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WE REZHE YS19 RMUKRR “” dhfh i B — RSN A AR, e KRR EAR N AT Z R e B AR, ORI
H 54 (symplasmata) 25 K4 5 BARSTIY S S48 AR A 2R . BEFURIL T —FITE YS19 H A Y MU Brmi ik i) 22 e A,
X HRIIRSR SR AT 58, RIS T s [0 22 2P B S iR AL AR, ek T B AR Y, EALRIATF 2 B alifl T 1%
HAB, RIWEE—MIIRIIReE N, HANS L2501 ABC B R4, 1 AT IEE A S R AR ME(E, JFnd
TR K I PR A 5 2 R 5 5 R B R ARG, SRR DD RE A J T B AR B A A N ) EE S AR

KR KRENAEE, RHEZE, ZAdaEn, ARaeEA

FRPES Q51

J& 172 B (Pantoea agglomerans ) & — PR T (1)
B A 7 PO AP (T I K 7/ NNl N o8 25
KA. BIZ R YS19 @& MIKFE “8E” S
I3 )l A A T AR AR TSR, YST9
755518 /K REAHELAE PN, A7 1R ik i) o] 2035 P M i
AR, HREIE R Sr WA I 3R R [ AR IR R K AR
IR RO E 2w B A0, YS19 78
A 2 KR 2 BEL N K 23 T KR 2% 25 7 00 4% 4%
B, HHRURE SURTE BOSAT 1) 3L 544 (symplasmata)
G5k, e T Bl SR AL A P R (biofilm) ) b A
b SERIAON SR INER 7 Sy A LN E R ¥ (IS 5V & 1
e B k. YS19 fEFe BB KA 2 ik i
AT BL,  TTRE AR WIS K7 R AR Ak
A 2 40 M SR AR 1 i A AR B B, HLAE S 1 b
BB DA B AOE Y. I X YS19 24T
GFP tricl, I HIEOGI RIS A B 20 il
YS19::gfp 5 YS19 WG H IR BATIH AN S, KN
SR G thVF 2 SR SRR T R, AN 2 YT
N o3 SRR ) R e B AR AR,
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b TG SR IS AR ES AP AU R
T SRAE AR Rk, SN
528 U TR 5 T U A 7 2 R Rl
17 T

1 MRS ZE

1.1 BHFEFEYE

J A2 B YS19 AR AL KRR “fiE” S Fp A
WAS S, T ARSI S AE LB B a1 773k 07
17 BUGRES, LSRR LB ks IR 5L
B 12 h, ARJG 4% 1% 5 (o) B Pl 2 LB WA
BRI 30°C Hi g%, RRIRHLHE 3 ofs.

12 ERREEANEZUSHKEARIZEE

JC T2 B Y'S19 A7 A8 A (540 i) AT B3 Jo
PR AEKOIRAS, K YS19 76 LB 8955k E 9%,
W28 T AN [) I i) B3 255 7 () VT v (R 9 Sk 1], YS19
TEREFR 6 h G B W L Ag), Wodkedn . B S
W, I BRAT T G I 1K 2 SDS- FLAR B
7 58 DA 4 TR M Bt 2 L T (PAGEE ) SV I 4 4 it 2 11 5t
Kik.

MHLPKEER F IR ZE e A, F AR I dEA T
WAk, 7518 i MALDI-TOF 4800 Plus %Y Jiit i 1%
(Applied Biosystem, America) ) #7 i ) v B K /)N,
RAFZLE ARG SR S . 8% )5 MASCOT
Jivk, £ SWISS-Prot H A5 % 14 o K 2R 1% 88 115
(1 A 1
13 ERREERAEANEEREARESHE
aifk

MRS B FIYR & A, 7S B (Enterobacter
aerogenes) ] 22 2F B 45 & & 11 MalE (ik Bt L fic &
49%, W& R 2.0 BER et 14, R PCR 41
BRI HFRFIE . H AR RV (1056 R 1%
TS m] BEAEAE S HAR DNA A— 0 58 A FL X il
R, IRFEY G452 1 7 90 nT e oK o e 41 (5 1 1X)
AN BRI S AR (1 S BR R A . BTEL, b T RERE
3B Gt i% 2= S 8 A e R R 81, Bt 5 1 Yt
KT 20 E. aerogenes 1 mal )T H), 1
malE % DR PR 7EC Gf 25 it~ T2 b 5 s 9 3 A 1 X
B RAARSEIX, W BESIY) 57 GCGCCATG-
GGCATGAAAATCAAAACTGGCGCTCGCAT 3’
N5 5'GGGCTCGAGCTTGGTGATACGGCC-
CTGTGCATCCT 3.

SR LA ETZ B Y'S19 FE R4 A AR 1E4T PCR
Poma, yestd: 94°C 60s, 55C 50's, 72°C 90s,

36 M g 72°C ZEH 10 min. Y1
S =PI TN, AR 8 o S Br R R AL 4 5 2%
RISV SO A Zi0 6 3 g AT IR VN E B v SN T
JP 0 W s e v 519, R BN S1 5 nlas n
FRAENTE N UG Neo T A1 Xho T BI5, Hob LyFE5|
YA 5 GCGCCATGGGCGGAGGATGGAAAGAG-
GTTG 3’ , FiE5l#HR: 5% GGGCTCGAGGCG-
TACATTAAAACAACAAGGTAACC 3’

DL YS19 &R ZH g ik, 647 PCR &3, Xf
PTG, 135 YS19 () MalE 25 [ i 3L P e
H). PCR Y G4 Neo 1 F1 Xho T (Promega A 1)
BV JG, SOk pET28a (R Zpilk, ®|A
FEDR R Y 0 T — > His6-Tag #+2%) 1) Neo 1 -
Xho 1 VAN HIE# U W) UKL #5 4L Escherichia
coli BL21 (DE3), b [ JE [Rl [ R TURE 8 a0 ok ) e o
R P ASEIL. A7 HimE A =4, dd
SDS-PAGE il

HIEHBERAE S 0.1 gL RIBE 210 LB 85
FREEh R TR, R R WA LA R 0.3 1, A
1 mmol/L IPTG 7 37°C ¥ 315 9% 10 h. KRl &
12 000 g > 7 min, WA B 44 B & T 0.05 mol/L
Tris-HCI(pH7.3), 0.1 mol/L NaCl ", JiI A\ 1 mmol/L
& ABFNHIF] PMSF, {E 400 W D2 T 5 Ab 73
90 X, EERALPE 3 s, [HfE 5s. #£4C K 12000 g
250 45 min, WO B RIS SR Ni SR A
JEMTFER > 25, 0.1 mol/L (KK Mt e, 4lifh &
F14 SDS- 28 A M5 Bk Ml 6% Jie /i Uk R 2% 15 Moy o i
(Sigma 28 F) ) B 0 )5 HEAT BUEA B BE A3 B, Al B N A
95%LA b, # [ ik EiE I Bradford 171 (Bio-Rad
AFENEN E, LA g E & A (Sigma A F) A
Frif.

1.4 EEEBEAND FHEFESH

H aliAb ) B4 R 1 0.5 /L) #h 1R 1 pH
A 1F2, 4F1h /)5, 25010000 g, 20 min)
ZBRUUE B (I, 5 B CRUTRE W& ) AT
SDS-PAGE ¥l

I3 FAEARTEPE B A H bR 0 R
EIPEAN [ S8 AL BR A A N IR A/ HI DR ST, AR
SCHR[10]4i 38 , 1% BL 3% R I & 1 i & I
(ADH)YE N JEY), ¥4 P& I ADH (Sigma 2 )
HEMAFEARKELL 1 108G, REBEERT
1 mol/L [f] HC1 i % pH2, f£ 25°C FALFE 30 min,
10 000 g ZL» 10 min. DU [R] 24 B2 1y A5 B4 4R
1) ADH 1EAH [F] 4b 3 4 % 1, 2R J5 H 0.02 mol/L
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Tris (pH 10y _F35 ¥ 7] pH 7.0, i3k SDS-PAGE
R ARDE R R )
1.5 EZ&4NE

A E e P (CD) Y6 g A J-715-1500 7Y
53 Ve dk 45 (JASCO A, Japan)Zr#rid sk, il
IXERANB 7K R4 IR (25°C ), R alifh 1) 8
For WA S pH 7.0 5.1, 2.2 F1 1.0, JF#E 25C K
85 1 h )5, B4R 0.1 em A3 9% LE £ L) 47 76
200~250 nm K [ ¥ CD J6il, REANFE S DG
AR A 5 RS R 515 2 EUE .
1.6 ERAIEXNEHE[R/KERERNZIY

A A TEAN R B 5 AT 1R 7K T 22 8 17 100
K 8- ZRAHE -1- 25 IR (Bis-ANS) ZE IR ET H R
BEATRIFZE. B8 A SO it H 1 mol/L (¥ HCL 43
B8 % pH 1.5, 2.2, 3.0, 3.8, 4.6. 5.0. 55.
6.0, 6.5, 7 20C FORFFALEE 20 min, 2R )5 &L
(10 000 g, 4°C) 10 min EFRUTIE, F HIEHE 28
WRE, EPINNZERER Bis-ANS, $5 o i & &
FURZIRIE N 0.5 gL, Bis-ANS ¥4 25 wmol/L.

H Hitachi F-4500 %¢ Y6 73 6 6 B V125 3 6E 255 K
BT 9 EamBE #r

2 % B
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AR LUK (K] 22). R D19 2010 ik 0B,
F MASCOT #: J7¥%, LA SWISS-Prot Jh H b %4
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Fig. 1 SDS-containing pore gradient PAGE showing
the protein expression profile of YS19
YS19 was cultivated in LB medium and sampled at indicated time
(2 ~12 h, corresponding to lanes 1 ~6). The bacterial cells were
treated with SDS-PAGE loading buffer (100 C , 10 min), loaded onto
polyacrylamide gel at equal protein concentrations, and electrophoresed
at 20 mA for 2 h.

(b)

Match to: MALE_ENTAE (p18815) Score: 116
Nominal mass (Mr): 43109; Calculated p/ value: 8.59
Number of mass values searched: 53

Number of mass values matched: 14

Sequence coverage: 49%

1 MKIKTGARIL ALSALTTMMF SASALAKIEE

31 GKLVIWINGD KGYNGLAEVG KKFEKDTGIK

61 VSVEHPDKLE EKFPQVAATG DGPDIIFWAH

91 DRFGAYAQSG LLAEITPDKA FQDKLYPFTW
121 DAVRYNGKLI AYPVAVEALS LIYNKDL VPN
151 PPKTWEEIPA LDKALKAKGK SALMFNLQEP
181 YFTWPLIAAD GGYAFKFENG KYDVKNVGVD
211 SAGAKAGLTF LVDLIKNKHM NADTDYSIAE
241 AAFNKGETAM TINGPWA WSN IDKSKVNYGV
271 TLLPTFKGKP SKPFVGVLSA GINAASPNKE
301 LAKEFLENYL MTDPGLE AVN NDKPLGAV AV
331 KSFQEKLEKD PRIAATM ANA QKGEIMPNIP
361 QMSAFWYAVR TAVINAASAR QTVDAALKDA
391 QGRITK

Fig. 2 Protein mass fingerprinting of the differential protein (a) and sequence coverage

with maltodextrin-binding protein of Enterobacter aerogenes (b)
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U5 T 7 ST # (Enterobacter aerogenes) 1) i 517 B
% LEBE 45 5 8 1 MalE (maltose-binding periplasmic
protein), 4 14 MUk 5 Z ILRC(ER 1), J741 A
JEVEH 49%, 1350{H N 116 (1€ 2b), KT W&
ZE5(P < 0.05)%F N AF /A 62, 15t Wi R U 1t 2 AT

Table 1 Matched peptides with maltodextrin-

WFE LN E. coli ) MalE &1, A 10 i
W5 2 ULRE, 1350 MH 0 69 55 = WA FE V01
IC B (Salmonella typhimurium) ) MalE 21, f 10
AN L 2 ULRE, #370E 0 60, HIBEHIWT, i
ZEF RIS E A S T R W 22 2P A R,

binding protein of Enterobacter aerogenes

Start - End M(expt) M(calc) Delta Miss Peptide
33~41 1056.58 1056.60 -0.01 0 K.LVIWINGDK.G
73~92 2212.10 2212.07 0.03 0 K.FPQVAATGDGPDIIFWAHDR.F
115~124 1266.66 1266.64 0.02 0 K.LYPFTWDAVR.Y
129~ 145 1876.09 1876.07 0.02 0 K.LIAYPVAVEALSLIYNK.D
129~ 153 2736.55 2736.55 -0.00 1 K.LIAYPVAVEALSLIYNKDLVPNPPK.T
154~163 1200.60 1200.60 -0.00 0 K.TWEEIPALDK.A
171~196 2949.46 2949.44 0.02 0 K.SALMFNLQEPYFTWPLIAADGGYAFK.F
171~ 196 2965.46 2965.44 0.02 0 K.SALMFNLQEPYFTWPLIAADGGYAFK.F Oxidation (M)
216~226 1188.73 1188.71 0.01 0 K.AGLTFLVDLIK.N
229~263 3868.86 3868.75 0.11 1 K.HMNADTDYSIAEAAFNKGETAMTINGPWAWSNIDK.S
246~263 1989.95 1989.93 0.03 0 K.GETAMTINGPWAWSNIDK.S
246~263 2005.94 2005.92 0.02 0 K.GETAMTINGPWAWSNIDK.S Oxidation (M)
278~299 2138.20 2138.18 0.01 0 K.GKPSKPFVGVLSAGINAASPNK.E
353~380 3095.51 3095.53 -0.02 1 K.GEIMPNIPQMSAFWYAVRTAVINAASAR.Q 2 Oxidation (M)

No match to: 959.53, 1058.58, 1139.51, 1211.70, 1222.65, 1224.67, 1227.69, 1289.64, 1321.78, 1322.76, 1398.92, 1456.75, 1463.70, 1506.74,
1550.76, 1593.76, 1612.83, 1706.85, 1713.82, 1766.93, 1788.90, 1897.95, 1899.10, 2047.10, 2122.04, 2235.07, 2251.06, 2402.19, 2423.20,
2711.37,3049.52,3092.57,3108.58, 3111.53, 3127.50, 3284.53, 3603.87, 3884.89, 3886.87

22 HEAREAMEERREERAEANRER
BARIE. HEBEAL

8 A5 £ 1 (77 W AT B MalE 5 1) B 5 (1)
mal BT, EEED T malE FE R R G R 2 1)
RPN O, SRR X &S 1, B
B30 T 45 malE FEIAE N 1) A — Bk DA (&
3a-2), A=K 1500bp, HIATIF. K5, XFEb
FEAIATF R malE, %2 YS19 1 malE 2R (1)
ECUR AN L 12 7 X RIE P A1, e YS19 i
malE SR 524759 1191 bp (K 3a-3), FFEAT
GenBank {4/ J45 (HQ398254). H:%ifi5 396 A& J:
W2, WAEFENEFS 8T, b 1~26 25 815
K. KRR YS19 1 malE 3N HES & A IR
JRBER Ty TR A 43 093, 1M [V R (7%

FFER MalE 5 [ 120 1 i ol 43 109, P o082
. &l tbxt, KB YS19 ) MalE 5 E. coli It
MalE & A R VR Mk 94.1%, 5 Enterobacter ]
MalE [F] 51 =ik 93.69%.

Foy gt LA R IE JFORE I, AR B H B JE DRI P g
W Neo T F Xho T VIR 514, PCR ¥ 3815
B H bR L (] 3a), J D i R ik B4k pET28a-
malE, FF4E E. coli BL21(DE3)SEHl T A Lk,
T MalE & —Fp & i = [ 1, 78 EALRIANIE %
TR B FURUE 5 IR D) B ) R 1 (9 1R
TR AN PN AL 5 (B 3b). Jl S AR AT sk
FIH 0.1 mol/L R MEPE i, % 55 41 A (1 B AT 70 B 4l
tk, 132 HEIk 4l MalE 3 (K 3c).
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Fig. 3 Gene clone (a), recombinant expression (b) of YS19 malE gene and purification of the overexpressed protrein (c)

(a) The extended gene (the gene cloned with the sequence being flank expended, lane 2) and the exact gene (lane 3) represent two PCR products of the

malE gene as described under "Materials and methods". M: Molecular mass marker. (b) The recombinant strain BL21 is induced by 1 mmol/L IPTG at

an optical density of 0.3 at 37°C for 10 h (lane 3), using an empty vector plasmid containing strain as a control (lane 2). M: Molecular mass marker. For

SDS-PAGE in (b) and (¢), samples were treated with loading buffer at 100°C for 10 min and loaded onto the gel and electrophoresed at 20 mA for 2 h.

Symbols: MalE(N), Nascent; MalE(M), Matured protein.

23 HEEHSFHEFEENE

MalE Z& [ [0 AR BR Ty g A Ji) o 2 0] (1) 22 20 Bl &5
HEA, Z25EFRN ABC B R4, (HAEAN
R R, ER2ZERRENEIES YS19 P45+
HRARE R e S, HREER A, gl
HAE N ABC 2t RA S H WA Z IR AEK R 52 2
Wz R, A, EILTUARTE SR Bk R
IS MalE £ [ 2 75 H A B IR D) i (moonlighting
function), RIFR T2 5 22 7M1 ABC 12l R 48,
W HRARMPUE A ? T A2 # YS19 18
A B R IR BRSNS A R, U AR A BT
FRME AL, P, JERK pH /E A BFT 4L
1A BE T RE IR SE B0 45 M LU U IO 9. K4l
W EA & AEAR pH %4F F (pH 7, pH 2, pH 1)
AhEE 1 h, Z 03 B EEAT SDS-PAGE £ %
(Kl 4a), SiREW, EHAERANAE T LERT,
LI AR R IR A AN S AR PR sE, RIS a8
FR A BEAT AR SR (I 32 VE . S48 A 0 A 5 AE 5
A TG B MY, W4, E~AM AT LME HdeA
TR E A —FE, ORI AR AH M ) oAt B

T 5% TR Kb B 3 I 9 A8 Pk T e, AT X 12 R
YS19 (PR EAN [ FREE A A7 G B AN FH I 2

T R EY MalE 5 (2 TR AE N —Fh ik
TRIhRe 8 R A 7 FAEBIE T, ARSI T A
MalE 5 [ A7 7T I JE 4 i 1 0] 5 19 Ak 348 11 ek
WA EAECOMA S ELE 1 ADH AR
SRR T AT LR s S RT S HEAEA
i, A% pH XY ADH A8 Pt 51k (0 ve 7E FH B
B S HB A, A E 2 (R R R AR R T RIS
o DR, CUAR R AEEEAE AN, K
SY ) ADH B F R AR T AR, i AR D
— AT B (& 4b). BIRERER], &
YR ORI YESAT T s T AR PEVE RIS &
RS A e, KIE T o0 FAHBRENE, RIH
HUAThEE. M 4brhmf LLEH, X AR
PEAUR 29 20% (M IR B 0k T A 30 R 15,
A AR RS (R B I BTt BE ) 82 51 T 49 10
5. RUEAE AR B 7 P AR IS M A AR
1, AHZ% REF] MalE 25 [17E YS19 H R iE El &
(B 1), FLARY AR RN i 2 AR 3 ).
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(a)
MalE treated by acid
pH7 pH2 pH1
1 2 3

(b)
ADH  + + .
MalE - + —
ADH—

Fig. 4 SDS-PAGE examination of the YS19 MalE protein in resistance to aggregation

reaction caused by low pH treatments (a) and its chaperone-like activity (b)

(a) The MalE protein itself was measured. (b) Under native (lane /) or denaturing acidic conditions (lanes 2, 3), in the presence (lane 2) or absence

(lane 3) of the MalE, the quantity of the substrate protein alcohol dehydrogenase (ADH) in the supernatant was examined. For, both (a) and (b), each

treatment was performed with a final MalE protein concentration of 0.5 g/L, and the proteins remained in the supernatants were examined.

24 HEFEHERZEMHMNE

H 2 MalE £ [17EK pH {H 41 A 548 T
VE, XMRRPE TR S A R E R O, AR
[ — A VE(CDY /ATl B 1 X —#EM(1] 5), BT R
W, APHRET, EAEAEEA 222 m bR
L8R I A0, T AE 208 nm AbAT —JE g, X4k
& o WEHELS IR AEE S 2R, BOIAE RIRAES T,
HHEOM R TN o BIRGHAR. 4
pH AR, FEZH H AR S5 1) 1A P BE RIS T
TR AR DR FF I 1K — 454 >4 pH 4R 2[5 % 1.0
AW, EAHE AW CD W& SRR S
pH 2.2 W IRFAEZRAL. 150 B A AR iy 1) PR 1k B B v
RPAE HL by e A T — S8 fy, A H i i R

0/(kdegecm?dmol™)
A o a

|
o]
T

L
)
T

200 210 220 230 240 250
A/nm

Fig. 5 Far-UV CD spectra of the native (pH7.0) or
acid-treated (pHS.1, pH2.2, pH1.0) MalE protein

at the final protein concentration of 200 mg/L

FET R85, WE/R T FEALE AR 7T BELE AR R
B 2 3 T T 5 1) (R AR AT A T AR S T AR TS
PEZE ISR R (0 T B8, BN IE 2 8 RN P
FEREAR, A AT DAB e FLE /K T, IRt 5 8 1
KIS IRV EAER, RIES TR DIRE. 1XF)
MG 5 HUHIAE LA AR AR D8 p K
RIIFAF R Fapnuem,
25 EHEHERpHERETHKEAREMRE

h T %52 MalE 8 TR RS P4 A A2 T 5k
(AR K TH B FR 7, AWF5T A Bis-ANS 2¢ Y645
ORI IE — W B AT T o0 (B 6). ST R I,
Bis-ANS 2 S BREF BAAFAE RS, LU e AR 59,
MalE SN JG, FEOG5REE ] WG . BEAE
pH {H I FEAK, 28G5 AW - Ft, JF7E pH 3.8
I} 9¢ 6 o BE K B T B . TR IR BE A
1% ) 5 —COO-1E AR ) pH(/D T 3) KA it 11k,
4 —COOH, J& # @R s 1) 5 ¥ K R F, pH
I — 20 R XS 30T & H i —COOH [y 3%
%, WOOCHREALE pH b 3.8 ARG S XA R
Beiadh, HEBERRMEKaOE. W CD w4
B, EAR REER R4 A R S T,
Fs W T E S ALY R AT 3 90 %0 et
B R ik, Y pH ERERIRACE, 286005 5
HPTREAL, ARATSER LR 45 R (pH 6.5) 158 B =
AL R XA UL, B AR AR A
TR R R T HEK I, JF 5 Bis-ANS AH B AR
FH 3.
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pH 3.8

1200} pH 4.6
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// pH 5.0
o 1000}  pH22
Q
5 pH 1.5 /4
2 800 | pHS5.5
S \
=2 600}
= pH 6.0
A\\ pH 6.5
400 +
200 L ANT alone
O —
400 450 500 550 600
A/nm

Fig. 6 Fluorescence of Bis-ANS probe (0.025 mmol/L)
and MalE protein (0.5 g/L) binding complex

at different pH conditions

LEMN SR pH 5.5, B KR SR K S IAr
Brass, e pH 5.0 LRI S, KAWEE
¥, X5 pH {E A 2¢ 600 5 (1) 5 35 38 oA

VikEs
KIS R

BT B AR Y T 5 PR A 2 i b AT
SEANAEAIRR A JUURs R0 1R 2 o R, At FOAR 5
Fll P. agglomerans JCM1236T #84 5¢ Ji5 4% 1% X1 A 7
T AA I JE (Klebsiella) T FT 04 J& (Enterobacter)!™,
fii 2 O — PR R EY). YST9 BB E
AR KR 2 B R AT 2 R R E T N A2
W RN SR R, RITHIL TUA R
BE AR GE RN T 48 715 A A2 40 TR 119 A A7 B S 2 TR
A - 15 ERAERLEDT AT B R X ARSI,
YS19 7 2 40 i L Bk AR KB B, 8 5 TR) AR A
MalE [{) %35 58 24 9, FFik ] MalE & 1 H &
HARRIGPURRE 71, HBERIE TR MR
DR b BT A B 1 B R AR TR DTEAE L. AT
FURI, TESBRAAT T, YSI9 AR MalE 4
AR P RS T, (RN ORFF AT 1) — 2K
iy, AGRAEARVEDIE: AR 2 HARAT IR S,
TXTRE P R AT 280 PR 4 4 L 4 52 PRI 6 1 B0 T 3
B AL Sy Z Ap oo B, Pt e DAHERT, iR ()
MalE & A G AR PEITHE (RF I, T REZ WIE YS19
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Symplasmata Formation Related MalE Protein and Its Moonlighting
Functions in Rice Endophyte Pantoea agglomerans YS19*

LI Qian-Qian"™, XIONG Xiao-Lu™, MU Yu-Fei”, YI Ting, LI Er-Li, LU Zhen-Yue,
MIAO Yu-Xuan, FENG Yong-Jun™
(School of Life Science, Beijing Institute of Technology, Beijing 100081, China)

Abstract Panioea agglomerans YS19 is an endophytic diazotrophic bacterium isolated from rice (Oryza sativa cv.
Yuefu) grown in temperate climatic regions in west Beijing (China). The bacterium forms aggregate structures
called "symplasmata", in which several (at least two) to hundreds of individual cells tightly bind together. Our
previous study revealed that there were two growth stages for YS19, including the single cell stage existing before
exponential growth phase and the symplasmata forming stage starting at the end of the exponential growth phase in
liquid LB medium. More strikingly, the symplasmata structures contribute to bacterial stress (e.g., dehydration,
heavy metal toxicity, and osmotic shock) resistance and are especially significant for bacterial surviving strategy in
suiting an adaptive life to hostile environments. In this research, YS19 was cultivated in LB medium, and the
whole cellular protein expression of the cultures sampled at different times (0~ 12 h) was analyzed by SDS-PAGE.
Here, a novel protein differentially expressed at the symplasmata forming stage was captured. The protein was
purified and digested by trypsin. The digests were analyzed by MALDI-TOF mass spectrometry and the peptide
mass fingerprint of this protein was successfully obtained. Then, database searching with Mascot in the
SWISS-Prot database was performed using the recorded peptide mass fingerprint data. It is found that among 53
peptides, there are 14 peptide masses matching to MalE from Enterobacter aerogenes, which is a protein belonging
to the periplasmic maltose-binding protein family of the ATP-binding cassette transporters. Then the gene of the
MalE protein was cloned from YS19, expressed in the E. coli BL21 (DE3), and the recombinant protein was
purified to homogeneity. Under stress (acid) treatments, the recombinant protein showed strong anti-aggregation
ability, and even exhibited chaperone-like activity. This assay was achieved by comparing the quantity of the
substrate proteins remaining in the supernatant under various denaturing acid conditions, where the aggregation of
the substrate protein was effectively suppressed in the presence of the recombinant MalE protein. Far-UV circular
dichroism spectroscopy examination on the purified MalE proteins under different pHs indicated that the global
structures exhibited a sudden transition from a highly ordered conformation to a less ordered one. However, MalE
was still capable of maintaining most of its secondary structures under these extreme acidic conditions (pH1~ 2).

Finally, the Bis-ANS fluorescent probe technique was used to explore the effect of acid condition on the
hydrophobic surfaces exposing of the protein. It is found that with the decrease of the pH value, the fluorescence
intensity of the samples increased gradually, suggesting the MalE protein exposed the hydrophobic surfaces of the
molecule to bind the substrates, implying the protein performed its chaperone activity via exposing its hydrophobic
surfaces under acidic condition. MalE protein, originally found as a periplasmic maltose-binding protein of the
ATP-binding cassette transporters, whose expression in YS19, however, far exceeds the amount being needed for
transmembrane transports, is most likely a moonlighting protein for its alternative biological functions as a
chaperone protein as revealed by this study. This research provided valuable information on the life styles and
survival strategies of microorganisms that forms multicellular aggregates at specific growth stages and also
explained the protein basis adopted by YS19 symplasmata-forming cells in surviving the stress conditions.
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