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Specific ion effects in the conformational changes of microbial extracellular
polymer poly-y-glutamic acid
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Abstract: The complexation of metal ions by microbial extracellular polymers affects their morphology, fluidity and bioavailability, and thus plays a key
role in bioremediation of heavy metal contaminated soil. In this study, the conformation changes of the poly-y-glutamic acid (7y-PGA), an extracellular
polymer produced by a common soil bacterium Bacillus lichenformis, when bounded with calcium, magnesium and lead ions were studied. The results show
that pH had a significant effect on the secondary structure of y-PGA , while ionic strength (0~50 mmol-L™") had little effect on that. At a low pH, the
y-PGA structure was stabilized by two intramolecular hydrogen bonds, forming a stable a-helical structure. As the pH increased, the hydrogen bond
between the CO and the NH in the backbone was destroyed. The destroyed hydrogen bond and the increased electrostatic repulsion converted the a-helix
structure to a more random B-sheet and random coil structure. Ca** and Mg?* had no effect, while Pb** can influence on the secondary structure of y-PGA.
Dosing Pb** not only destroyed the hydrogen bond between the side chain and the backbone of y-PGA, but also destroyed the hydrogen bond between
—CO— and —NH— in its backbone. Na*, Ca** and Mg®* ions all could complex with y-PGA, however, they did not change the secondary structure
of y-PGA.
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1) 5L R ((Tourney et al., 2014; Decho et al.,
2017) JEHIEXS T AN 22 % A A W sl Ak 2 e fit 1)
SR BT MY RSN R A Y R AEEXT T 4 e
THER RS 1 B S22, i T RUE i
SNREWIZ A T KR FR A - b R T R
X TR 4R AR RS 1 R nT LS B PR A I A R B AR S
AU, I HA B T2 Py Ah SR W T e 4 B
IR R B A= A BN A 18 2 B .

M A ZF FO AT B ( Bacillus lichenformis ) J&— %
DA TS, AT AR -4 ER (v-PGA) L3R
B 2SR A T Hy 2 AT R A R
A WRG R 2R AT TR B R ZE R AT A L /N 2R
PR S DR ZF AT A A% 0 K0 2 H0 4T TR RN i 28 6L AT
I % ( Bajaj et al., 2011; Ogunleye et al., 2015;
Sirisansaneeyakul et al., 2017).y-PGA%> ¥ B0 HE H
TR WS T45 5. y-PCAR HAE 7K b 3
FBREE 4 TS AE R T BT RRER A 5T 7 L (Xu
et al., 2015; Sakamoto et al., 2016).

y-PGAS & 8 B 7 1 45 & R i 7t Mclean
4 (1990a; 1992b) B 5T, WF 5T 45 & B Cu™ ALY,
Cr™" il Fe' A5 {2 #Ey-PCAZLEE M AE T, 1) Na™ Mg™ |
Ca® Mn™ Al Ni* HIANBE, A WAFREEE T5
y-PGARIZE G VEREZ 2 y-PCGA H B X 8 T 1 ¥ ALk
JRRZI. Yao 55 (2007) ZEAE pH Ky 3~6 B, y-PGA
W R 4@ Ot Cu® N BB pH 3
B B 0 (Cr') >0(Cu®) > Q(Ni*").He
£5(2000) F) FH 3 96k 42 2 5 — e BL i AR 8 21 A8 S i
(ATR-FTIR) 5% Ty-PGA5 U( VD) BAHBEAEH A
RHTEARFZAE T JRA Wi AU 1) 22 4k 7T RE 52 ) 5% 5%
F) 2% T E RE AT R85 Ak BT, R R BE 2S5 &
GBI, T S 8y-PCGA S U(VI) fEA A & 44
TEEGTERER 2 F.y-PCA A B R T8 A o-12
ezt B4 & A IS L A1 3 B (He et al., 2000).
SRMX Al B T BA B+ B S APk BT (8 5 R
PE) Fly-PCA H & 7 T B AR AL X y-PCA WK [} 4 )&
BT AR, R TEy-PCAS &8 B T 2 [ 1Y
AHEAE B PR A ST

Kok Pb™ & — P E B A F B4R I Hagis
AR AT y-PGA 2R & MR UL B — A 42 )& FH 2 1
Ca™ Fll Mg™ Xty-PGATCZLBEVE . IR L, ARBF5E 0 H
BRI R — 3% (CD) 353 y-PCALE S &R E
F P G I R S5 AR, O 5 W0 A S
T Ca® Hl Mg™ LA, [RIB 25 Zeta HLEA IR B 2T

HMCIESF A RN y-PCA S 4 Jm B 1 A ELAE
FHIF 2 e LI, DUIEN B YA R & )
X4 A B T I RS AR A A 7 A A0 T S I R
=%

2 ## 57 % (Materials and methods)

2.1 7y-PGAW 4L

ARSEG BT G y-PCAISE [ T 47 3 S A4 M AR
ABRAF], A ZFHIAT TR (B, licheniformis ) ATCC
9945A KA B4 T I y-PGA (5% w/w ) B
A S TR RN 10 kDa 52Tk B0 8 U8 5 1) 24k 5
(Millipore 22 1), &) #e4i, #EMA 5 ~ 6 fFIRFK
BT RFRE, R e AR B 2= /0 10 Wk, LA 5BR
BT HRUNG T4 5. W6 J5 % 35 A5 1 y-PGA ¥ 45 T H
0.22 pm FE/KVE PTFE i3 98 5 i O VR 1. 4R 15 11
y-PCA MR GRAEAE T M .
2.2 y-PGAWEAE

y-PGARE & K fif 5, 8 i M 2 3% 4 M ik
(TLC) #fA K i i R &, R e AL
00 5 K A 2R % i (Wang et al., 2017).
y-PGATK I 1) 4 T 2 fo ) P B 5 55 1 1A
i AL (1CP-MS, 7700X, Agilent Inc., 26 ) 43 #7.
y-PGA Y 4 &t {ff JH BiC i Waters Ultrahydrogel ™
Linear F 17 22 47 4646 00 25 14 B i 12 35 (3% (LC-
20A , Shimadzu, HAS ) I 52 . SR 2 95 155 (0 3 52 06 45 1
KT BIAE R 0.01 mol « L™ A7 A5 IR -7 68 1R 4 2% i ik
(pH 5.0) , 74 0.5 mL-min", #1035 °C , #FFEIK
BUN 10.0 pL, B A7HF AR 30 min. A 520 F0H) —
%% PEO Fr#E & ( American Polymer Standards Co. ,
M S 83600 ~1001000) #1743 F AR E .
2.3 [EZ#(CD) MR

CD 3¢ % K F Chirascan Jt i 1% ( Applied
Photophysics Co., JeE) ffiH 1 em A I AL, 2R
K H 190 ~ 260 nm. y-PGA ¥ W (14 1k BE K 10
mg- L™ f# 3 HCI A1 NaOH 375 pH. i1 T NaCl
Z3XF CD G5 A= s ma, i fd F Nak i85 15 W 28 1
SEFE. CD 6% A H # fF CDNN 2.1 ( GeraldBshm,
Martin-Luther-UniversititHalle-Wittenberg , 2 [ ) #£ 17
3T, LLER 15 y-PCGA 4 &5 F H o-18 e B-HT & |
B-5% F R HLLR A 1 5
24 REWERHE

AR B2 1 92 T A5 R0 M IX 0 T T P i S RN 4G
BB T & & (d Abzac et al., 2010; Yin et al.,
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2013) WK T y-PGA/Ph> 454 1Hd FH 797VA
Computrace ( Metrohm , ity ) A5 335 74 0 &, T4 B A
NS R R, 2 R Ag/AgCl, X HLIR
Pt GRS HIN T3 1.

R1 RRREESH

Table 1 ~ Voltammetric parameters used for polarographic measurements
Z¥ e
B 243 Wik v
TAERM AT oK HL B
A 8 mV-s!
EEREN YR 4 mV
AR iR 0.5s
ik o i 10 mV
Jok et ) 40 ms
EEEC WA SRIEN -0.6 ~ -0.2V

FHFAR AR 33 76 00 2 A W& A 10 mg - L
y-PGAFI 10 mmol - L™" NaNO, 37 F:5 ¥ fiff i 145 ¥ A4 49
TRIRFUA 20 mL, S P O 3 A S ) NaOH
ol HNO, ¥ WO 5 2= T35 19 pH, W6 ok 25 C.
FEIE AR 5 min J5 X R y-PCA W #1725 H
i, 2 S5 B E M 25 8 50 pl 7.7 mmol - L™
Pb(NO,), 3 ¥ 37 pH, il A K 5 min J5 U .
y-PGA/Pb* 454 i nl il o i 5 4R 3K A%.

2.5 Zeta B E

Zeta HL# R 35 E Nano Brook Omni £2 £ J5 ki
JE Ko 5 RABE Zeta UL AFBTAL AT 0 T 4R15 2 45
B, Zeta HLHWI 52 I y-PCATIMRE A 1 - L7,
BE N 10 mmol - L™ NaCl, &AL 55 8 & AL 86 19
WP 5y-PCAR & IR A5 A BT LU 9l 1:2( T
y-PGA 54 J& & W AE FH B A o B 1 i R 5,
PIHfy-PCARY = IH—1k A y-PCAR Z FR L5 4 ot 1Y
o, — M EREE It E—REL) .pH H HCL Al
NaOH #8755, i AHT i 4 0.45 wm SE7K £ PTFE
3o B A8 v A I IR B R 25 °C, BRI RE S
SEAFRGIN 3 W, BRI A 10 Uk, e 5 S8
Zeta WL TS A TIPAL | B DR IE A 1.

2.6 M E L4 K iE (FTIR) 2047

y-PGA [ y-PGA/CaCl, Flly-PGA/MgCl, 1y 1 i R
B, BRI 4 R 5 (ATR) FTIR #4740 87. 0 T
TELLAM G AR R 115 5, y-PGA B B 2H 40
mmol - L' ¥ E MR 45 #4 BT, CaCl, 5%, MgCl, ¥k & 4
20 .40 F1 80 mmol - L™ . I pH H 0.1 mol - L' NaOH
VT E 6.5, ¥ 28 5 RT-DLaTG ( Bruker 2\ &), &

), EiE{ A Tensor 11 FTIR ( Bruker 2 ), 8 H ) |
fit oK P % 08 4 B 5 (ATR) B 4 ( PIKE
Technologies , 5 [E ) Ml & 1 mL WARKE 5, RAE I EL
LR R 4000~400 em™ LA 4 em™ SAHERIELT 16 K
FAHE A I DA ' 3 Hh e 2 25 B K I D65 R A
A ATR-FTIR S,

1€ pH 5.0 [y-PGAVA (1 mmol - L' & R4S
FEATE) P 1 mmol - L™" PhC, J& iV HH BRUTTE
FHOIVEWI 0.45 wm AOUERE 8T 25 B8 oK BRIk
DIEBRRE R E 1, R TR H3ES FTIR 2 KBr ¥
RIBGHEATIE. R T AL, ] 0.1 mol - L™ HCI 5§,
NaOH ¥ 75 y-PGAE T (10 mmol - L™ 75 2 R 45 #4) H.
JC) & pH3.0.5.0 A1 7.0, % T I 247 FTIR I3k, fF
BHERES Y AE Tensor 1T FTIR 1Y % ( Bruker 2~ #], P
) k.

3 ZRI1FL (Results and discussion)

3.1 y-PGAKAE

it TLC 23 Hrifiily-PCAK IR T R S AR
M, b (5 3k AR 4 2 8 & & (7.00 +£0.21)
mmol-g_l.’y—PGA PR FESEE N Na, T8N
(24.41+0.27) mg-g ', (5 2.44%. 55 5 E A i Mg
K, S 820914 (0.23+£0.001) mg-g ™ F1(0.78+
0.02) mg-g” . HALEE T, 04 Pb.Cu Ni Cd,
Cr Al Zn il Ba, 7Ey-PGA H AP I H3 5l AT 200 AN
71(<0.02 mg-¢™) FETFHARMNE R E F & & 45
B, y-PGA K 5 32 F DL y-PGA R ( y-PGA-H, 5.94
mmol - g™ ) B X AE7E, — /N 4 y-PGA L 44 46
(y-PGA-Na, 1.06 mmol-g™") JE R FETE.y-PGA Y 4l
FEIE K 93% , 53T (M, )} 2.59%10° g-moL.™".
3.2 pH A0 B F 58 aty-PGA = R4y th % v

1 BRBEATE pH(0 mmol - L™ NaF ) FIAS
[ 2 73R B (pH 5.0) 2514 SR CD 35 1K 1 #1)
FH CD JGigaF CDNN 2.1 3875 By-PGA 2 4514
H o-82TE B-HT B B- FA RN TC AL AT 1 5 15 0 dn 14
2 FiR.y-PGAR) pK, N 4.86( Wang et al., 2017) , &
2a FIYIEE UL T pH Xty-PGAHy-PGA-H 41437
A, B pH 24 3.0 B, y-PGA £ 2 Ly-PGA-H
TEAEAE, 2 pH M 3.0 B4/ 7.0 B, y-PGA-H HL
BIEMIE Fy-PGA JE B pH M 3.0 - F+ 5|
6.7,y-PCA A Y -2 & e F I, HHELF
R i35t y-PGA-H &tk pH LI T B R 3H—
H A, y-PCA R Z5 0 th 1Y) B-5% fA & B MG LT
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e - B ML S5t & & B 5 pH M, B Z5Hsgm Ak,
THRETE 0~ 50 mmol - L™ AR P4 X y-PGA ) — 4%
15 b. —o— 0 mmol-L™!
—o— 1 mmol-L!
10 —&— 10 mmol-L™!
T T —v— 50 mmol-L™!
=} (=]
g £
s B
Dl o 5
g =
e °
2o 50
% % O - AR
= =5 SSTPMHHINEENY
S5 S|
=Sk
-10 YV} I ST N N NN N SR
190 200 210 220 230 240 250 260 190 200 210 220 230 240 250 260
P K/mm FH/nm
B 1 7A[E pHEAT 10 mg- L™ y-PGA (0 mmol - L' NaF) B CD i (a)#1 pH 4 5.0 AR B F3EE (0.1.10.50 mmol - L' NaF) T 10
mg-L™! y-PGAHJ CD i (b)
Fig.1 Typical CD spectroscopy of 10 mg+L™'y-PGA at different pH values (0 mmol-L™' NaF) (a) and typical CD spectroscopy of 10 mg+L™1y-PGA

at different ionic strength values (pH 5.0) (b)

2% a. —o— 0 mmol-L™!
i\o —o— 1 mmol-L™!
i v:e\g\ﬁ —A— 10 mmol-L™!
18% L 100% N\ \5\ —v— 50 mmol-L™!
B 80% \f\ \B
c A
% M5 60% \\ \O
, PGAH
149% |340% COOH ?N\ \O\g
20%["_¢NH—CH-CH;—CHrO)y Y\ \O\\:
- L 1 I \8
73 4 3H 6 7 B
10% Lo 1 4 1 4 1 T T TR
25 30 35 40 45 50 55 60 65 7.0
pH
20% %©) —o— 0 mmol-L™!
i —o— 1 mmol-L™!
19% 1 g — —2— 10 mmol-L™!
r 6\5\ —v— 50 mmol-L"!
§ 18% [ E\B\B\
L I
& 17% F \kégﬁég
16% -
lsplet v v v 0 1
25 30 35 40 45 50 55 60 65 70
pH

sl

¥
Q

M

- —v— 50 1-L7!
E ol mmol /i/u
N | / /:‘/

R 39%_- /{%ﬁ/a

30% - b.  —o—0mmol-L!
B —o— 1 mmol-L™
29% -
°L —2—10 mmol-L™! o— /u/——g
28% [~ —v— 50 mmol-L! &/:/O/n
B v o
27% v? S
L v/ o
o, Lo
el Ve V:A/:/g
25% I A/ZéA/D/
N 9¢9’~5
24% -
23%_.|.|.|.|.|.|.|.|.|
25 30 35 40 45 50 55 60 65 7.0
pH
45% 4. —o— 0 mmol-L™!
i —o— 1 mmol-L!
43% 1 —2— 10 mmol-L™! 4
v"‘o/n/

37%|-
e —a
- c/
35% L 140wy oy
25 30 35 40 45 50 55 60 65 7.0
pH

B2 pHFEFEE(0.1.10.50 mmol-L™" NaF)Xf 10 mg-L™'y-PGAR] a-#21E (a) B-3FE(b) B-HH () MEMER () EHBZMN

((a) Y IE Hgy-PCAHy-PCGA-H 414> bl pH 19724k)

Fig.2 Effects of pH and ionic strength (0, 1, 10, 50 mmol-L™' NaF) on the a-helix (a), B-sheet (b), B-turn (¢) and random coil (d) structures

of 10 mg-L™'y-PGA(the inset in (a) represents the effect of pH on the y-PGA-H fraction)

y-PGA 1) Z 9 45 ¥ %2 43 + W AE I 0 19 52
(Wang et al., 2017) . FEFRE ST, y-PGA 45 14 38
oy N AR E. TN AR PR, — R TR
y-PGAS T B 2211 CO FI NH Z[8], 55 —Fh e Ml 6

R ILAE SR NH 22 (8] ( Zanuy et al., 1998) . FHiEH
R FE B LSS i 4> CO MBEMIEASE i+3 4~
NH Z[HJE LAY 19 J0 38 S0 fcfe e 1A 2. i
RS 2R NH 22 [ B4 0 2 2 e W2 e A
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Xt e MR JE R ( Zanuy et al., 1998).

y-PGAS TR pH 4514 R Hg T 1
TR Z . 5, y-PCASS T4 FIR L T
F T A B CRFF O 5 RN S8 2 ) ) s R Bl
A pH _ETh ASWT I 4 G i R B R A A T
SR A FLHE SR 7 (1) SN TC R ) S5 A AR T
F1 BB (AFM) BUR B, (T 1 9 SV M 24
BRI n FR T A5 1 N 0 y-PGA-H HFRRAE Ky
Bk 25 4 R B 19 y-PGA-Na ( Wang et al., 2017).
A 5T 3 USRI LAY 25 2 . Agresti 55 (2008)
LS ENFS U pH M 7.2 FEARE] 3.0 B, y-PCA R A 7R
MTCHRLR AR Ry o-BRTE 5 Hb A ZE AT 1 17 y-PGA TE
ik pH T IR TEM RIS pH B B4 & iy
5 5 (He et al., 2000).5 pH %fy-PGAKY RIfY
WEEW AR E0.1.10 .50 mmol - L' NaF &4 F,
B TR X y-PCA R B LT3 A 5 . 3X 1] BE A& i
F5R 3 F N A EBEHAT T 80 2 T B y-PCA M &% 42
B AR T
3.3 Ca™ Mg>#1 Pb> xty-PCGA = R 45 H th & v

Kl 3 R AH TR B Y Ca® \Mg™ Fl Ph™ 7EAN[H] pH

25%r a.

—o— B MET
I —O—CaCl,
20% —&— MgCl,
—v— PbCl,
B
5% 15% |-
s |
10% L
S% L 10 1wy 1Ty |
25 30 35 40 45 50 55 60 65 70
pH
0 — —_
0% e —o— BT
3 —o—CaCl,
25% |- ——MgCl,
i —v—PbCl,
%20%_
& | m
15% L
0% v v 0 0 0 v 1y

25 30 35 4.0 45
pH

Ll
= 30% |

& L M
25% |-

P v % A

50 55 60 65 70

AR X y-PCA R L5 K (5%, Ca™ Mg™ 1 Ph**
WL 5y-PCAR Z R A5 FRIT I Fe 3428 1:2. 40 &
FIi7R, Ca™ 1 Mg™ F i AN y-PGA —- 2 554 I TC 52
Wi, T Ph2* B A X5 y-PGA R &5 77 A2 T i 3%
SN AERNINA M B0, pH 4 3.0 Bfy-PCGARY —
FLERY ) 20.1%a-1205E 24.9%B-T1 % . 18.8%B-5:
H136.3% oML A . BEE pH BN ZE 6.7, a1 iE
M 20.1% 38705 11.7% , 8- B FI TG AR £k 141 43 1) DA
24.9% 1 36.3%3 /%] 28.8% F 42.6% , B-5% fA 1 &
I 18.8% M T FEE] 16.9%. A Pb* J5 , pH Ny
3.0 Bfy-PGA ) ZHZ5 4t 17.0% o- 12 i€ L 26.5%
B-IE 18.6%B-%% f H 37.9% JC ML £k A 41 1. Bl %
pH ¥4I % 6.7, -2 WE M & Ik > 2 5.2% ,B- T &
FTCHL S AT Y 3 12 43 5 38 i 22 35.2% F1 44.0%,
B-55 £ 1) F 5 M 18.8% W T [ E] 15.5%. P 1N
A AU fiy-PGA R A5 TE pH U520 T A5 {E BT
2 1Sy -PCAM) S5 28 AL AE 3K pH i
Bk F], BIYE pH 25°0y-PGARY pK,(4.86) I, y-PGA
e TRy Y A N TR S YreR

W% b o fpET

—Oo—CaCl,
—&—MgCl,
—v—PbCl,

35%

20% PN NN N TN N TN NN TN NN S ST SN NS |
S5 30 35 40 45 50 55 60 65 70
pH

[}

50% [ d. —— BMET
- —o— CaCl,
—a— MgCl,

y

30% b 10 11y 1y
25 30 35 40 45 50 55 60 65 70
pH

45% I

35%

B3 FREZHBEF(Ca™ Mg Fl Pb*) 3 10 mg- L™ y-PGAH a-82HE (a) B-HTE (b) B- A (c) XML HE (d) EHRIRN (B TR
7 10 mmol -L™" NaF, Ca** Mg>* il Pb?* ¥} 5y-PCAAT & FRLS H AT AU EE R LLBIEA A 1:2)
Fig.3 Effect of different divalent ion (Ca**, Mg®* and Pb**) on the a-helix (a), B-sheet (b), B-turn (¢) and random coil (d) structures of 10

mg-L™" y-PGA (All experiments were conducted with 10 mg-L™'y-PGA in 10 mmol-L™" NaF; The values of Ca** ; glutamate, Mg?* ; glutamate

and Pb?* ; glutamate molar ratios were the same, 1:2)

FH B 7 X y-PGA S5 K4 Y 52 Wi ok T 85 1 f9 1

J, 0 RS e A R K RE D MR B A
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(Bostrom et al., 2001).7E Ca™ Mg* Fil Pb™ X 3 Ff
Brh, A P HA S y-PCA — R F Y BE
MFE 2 AT UE xR 22 5 T RES LA R IR IA G
H G PhT A B A G AR S| COO™ e ( Siao
et al., 2009) ; H.k Pb* H S AR TR K,
Hie 521 H,0 BLAz, i 325 [ BH AN, 33X Ff
BORHYKE BT T RE 2SR B 28 h CO Al NH Z 1]
Y SR

®2 Pb.CafIMg WAL BFRET. GABTFEEME—KE

BHIKSFH
Table 2 Electronegativity values, ion charge, effective ionic radii and

coordination H, O number in first hydration shell of the Pb, Ca

and Mg
r A p =
— . B  ANET H—KEE
JCE i ST el
CER G H42 /pmt KT
R 7 ~ 10 ( Bhattacharjee
Pb 1.80 2 129 et al. 2009)
Ca 1.00 2" 100 6 (Carl et al., 2007)
Vg 131 . 67 6 ( Adrian-Scotto et al.,

2005)
1. Speight J G, 2005. Lange’s handbook of chemistry[ M], 16
ed, McGraw-Hill, New York, NY.

—o— y-PGA
—o— y-PGA+Ca*"
—a— -PGA+Mg?

B4 y-PGA.y-PGA/Ca*  y-PGA/Mg** (1 g-L 'y-PGA,Ca®*
H Mg VR EE 5 y-PGA 73 52 ¥ 435 1) B 70 (9 B8 UK HL 431 14 K
1:2)H) Zeta BE:

Fig.4 Zeta potentials of y-PGA y-PGA/Ca®* and y-PGA/Mg**
(1 g-L7" y-PGA, the values of Ca®";glutamate and Mg?*

glutamate molar ratios were the same, 1:2)

Mclean ZEF 58 T y-PGA 5 Ca®™ Mg™ HU45 G 45
P (Mclean et al., 1990).pH N 5.2 Bf, 24 Ca™ &}
Mg™ 5B RMEH HIT Bl 1:2 B, Ca™ 5L Mg™
BENS(ly-PCAMY FFHfL AN, Ca™ B Mg™ B9 45 & B AR,
I E A2 2.0 mmol - g~ (y-PGATH) .- 4 Finhy
y-PGA .y-PGA/Ca™ | y-PGA/Mg™ ( Ca™ Fll Mg™* ¥k &

Hy-PCAB ARG FLICH EL B34 R 1:2) [ Zeta
HL3CTE pH 3.0 B, i Ty-PGAKHL B, Zeta HL 3
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Fig.5 Effects of Pb>* concentrations on the a-helix (a), B-sheet (b), B-turn (¢) and random coil (d) structures of complexed Pb?* with y-PGA

( All experiments were conducted with 10 mg-L™'y-PGA in 10 mmol+L™' NaF. The values of Pb?* ; glutamate molar ratios were 1:4, 1:2 and

1:1, respectively)
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Fig.6 The amount of complexed Ph?* with y-PGA at different Ph>*
concentrations (10 mg-L™'y-PGA, 10 mmol - L ™! NaCl, the

values of Pb>*; glutamate molar ratios were 1:4, 1:2 and

1:1, respectively)
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