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Microbe-mineral Interaction pitaXy/ImEEER=RY::

Shewanella putrefaciens CN32 X3 #f 1 M & SR R A 220
TRm, ¥R, BME, HENL
o L A ST (), AR T 5 PR M T R A SR s, i R 430074

FE. [ B ] B AN i) Shewanella putrefaciens CN32 X -3 rb i WKL -1 Wy i 2 2
NH, B HOECR B ma Ll . [ 5 ] AR NHS OS24 . 154 . 2R Z AR B x4, @
1F WS S. putrefaciens CN32 /£ T A [FIRG TR 1Y NH, 5 S ik #8, Dh R WS DN 2k ik SORE ke i) B &b
%49 (Extracellular Polymeric Substances, EPS)f# & &84k, 5% S. putrefaciens CN32 1E I~ A4 1
WYIERIMES NHS B2 50 [ 4550 ] K L W B S NH S5 B R R 52 A > 1% 47>
PEIRZT Y >R AR R B NH R, SEIREDER T2 2R, CN32 fEH TR+
B A NH X BRI S A ST SR 20 W>18 45 SR, R4 CN32 A &UE it TR L& &
NH B, (BN NH, IR RAE SR R B, T2 2 W R AW s v AE o A= A ILAU(EPS
F) IR R, FURE X EPS (WM RE 11 RN S IR A ST SARE Y>> B by TR
B NH," & EPS #8554 o (5 3L (S5 A /K B2 (BIK) S R B D), HEI EPS X W 5L 1) 55 S W e mT
AEfZE CN32 fE ik NHS B E RN Z —, [ 45t ] D B85 RI, 77 EPS fl/E# S. putrefaciens CN32
REAZ A HE A SR 0 W B S NH R, (ERSOY NH, T DUE S E I R AL A LA, I AE
A N PO N O iy e o S e /A 55 O PN Ao 7/ R Y 30 e S 2. R NN = e = 0
Tt BT AR R ) T EEAEN, W TIRA R G T AN [FIZE A LI OB 12U [R]) okt 1 i A
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(FAOSTAT, www.fao.org), 4t FALIER(FE K
NH, L EE) s [ 1961 4F 11.6x10° t 2 i Y
K #2014 4E (1) 137.9x10° t J5 A #a T F-44 , 1Mt fi]
o [ T 0.5%10° t 9943 T 30.9x10°t, H.
] Y- 2 g Bt RO ) o et SR 2K
) 3 FELA L, RN X it it in () 2088 1
RILEMET 40%0, Kk, SRS RO X & 5
AR EE, (HE B RIR S 80T KRR E WK .
TS DN LB G NE e L ) D it R EE g 5 N
NS IRV SN =S AV S SNITTY25: B &=
15 YL e s e — 1

F9 b, KM A ENE AT YRR
WRKIGM T AT, B FEIRER
B FL(NHO)EUE, DRy =398 b () B0k 41 /N (<2 pm)
(RS 4 ) A I R R AT (R AR 5 ) A
BH 25 28 o /) 2 B 46 s 1 B 2 ) LA R OR 1
PR, AT L W B 25 7 A RO e NH,
AL . i, 7ERBE IR S NH, JE
FNERE ST, AT NH, LUK 4 B 35 A
B E P /A R ERTEHE S
TFIE R, BT 5 3T W [ 10-90 mg(KLRb 1)
 60-460 mg(hlJE 1) NH,", AT (it A NH, "R
NERY 30%; FRAIFRZE 1 4(0-30 cm)H 4k +BE
fi% [ 5 350-3800 kg i NH,*-N(£ /5 45 MUA & it
2%-25%), TMiX— e BI7eRs t& e, kiR
R 2 L B (2 A R 14%-85%)F)
P, A E RS NHL 2 A RS shid gl i — A B
RAFHEE, HRHGE R R e T+
PERMROR, W5 AR R R 8 oK A5 e %
PIFHSE, BHUL T ks -0 PG & NH, PR
FERHLIR S E

Ki LHEES NH B & IR E— R, Hi

EPESZ G 10 2 o 25 S A K R IR R 5
Wi A o ol B S N G 355 W B KG - 4h
Femm . DN TR R 2:1 BUA 2] NH,', Hip
PRI A T A B PR E S NH,', AT ) 38
it AW ECAR A A E R MORS - R R ok i
FRZAE 2:1 B )2 A ) NH, TR R 2 2
NH,", B2 NH,"(1.43 A)Ay s 242 5 K'(1.33 A)
FHIE,  TE G WA DU T AR S5 T U TR B 7 3 fL
TRAN, il 2:1 BUg- 2 s, 2R N2
1nm, SECNH,* P b i e L 1 BH B 7 52 e f
B oRE FEAR RS £, NH," 35 S A W
Ji AAEAETE A AT BEARIR], B AN e = J2 (8] 45 44 1)
A DK NH, R P 3R 2 R A
B 5 AT A2 48t o g ) 5 A [T 2 NH, " BB T
FlgEaAE, HIESER X NHL 0B =X A ] 5
BAEHN R T B NH, 8O 5) L B2
AR, T, SRS - PSS NH,
B R 2N R FEaE KE R HEm
JROT AR R AR R A ke
A S S R B A S NH, TR BH S A8 d
MY HOIHR, W FHES NH AR KTAT L
5 NH, % A 50 0 W B, 85 o 5 e A T
ARG R T PH S AR BE T ARG AN 7% NH, I
B 45 Dy — S PR 3R Ul ok 52 T Al b 40 42
FEAE AR % NH, B RFRE 7, Ak A H
TR KT R Y R Jir P S BORS B H M i DA T
AT NH," B % B 0,

SRS B, R EEZRZAN, HIEMAEY
SRR A NH, R R — AR 2R
W/ D E A AR T e I B R L
K, A AR NH, ™, Beas ks i 0 iR B
KAl NHL B (e A rE T) 55 O =52 ikt - f

http://journals.im.ac.cn/actamicrocn



1194

Xiaotian Ma et al. | Acta Microbiologica Sinica, 2020, 60(6)

FAS NH Bk E, I i R e, 3
o, BCAE W o or WA PLIR B A R A W
(extracellular polymeric substances, EPS)/A{YA]LL
5 B 240 e AR R BT R A HLARTC LS, Al
SRt E IR T, LR A A A S R g R e
Vi) S A, T B AN TR S 0 YRR B e A
-0 WSS A, TR BOAR XS B P R G ER 58,
P KA RO R, ASBIF S BB L R
ZRERMER T Y), dsiEa . A, 5
RIZ0 Y SR tE, DU —Fh 3w WARE 4
W EPS HIINRERA Y (W A FLEG T Shewanella
putrefaciens CN32)BFFERTSR, 4 HriX L8k + 1k
Bt NH, B RE 1 DA K AE CN32 VEA R e &
A NH B, SI0ZMAY) SR 0 A BAE
PR RE o DU AT LG i AR 40052 3045 332 A E W
SE RGP A NH, RS FE AL

1 AR

1.1 IR NH, RS 4

ARSI S A . SIRZY) . R A N
BB R YRR, RO e 1
HH DL TR R R 2 RO R SR
(NAU2) FI SR 20 ) (1SCz) W 3K T 36 [ Kk 44
Yy2g2x (http://www.clays.org/) , % 17 (fa] #% Ver) & 22
ZRE(EFR Bt)R A TR EB s X R K . DL RS
T W et L, 124 HCTF 0.5 mol/L NaCl
VR, R G e B ke 2 X ok R AR /N
2 um LSy s SR XHZ R AR 4L o I K 2 IR Tk
BEZZ 4 NaCl Ja Tl et NH, 1A o A
[F] (Rl IR B NHL 9y =X AT BB A ZEAR K 25 57 (FT
S ES NH,Y), HdR2mbE S NH,
FUEMER RARN R, L5 NH, ™0 BFF A RS - st
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FFAR X5 NH, BEEEIRAS o WEBH NH, RS i 25 0
PR 1 mol/L i NH,CI Bt & A% 50 g/L Bk
TR, BEFE 2 h FE BT, BRI
1 mol/L NH,CI, anitbfes 3k, Hwfa e O
+, JK¥E 6 IEBRZ 4K NH,CI, BT IR
1.2 BBREESR KO

A YRS B Ve R T R O RS Ay IO IR T
Shewanella putrefaciens CN32(PA T &% CN32), 43
B AT RTEEFN Morrison HiJZTF R T 2
FEah, JE—HR)T 2 R B R R . B CN32
EFFIEIR(-80 °C & T AffE T 400 H il )5 5%
F LB K537 35(10 o/L HE M4, 5 o/L BEERF;, 10 g/L
NaCl)# 42 75 24 h (30 °C, 150 r/min). 2 J5 , B 1 mL
e 2 ey 100 mL KI5 A9 LB 553, 78
PEIR B3GR 16 h, AR TXEINE, &0
W AETAA, B FHBRIER S AN 2% 1 (2.5 g/L NaHCO3,
0.1 g/L KCI)J&E 34, FIHIY BER HHH 0L
P BT (Leica DM5000B, Germany) FULEZHf:
TR PrAHERD . T S M B R AR S e v T AR
A58 Mo
1.3 SUAEYIER TR NH, BRG +

ARSI E 5 ARG, 530 LA PR g
NH, ik + (732 8 NH " -NAu2 . NH,*-1SCz .
NH,"-Ver F1 NH,™-Bt, i -k B2 340 5 o/ L) F ik
A NH,CI( B2 47 0.5 mmol/L) M — &5 , 15355
HAth 434245 0.1 g/L NaCl. 0.05 g/L KH,PO,.
0.05 g/L MgCl,-6H,0 . 0.02 g/L CaCl,-2H,0 .
2 mL/L i & BT R I . 1 mL/L ZEf A ik LA
e 1 gL lactate-Na; HoH il i 4 J& 0 R 3 W 10 4 T+
BEWE 34935 . NTA 1.5 g, MgSO, 3 g, MnSO,-H,0
0.59g, NaCl 1 g, FeSO,7H,0 0.1 g, CaCl,-2H,0
0.1g, CoCl,-6H,0 0.1 g, ZnCl, 0.13 g, CuSO,-5H,0
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0.01 g, HsBO; 0.01 g, NaMoO, 0.025 g,
NiCl,-6H,0 0.025 g, Na,WO,-2H,0 0.025 g; it
AR BB 2H 436945 (LY < biotin 2 mg, folic acid
2 mg, pyridoxine HCI 10 mg, riboflavin 5 mg,
thiamine 5 mg, nicotinic acid 5 mg, B-12 0.1 mg,
p-aminobenzoic acid 5 mg, thioctic acid 5 mg; ¥
BE SR BLFNAR N RS IR A 5 SR KT, Z 55390
e SRV B B R ISR BB i T U (CNB2 vk iy
1x10° cell/mL), [ H 35 7 AN HRh BRTR A 25 1 5% 1R
DL R FRBOE P AT BRA
14 KL PIMES N 2K

Ki T WIREE S N TERUCE Y E TS5 [F] T
FRFE) NHS", ZERA: DA e i A 55 mT RE IR R A A
Bl NCHAEY i & EPS). #h LA PTG & N &5
AR L TCER A3 TSI A2 = 7 38 BB R ] W
5 mbL RS I, B0 RBR B ROT 8 K
BEBIK), 1R L IIRER RIL T, HIBRE TR 4
Hr{L (Elementar Unicube, Germany)illli{J{ & C. N
olEar e
15 BHE| LT NH, B P R

Rl BB E W R NH,T 43 6 0% BE A D
P AR 10 2 IRBUGIR AR 1(85 g/l
sodium salicylate #1 0.6 g/L sodium nitroprusside)#l
¥ 2(0.3 mol/L NaOH ##7#), H( 0.6 mL F& b
A 0.3mL R EEH, IREWSEmAES A
0.12 mL A9 0.1% sodium dichloroisocyanurate, %
19515 0% 30 min, T 660 nm KT I EFE S
(WO B O G NH,T B 7 1R B (5
UV1750).
1.6 HEBEE (total protein) Bl

HT TR L8 88 HI0ME DX (ol A 1 v A

AT THEL, PRI e I AR R O R
W B A 4 O B A AR Ak o IR T I SR e 1
Bradford 3:1°'; Bt 0.9 mL &5 1+ i, A 0.1 mL
() 0.2 mol/L NaOH ¥k, #&21)5 7k 10 min, ¥
H1J5 #5.05(10000xg, 10 min), HX |34 0.8 mL i
A#| 0.2 mL () Bradford reagent #1 )2 J3; 5 min, T
595 nm I 4T DN A o 14 W2 s 8 A s s v P A
HE O,

1.7 EPS WRBSNE

T WESE EPS X B A NH BEBCRISEm , R

i Tallon $2HGEPY: K 3 mL K+ EihigfE 4 °C
T E.0>(15000%g, 15 min), F W, TTE A 3 mL
1 mol/L NaCl $E¥# /5 FH-KE (4 °C T 15000%g,
15 min), 3 FiEW#; mASRIMTEEF A 3 mL
50 mmol/L EDTA J57E 4 °C TH& 4 h, JhalfE—
SERT MRS, JF7E 4 °C F &.0>(6000xg,
30 min); fREA FIEW, JFm BIEw AR A

FUED 6 mL)AYA 2B, 4 °C FIFE &G RiEE
H EPS UL EPS .03 13 , W5 H 3 mL
IR ff . X EPS WA B oKL B9
FIEE 15 éﬂ“*ﬁ%ﬁﬁ?ﬁ%@ﬁ/ﬁ@ﬁ%“”%ﬂ Bradford
PPN T BT . R R R BB v R

AR 1 (BSA, Sigma-Aldrich) .,

1.8 [EEREMAERIINEEST(FTIR)
UER/EE e SN G =7/ (R R S PO e el e
I FH AR B AR 4 2T S GRS 43 AT (FTIR) 3 BT Al +
Y as ke S LT e AR Ak . 0.5 mL K I IR
i, BLOE R BV, IR JCROK R 3
/\i’ri::'ﬁ: ARIET S, B2 mg ByAFE 5 200 mg
KBr Vi 78 b , e R e BALI . 4 e
L1 4h 400-4000 cm™, AU 50 WK,
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2 ZRFW

2.1 KEiEMERSNHS WEE

i 3 0 2 A3 H I R W B N, Ji R B0Rs 87 8
N SR, SCIG R UK, -5 Y1 RE i
M —E i NH, . o, SEEA NAu2 X NH,'
IR B ey, HLUE iR Ver FIHSHIRIZ0 Y
ISCz, 1M S 2B Bt X NH, ™4 W B e 5 Ik 483 T
M 5 g/l Wb NH, Bk 5 9 T ik 915
WA ARSI, KRR A S NH, 185
1} 0.49-3.32 mmol/L(5E 1).

JT 6 ARG =40 NH, " f I B 1 5 o 2
a5 BB G . W RS A T ) £ H faf—
ks %, WA NHS B %, H %% NH,'
W B ) F2 B ARl BE 22 SR WA R LA 2
FEDUTE A b, TSR A 228 Uk R T /N T T
R 2 b, HE A 02 8] K 0 BH 2 1 2e H B
TR S A 22, L, 45 AN TR B NH, ()
REJIHR TS MiA, MEEA )2 B NH R
ST A . SR ZH W R A )2
ik, 20 K EFoham, HEFRimgis, 2
FOLHEARA NH, WM RE 159 T Ma . Batkh
K S, i MBH & 7 ac /e I #RARAIL,
PR I 2 < BRI B A N, /b
Fz 1 MOFHSSISAMERAIH T MIMES NH WS E

Table 1. Contents of adsorbed NH," in the selected

clay minerals

Mineral N content/ Adsorbe_d NH," in 5 g/L clay
(mg/kg) suspension/(mmol/L)

NAu2 10 3.32

NH,"-NAu2 9310

Ver 390 2.36

NH,"-Ver 7000

1SCz 390 151

NH,*-1SCz 4610

Bt 220 0.49

NH,"-Bt 1600

actamicro@im.ac.cn

2.2 CN32 ks + 9 Y& NH, et
221 HiEKEES N SEMZML: DA LHEES
NH, " hME— &I 155 S. putrefaciens CN32 J&5, i
b X F AR VR TR TS RS L e NS ik
B, CN32 #sLRefBfedbrt H MM & & NH, 1
BRI, (AR UE R SZRG 8 W 2R RI i A A (R 1)
MICH T BT, DURIRS 0 e 5 5500 )
HWIERRENS F AR MBI — AR 70 NH,", B AR X 25
o ERAR RO BB B> EIR 20 > 5E 0
A>IEA, RUFENTRM NH, FE MR 5
(BN R R B< SR 20 W<ZE WA <IEf) . MiTE
CN32 fEAMAR S, KiLHMES N HETICHEXT
MAH P FEAL, ~E TN, NAu2. 1SCz Fil Ver
BEES N BIREHCR B, R3S i 43 1) A
32%. 22%7F1 20%(REjik 432 1.06 mmol/L .
0.3 mmol/L 1 0.47 mmol/L, & 1-A-C), T Bt NH,"
W R AR D, AR A E R R 4 A s o 4
B (5 e A 16 &) (Bl 1-D). i, CN32
PR - B 2 NH, R BOR d i 3 55 R0k
SEMATSTRSEIR 20 P> 4 .

HA AR, 6 CN32 /EHTHs il
Hr, TR BRI NH, AT 8 P R i [R) fh 5 A
KA LN XA HL N 7] BB BT N 7ED P21
IS AE PV L R B S N B Rl g
T AR E S NH, "B ] BER BEFE RS 18574 1
FIAHL N, BRI, AR E RS A N i
AR AL (] 1) AT REARAL T S2BRAY CN32 {2 NH,
B . Ak, AEZEAVRS X AP A HL N
AR 253 T BEAN [] , 191140 7E 1SCz fA & b, CN32
YEFRTHI(0-5 d, &l 1-C)JCr % R AL R i Eu i A= 9
YERZAREAR N S, RUTATREA A Y E0E Y
AHL N WERNTE 1ISCz b5 AR BARR D, ik
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(A)

(B)

- Biotic treatments (with CN32); -[J Abiotic controls (without CN32)

N /clay-N;
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td
1.
N & 2R E B 1L
Figure 1.

1.0 O----0O~-«o__

09 r

08 r

N /clay-N,

12

M NH BIR R A (A). BBA(B). RREET (C)RE = (D)7 S. putrefaciens CN32 {EA T #h L Fif £

Variation of clay-sorbed N on smectite (A), vermiculite (B), smectite-illite mixlayer mineral (C) and

biotite (D) in the incubation with and without inocula of S. putrefaciens CN32 cells. The error bar represented

standard error of duplicates.

PIVERRR —BICT IR BEZL NH, & i, 3R
TXLERE IR A HL N D, s AL N AR T
CN32 i iE NH, B Bl -

222 W NH B FRWER: E350
e, R B A NHLSERUE R T RS
VRS NH, TS, AT RER AL A6 2 k& 1) NOs 3 i
N LR B 0 AR MR, AT b S 3 A
T CN32 fE bR -5 A NH, BHUG P B
A NHS & 872810 (d 2-B-E), [RIBHEIE T
CN32 DIRA NH 55 FR0 NHTHFERAT R (B
2-A). GREH], DI NH, &5 7% CN32
iF, I3 (0—4 d)iR W 9 NH, HIXF T J0 B X BZHAX
AR, H pH JLFJG30(6.74-6.92),

11T A J A el A\ A LA I 2 B NIH ™5 35
B R RIS s ARIMTAERE DB TR b NH,
FERPEE TR, RWIHAWITERFZR IR NH,",
I AT DAHEDN CN32 TR B H A A% NH, (i
B P FH AT 8 1] 402 55 T2k 0 e W s IRl AR T o
FER AR RS, NAu2 76 CN32 1R IR R
TR NH, VR EEIS = TR (K 2-B), T HA
K 8P AR VR R NH, ) SRRk
JERRZAR T 4L (8] 2-C-E). thiE CN32 /E R
fifeds NH, B2 s TR m A St N Ea = —
J& CN32 {EiE WMt ES NH BRARCR, —J
CN32 [AAEM NH, HIZR(CN32 Al A FL
B ERA NH, B/ 2-A), YHTE K TR,

http://journals.im.ac.cn/actamicrocn
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WZRIHESH NH, 5 FME4l; Rz, 24 CN32
)1k NH, "5 TSR HCECR , Sm R o NH,
WAL T R4 R, CN32 7T NAu2 Bt 4
NH, PR GE  m l . Bei e 22, ANl b3
NH," () SRR 1 CN32 [ iy NH,

PR LU IC TR AL P S Y NH, SRR, T e At
SASKE AR ZR A (Ver, 1SCz K BRI S NH, IR
BOSEFALTF CN32 MR IR, AR
H BB NH, IR TR A X — R B ESCOPRS

THES N RZEFAHEEIE, RIFE CN32 fEAF
NAU2 BRI A NH, PR AR = At —
Fbit. [, CN32 ek [Rl LM oR e 7 i
[ NH,", 30 PIME S NH SIS NH e
B2, TRETEAE IR LA NHS AW
“IRMVRENCRHE T EEAER] . A RWERE, ik
Prfe it okl E A S NHS TRBORA —E &
TR 22 N AR, BT AT AR ERS £ B 7 NH,"
(R A= R I | AT e 1 8 1 R AR PR AR 5

—@— Biotic treatments (with CN32); (O Abiotic controls (without CN32)

(A) 09

Dissolved NH,*/(mmol/L

Dissolved NH,"/(mmol/L) 3

—_

Dissolved NH,*/(mmol/L) &

& 2.
B(E)B RS NH, SRE R Tk
Figure 2.

(B) 0.14 .
S 3
2o |
go
Z 0.10
-

LF)
2z
2008
A
(D)
)
3
£
=
=
Z
o]
(¥
>
2
8 05

S. putrefaciens CN32 1 F a7 NH, (AR KM NH, ISR A(B). BBA(C). BREEETH(D). Bx

Dissolved NH," variation in the mesocosm where S. putrefaciens CN32 cells were grown with dissolved

NH," (A), NH,"-sorbed smectite (B), vermiculite (C), smectite-illite mixlayer mineral (D), and biotite (E) as the
sole N source, respectively. The error bar represented standard error of duplicates.
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23 BEASELZL

HY T SE 6 1A 72 PRl T R X A= 0 44 i
THEC 90, AR S 06 38 3 I 2 T2k P 3 1 )
AR S CN32 (AR RARDL . 455 R, DI
fEEAS NH, ME—ZEER % CN32 i, HEEA S
HIRZAL T — M EEM(-90 mg/L, &l 3-A), K
SR R SR R AR R R AR K B, R
I CN32 [F AL NH, AT 8 2 F A i — 2t
wmY, FEORMANZHE EPS,

FERE EIEFE RS, DL NH Bt IR+
AR W8 115 o SIS NH, 5555 R R AR AR
VL (Kl 3-E), KPR BRI R IIXT CN32 JH ™
A1 EPS JLT A R MERT, Hi TRAEHAR
B NH D, FEZR R b CN32 ARHE PR
. 5 Bt AN, NAu2, Ver } ISCz A&+l 42
WS 100 4 B AR T 0 AR &R B (I
3-B-D), FHIX =FH PIX; CN32 B A —Em
MR T . 7E Ver Fl ISCz A FR T, —HWIIHETZI$2
I AR 1A N ~20 mg/L, FHIRRAYEE
W B FE R - R TR ME LA SR E S O, (R By SRt
[T, Ver 1 2 rpra] SR EUREE 1 7 2 R BEH 1B
W, RADRIFREAE (90 mg/L), 1SCz i BLSEM
BB AT SRR (3G (B2 7E 40 mg/L, Ly
EZMRT ISCz MiHR NH Bl i), F£M
CN32 fEFT Ver 8 ISCz fle ik T T & [ Rk,
Al RESE BT H A W A P (A EPS) B A8 T 1A
B ILE X P RIORS - 2 A IR S 5 A2 NAU2
RS, AR EEOPIG SRR 45 mg/l
(RERAEYERAM =29 75 mo/L, (HEE
X HEZH AT 5 H 290 30 mg/L, X Al g &2 /0t
TURLAR A0 /N ME ATCRSE . NAU2 A T,
It CN32 fE M MR R 29 45 mg/L); 5

Ver Fl ISCz 1A Z AN [R] 2 , R NAU2 Bl NH,*
&%, CN32 &R Ynle i £, H NAu2
PR R TR B B 2 1 & IR LA, R
NAU2 % B 8 1 HA 5 m A WE BHRE 77, XA I AR
PR 0 7T AR AT R 4= T 0 AN T 4L
A3 M AR (time of flight SIMS, ToF-SIMS) B #5541
R T R YR U5 HLIBTREA SO R S E P 2R
P, Mk, K 2 e A LR A —
FE R BERE ST, W8 B A2 1 W R R i AR
WK R 5 i > A >R SR IZT W>Bm b

24 EPS &ETL

JIAN R4 EPS & CN32 B A RERS K>
WA A AN AR, SRR S 2R
BT, FEE, AR RR EPS ikt JF 40
JEL S0 22 TR R i, RE AT U HE A
BAH 0 T 2R 0 W 2 v B 3RO R R
U, ARSI T 5K ER AR CN32 =k
[ EPS Hh Z W S5 I & A8 45 EOR,
AEXTFICH AR, AT RS NH, B 521 EPS(Z
WS ) fr R TE BT (04 d)/ D i b TH s ik 3P
fa, RG> RE EPS AR (A 4-A). T LUKS 4 K
HA NHONRYIE 3R, EPS AR L2 ANl AR £
FAVEMIR: NAu2 (A& EPS A& AR LA
s L = b (K 4-B), SRR E G
PR, (H EPS ZHHAORFR I KA 1234 fin (&
4-B), #W] NAu2 X} CN32 Wik K™ L1 EPS
W B AR SR, U IR RS T ;5 NAU2
TR, Ver {3344 Z i EPS 25 128 & 1 W 35 19 im (]
4-C), 5K 3 i —%, RU Ver
Xf EPS W FH 455 ; 1SCz A1 Bt ) EPS 5 7%
fL(E 4-D F1 E)EC55, 5 F B NHS /0
Az W) EPS B0
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Variation of protein contents in the S. putrefaciens CN32 cells grown with dissolved NH;" (A),

NH,*-sorbed smectite (B), vermiculite (C), smectite-illite mixlayer mineral (D), and biotite (E) as the sole N source,
respectively. The error bar represented standard error of duplicates.
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smectite-illite mixlayer mineral (D), and biotite (E) as the sole N source, respectively. The error bar represented

standard error of duplicates.
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Effects of Shewanella putrefaciens CN32 on the release of
clay-sorbed NH,"

Xiaotian Ma, Baoxuan Chang, Liugin Huang", Hongchen Jiang

State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074, Hubei
Province, China

Abstract: [Objective] This study was conducted to explore the effect and mechanism of Shewanella putrefaciens
CN32, a typical bacterium secretes extracellular polymeric substances (EPS), on the release of clay-sorbed NH," in
soils. [Methods] The common clay minerals in soil, including smectite, vermiculite, smectite-illite mixlayer
mineral and biotite were used for NH," sorption and then was inoculated by S. putrefaciens CN32. The contents of
clay-sorbed N, dissolved NH,", the microbial biomass and EPS were monitored to understand the variation of NH,"
release from different types of the clay minerals. [Results] The content of clay-sorbed NH," was dependent on clay
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types, with high to low in smectite > vermiculite > smectite-illite mixlayer mineral (in biotite was too low). With
the activity of S. putrefaciens CN32, the percentage of released NH," was highest in smectite, followed by in
smectite-illite mixlayer mineral and lowest in vermiculite. Although CN32 effectively promoted the release of
clay-sorbed NH,", the released NH," did not accumulate in the solution but assimilated by the bacterial cells, which
was transformed into bio-organic nitrogen (mainly EPS) and attached on the clay surface. The adsorption of EPS
was highest on smectite, followed by smectite-illite mixlayer mineral and vermiculite. FTIR analysis revealed that
the adsorption of both NH,* and EPS on clays were closely associated with the hydroxyl groups in minerals
(structural or interlayer water), thus, it is speculated that the competitive adsorption on mineral hydroxyl may be
one of the important reasons for stimulated release of NH," by CN32. [Conclusion] The results of the present study
demonstrated that the EPS-producing S. putrefaciens CN32 can promote the release of clay-sorbed NH," from all
kinds of clay minerals. The released NH," does not necessary to be leached from the soil profile but instead to be
transformed into organic nitrogen and increases the bioavailability of nitrogen fertilizer. Therefore, microorganisms
may play an important role in reducing nitrogen loss and easing ammonia pollution from soils. It is important to
systematically understand the microbial effects on the migration and transformation of clay-sorbed NH;" in
different types of soils (with different assemble of clay minerals), which serves for the precise prediction of the
efficiency and loss risk of nitrogen fertilizers in soils.

Keywords: clay minerals, release of nitrogen fertilizer, Shewanella putrefaciens CN32, extracellular polymeric substances
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