDAE  Geak s A
Number The most similar bacteria GenBank No. I ?:/lt)lty
0
1" Dietzia sp. ZQ-4 JQ809512.1 97
2" Paracoccus pantotrophus ~ AB681113.1 98
3" Rhodococcus sp. ZH8 EU167912.1 98
4 Bacillus firmus strain PAN  HQ285922.1 99
MC15
5 Brevundimonas sp. YIM DQ358649.1 99
KMY42-2
6" Pseudomonas stutzeri U26417.1 99
strain LS401
7* Bacillus sp. CMJ1-20 KC119106.1 99
8" Microbacterium sp. LC133735.2 100
JCM28704
9* Bacillus amyloliquefaciens KU922448.1 100
W *: {UFE MIRPF AbFRZL R4y B 44 " FEXS BRELAN MIRPF
AbRLH 453 B AT

Note: *: Only obtained in the MIRPF treatment group; *: Both the
control group and the MIRPF treatment group are isolated.

92\:Dietzia sp. ZQ-4 (JQ809512.1)
100 Rhodococcus sp. ZH8 (EU167912.1)

Micrococcus luteus (EF463057.1)

Paracoccus pantotrophus (AB681113.1)
T':irevundimonas sp. YIM KMY42-2 (DQ358649.1)

0.02

8 ET 16S rRNA EREFIINEMISRPHEIRS
B R R Gt L

Figure 8 Phylogenetic tree of bacteria strains from
activated sludge sample based on 16S rRNA gene

T 355 NS5 GenBank HPEEE FP8 8 34519 i BB
Bootstrap {E(1 000 X EE AL 43 H); Ho RAC R AL I B
0.02, % 100 MEHBRA PR

Note: Numbers in bracket are the nucleotide sequences accession
number in GenBank; Bootstrap values (expressed as percentages of
1 000 replications) are given at nodes; The scale bar represents the

genetic distance is 0.02, indicates two differences per 100
nucleotides.

i) 1 5 Dietzia 1 3 5 Rhodococcus kS M. luteus
WFIH—4r%, 5 2 5 Paracoccus 1 5 5
Brevundimonas BT, X5 AR H MIRPF X}
b B 815 EWM. luteus) AN H L6504 W) S i IR B
HARBIEHRR, HAT 35

Bl J FR AT TR B4 T S/ Mk A/O e,
BRI 1R KA B T2, E—3% 1 MIRPF
Xif K RS AL AL BRAG IR, AR PRAIAN I MIRPF AH$2
TR, X RRZHL S NS5 5t = i I 19 MIRPF FEE, ™Y
A E TSR LT 10 d Yk ESEK, E
BEE KA COD, NH,'-N il TN #h£RA8 b AL,
RIUET 10 K22 TFE, BERUEE 9 A-C): MR
BUKFER) COD EH{E K 505.61+36.82 mg/L, Z/h
R EAIE, HIRYMEIEEET 10 R)WERE
COD Z18 T, FifEfE (& 9A), XTAETTE
20 d Hi7k COD F¥{E N 170.06+20.44 mg/L, ikt
FHZH K COD SF4E R 145.81+12.60 mg/L, ALt

XFHEZH COD AbHECRIEET 7.2%; B RIBUKFERY
NH,-N EY(E K 27.96+0.81 mg/L, XfRRAz1T)5

20 d /K NH'-NE3EIEN 11.67+1.02 mg/L, T
B SEME N 10.55+0.97 mg/L, AR REZH
NH, "N AbHECRIRE 6.9%; MIHREUKRER TN
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—a— Influent
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(98]
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S

200+
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O

E
E —— Influent
10+ —&— Effluent (Control group)
5 —2— Effluent (Treatment group)
0 1 1 1 1 1 1
0 5 10 15 20 25 30

1(d)

B9 BWMEFITA/O REELEIT 30 d HABEIKRETK
Figure 9 The variations of water qualityfrom two sets of
lab-scale A/O equipment during continuous running for 30 days
e A fbisE; B: A4 C: BA.

Note: A: Chemical oxygen demand, COD; B: Ammonia nitrogen;
C: Total nitrogen, TN.

SEIME R 31.07+1.61 me/L, XFERAIEFTE 20 d M
JK TN SEXI{E Ky 18.98+1.87 mg/L, TiALFRLH Hi /K
YIE A 17.05+2.64 mg/L, FHHXTHRL] TN ZbBERCR
BB 16.0%, Liu ZP st 2RI M. luteus 1
7% L3 il £ 1) RPF M4 (SRph) AT LA/ INEL it

AT F N TAERUE K TN 1) 2 BRECR
8% A TR A5 i — 2R IE P15 IR 248 MIRPF
YAk S5 AT B K PR B b3 A 15 7K AR AR AR PR R G -
A P T Gl L T R R OR, iE T O T
MIRPF )52 /K A= Py AL A B9 e A= 8 2 BRI &
PEAEHSAKE

3 4w

STHIET Micrococcus luteus FIE TMEBER T
(MIRPF) (W AN T T L5 B 22 o i S 4t
L, 25K MIRPF HAT 5 C RIS TEREAH LY
o [E1 ey I 7 S v d P LY 5 P N v P el 4
FHML

ke T ORIET M. luteus BY rpf FEIH , ZEXWAFT
P SEEL T RN YRR R 2 KGR RIS R G i
Mgl MIRPF {4 7 HEH0EME, e Uiz
BAAE S UEARIRRZS B M. luteus FETE SEHE =
4.5 1%,

FIF MIRPF X364 75 Vet s B 7E A I P i
W TR IMITE, Bk 15K AL P R 458 A f
TE—5E B A IRIR AR, 76282 MIRPF AbBEA {5 Je ke
i B AS T Dietzia . Paracoccus . Rhodococcus .
Brevundimonas Fkk , W] MIRPF XJBk H B 15 F(M.
Luteus) VI SEBE G A W2 R R BAA 2 M AL
W, AT EME, XA B TR R sk
15 KA A AL B 3R G 2 A R i e B o
AR . XSS Ry T IR S P RUE Y 24
PRI SRR A P o I ) R R R s AR . o
— AN MIRPF TP KAY) @A % A e 52
ST I FH B A
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