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Abstract: The mineralization of organic P to orthophosphate in suspended particles by alkaline phosphatase plays an important role
in phosphorus cycling in aquatic ecosystem, especially in shallow lake. The study on bacterial alkaline phosphatase-encoding genes
is of great significance to reveal the microbial driving mechanisms of organic P mineralization. We identified the spatial and tempo-
ral distribution characteristics of the abundance of phoX and phoD genes in suspended particles in four ecological regions in Lake
Taihu, a large shallow eutrophic lake,and explored the main environmental factors affecting the abundance of the two genes. The
qPCR analysis suggested that phoD gene abundance was 6—42 times higher than phoX gene abundance in four ecological regions in
the study period, and both of phoD and phoX genes abundance in suspended particles has significant difference in spatial and tem-
poral distribution. The highest abundance of phoX (9.18x10* copies/L) and phoD (1.88%10° copies/L) were found in the river
estuaries in June, followed by that in macrophyte-dominated zone, central lake zone and algae-dominated zone. Compared with the
genes abundances in June, the abundance of phoD gene in four ecological regions decreased significantly in September while phoX
gene abundance increased in algae-dominated zone and macrophyte-dominated zone. In September, the abundance of phoX gene
(5.70x10* copies/L) in macrophyte-dominated zone was the highest and the lowest was in the river estuaries (1.49x10* copies/

L). Macrophytes play an important role in determining the abundance of phoD and phoX genes. The abundance of phoX genes in
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suspended particles may be underestimated. Dissolved oxygen, total nitrogen and total phosphorus are the main environmental fac-
tors affecting the abundance of bacterial phoX and phoD genes in suspended particulates.
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Fig.1 Location of sampling sites in Lake Taihu
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PEME APA DU /NIRRT K RE 2 25 X SE A (PNP) F) nmol 504671, A LK (TOC) ¥ 14 e K R
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NFRFP S IRSCHR. BT RER T 3 N EE I3 REE I EAE T RE 5L 45 AL
2.3 HIBEIESHHT
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Tab.1 Physical parameters of sampling sites in Lake Taihu

LRI X il 1 X 1.0 X BT X
My (ML) HEFHE (RT) PR s (R2) .0 (L1) B0 (12) TS (GH)

fibr AR

T/C 6 24.9+0.1c/B 25.4+0.1b/B 25.4+0.0b/B 25.0+0.1c/A 24.8+0.1c/A 26.1+0.0a/A
9 26.2+0.2¢/A 27.6+0.1ab/A  27.3+0.1ab/A  28.5+0.7a/A 28.2+1.0a/A 27.6+0.5ab/A
pH 6 9.22+0.02a/A  7.47+0.01d/A  7.48+0.00d/A  8.45+0.04c/A  8.59+0.07b/A  8.37+0.06¢c/A
9 8.80+0.05a/B  7.52+0.02¢/A  7.58+0.02¢/A  8.54+0.06ab/A 8.24+0.28b/A  8.86+0.28a/A
DO/ 6 7.81+£0.04bc/B  4.02+0.01d/A  4.09+0.02d/B  8.08+0.11ab/B 8.36+0.06a/B  7.75+0.28¢/B
(mg/L) 9 10.18+0.23b/A  4.28+0.04e/A  4.73+0.03d/A 10.97+0.17a/A  9.02+0.08c/A 10.65+0.19a/A
Eh/mV 6 155.9+42.0b/A 226.7£6.9a/A  197.1x6.1ab/A  181.8+6.9ab/A 161.7+9.2b/A  154.1+6.9b/A
9 212.0x11.3a/A 156.0£5.7b/B  141.0+8.5b/A — — 151.0£22.6b/A

s T 0 X B SRR ) £ 22 S B LA V/IN S S B A M5, P<0.05 s AR ) 493 1 SRR 51 0 2 53 8 DA K5 3 R v 75K
5, P<0.05 3 KNG FREHT /7 BT
3.2 BARLB MR HI/KIREIEIR

Chl.a 2 HIWiK PR R E IR E R R bR, 6 A, KB4 WX Chla SE-X%e N 20.72 pe/L, o [T Xl
AT PIIIX. Chl.a SEX¥ B R 29.26 we/L, B3 5 0 KRR RY X (SEEH R 11.71 wg/L) . 9 H B
H XM, HAA X Chla M i 3830 5, 45 10 KX M B3 3 & 116.44 pg/L. 3 RYIX Chl.a YR E R, 35
438.60 pg/L, &8 3 i F AR X, HR 10 X (77.69 peg/L) 1 H X I (19.32 pe/L) (& 2a). B 2:0F
SRR A R Chla Z24F 1 F e B AE 201, WAk 8.9 10 F e BIA7 A , fme i (24 Hh B
1E9 .

6 A, KA W X KR TP SEEIREE R 0.14 mg/L. 25 [ 4345 1, ] F1IX TP #e 8 (0.23 mg/L) 5 35 i T
AU BRI AC X (P21 B4 0.10 mg/L) (1] 2b) . BRASUESE R 3 S RIA I iz — , 24F 4L
FAGORE . R A SE T 2014 4EXT 21 SR TEHEFT T 78 7 WL, 15 74 6 30030 8 s ol AW
TS A I RO AL AR ZR 7 (84.1 m®/s) | BRARHE S TN 1 TP 1) = B2 AT PR ok ml 48 8, R AR
5 I TH AR T AT 11 DX 3 v B 1 TP W) BB S5 AN A 6. 9 T, 41 XKk TP SF- 33k i T & 0.26 mg/L.
56 ML, BRX (0.64 mg/L) FHC X (CEXMEEE R 0.21 mg/L) TP ¥ BEAE 9 H W 210 1] 1 X Fi 2L 7Y
XK TP #e BEA AL HR B35, 9 H ¥R ALK ik TP e B 38 m T HAB X . — 400 E W 9 A&4ES
RRUIX K AR TP $LUBURE S0 32, & Lk 90% L, 5 B A RIBFSE 465 1 — B0 Hok Wa ok S 1e
WK R o B TR . SRS R B, R K MR R S A U o R A R B ) 87.5% ~
100%. HA 2 KK Lake Kasumigaura, UL A A WL A 5 ok 63.4% 58 85 T OB T oA HLIE A9
H(25.3% ) MO YA K A S IERERR £h B = I, CEUE T, 00k 28 WU A4 f b 7T R 2 3 55 T 1)
PR AN T 9 T, ST KK TP YR EE (0.07 mg/L) 5k, 9 HUT/KAEYIAL T A K, WL T 7K A48 43
VR RAHE , S8R TP iR

B AEFLA X BT A1, HARISI X APA 55 TP ¥ (14 43 A B4 S5 R AR AR R (18] 3a). 6 H, K45 380 X K {4
APA SEHI{E A 169.02 nmol/ (L-h) , i [1[X. APA(253.70 nmol/(L-h) ) B THALM K. 9 A, K& #X
IR APA I EFFESZE 581.90 nmol/(L-h). 5 6 HAMILL, BEIX .0 K AFRIX f) APA &340, 7 1
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Fig.2 Chlorophyll-a (a) and total phosphorus (b) concentrations in different zones of Lake Taihu
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Fig.3 The alkaline phosphatase activities(a) and total nitrogen concentration(b) in different zones of Lake Taihu

3.3 HAEASL R X 2R HA Y4 E A I B ER B 4R D B Bl phoX B 5 Fa 45 1E

6 H , A 4s A 252K T X B VR R ) AN B phoX JEPF2 1 1.61x10% ~ 1.14x10° copies/L, 34 iF K
4.85%10" copies/L. 9 J1 4 5.33%x10° ~5.70x10* copies/L, E-YJEBE K 2.51x10* copies/L( [&] 4a).

6 H , KB WOR ) R phoX (K =F 1 52 9 4 3525 [R) S Bk (18] 4a) |, VT 0 > RETS 3.0 > B, S KAH
HYERAEIT 1 X (B35 2E B 9.18% 10 copies/L) , fie/IME H BIZE 35 20 X (P2 K 1.61x10° copies/L) . Ji[ [
IX. phoX J[K = B i 2 T H A X, 5 HABW X phoX e [KSF-45 F B 0 LA 4351 5.70 () /378 ) (3.89
CIFT /38000 ) 1 2.07 AT/ B8 ) . A2 40 HrAs 6 3T H IKAEAE A i I AR MR B B 1 5 3T
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I X B JORE ) A TR pho X IR 3 2 tnb 25 e 1 A3 X0 S 2 D IR BT 0 XA, e 7R I Y SR ) A TR

phoX J PR 3 B0 25 v T O X R SE AU X R XA KRR K AR AR, B 8 TR AR ) (L 0 ) i ot
T (GEA) . KA e T K U3 70 A0 B L R TR 8 PR 38T K A A 3 e 72 2 A e S5 A 4
ANV A2 A, DT X V7 i £ 17 A 5 T 5 () s, 7K A A 40 A, 30 592 e 7 U AL 4 R U7 D 20 0 1 2
St PN Tl R ) Tang S5 56k AT A0 TR RRE 9 AL AU e 25 S AR 0 2 B, LA R 40 TR A VR
L) B0 S A T T 2 A W 1) ZR T M A H P 3 25 () 22 S/ A E VR 2 s B T S (R, K A A
Wy 2oL 5 e A 00 o o 4 AT V) ZEL o, 32 T T LA 582 e 5 2 JUA ) B 5 A TR pho X phoD BE R F B

9 A BRECAIX AL, HALAS 1 DR 7 ORI A T phoX S [H] = B2 JC 2 35 23 W) 73 A1 22 53 (] da) , B R AR
PAEZELI X (S FEBE K 5.70x10% copies/L) , 5/ ME HILAE O X (B FBE R 1.49% 10" copies/L) . FLRIX
phoX PR = 5 Wl 255 T A A W X, P X FE B LA 0 30l Dy 2.22 (B AL/l ) (3,82 (B AL/ 1) F1 3.02 (HE
RI/0) . 6 AF9 J BRI IXE = 1) phoX FE KT BEFE IR , /K AR A ) X6 7K A B PR OURE ) 4 PR pho X BE IR =
BAETR 0.

NEFE] B ,6—9 H, &R A5 AW IX R TR ORI ) AN R pho Xk [X] =F B2 B B[] 52 SN [R] ) 28k i 3. o)
F R0 X phoX SR =E i 52 R R R 3 (& 4a) , SF- X E B2 LU H 43 5002 6.14 (6 379 ) #11.25(6 A/9
) A X 9 F phoX FEPR F B WEALT 6 A. 45610 1 X KR TN ik AR a3, vl E— 2L 560E , il 1
X B IR UR Y phoX LR FEEZ MBI M. 5 6 AAHLL,9 F#.0 X L1 S0 phoX BRI F A2 FT+
AL IX L2 SN R TR BRRRE. B L2 SRR BRI phoX BN 3 B KT L1
UL AFER AT PO DOK R BEAE 45 , R BUER TP Ab, 0 X L2 ;S e, RS TN BURLAS TOC FUBURL
A APA B (16% (10% F1 7% ) IR TF 10 X LI G A7 (53% (35% A1 30% ). 3 &M, LI A L2 g ) 32
VA 30 X, (B R T oK BB AR AR AE 22 57, W RBAEAE A [ (%) 200 TR TR v 4L B, 3 1T 5 BB UKL ) pho X R [A]
FREAAAEZE S TRV O X T Z S TFORIE. SR DCRIRIAY X phoX FER F= BEYY bt HARA 3, FRE LA
Sy 0.63(6 479 H)F10.78(6 H/9 H ), HEHEIX phoX He[H =18 i 3 7 T3 X . Dai 45 % K WG4
T (FERIX ) A A (RET X)) KA phoX BEPR 32 BE (5 A3 8 TARIR A 45 5 - 578 IS LL, iRV K IR FE
(8 J) phoX Be[H F FEHAR , (HELAT 55 A G PE B R BTG M , O i 0 s 28 £ 5 0 e 8 A 5 A A A [) 1) A AL
B A WA LA phoX JEDH R 3. H P 2a AT, H B0 X R X K A4 Chla Wk BB R T 6
A, HSMIX Chl.a Y (438.60 pg/L) 358 T HAIIX (66.06 we/L). {7 9 F1 8 E5MIIX phoX 3E[H 4 i
A N, HLBEARIX phoX 3 [F F i (5 35 (% T RO X Dai ff — B AOBFSE R R 245 (-
Bk &Z) BT I X KR phoX FE[H )L 5 a-proteobacteria Fll B-proteobacteria [1) phoX 3 K e AHALL 1) 3 A
R S HEZEEAIX Y s (38.8% ) M AN TR phoX JEN 15 Synechococcus sp. PCC fiz J AR, T 2 —
2T THEE T R O A . SRR KRR L B, RS TEREY 90% LA B R B
PN EA 2 S AT, 7— 11 7 STV R G2V 2 3 Iy £ 7 el | 0 T ety S A 4 I s Ik iy
DR R R TR A T, AR S0 R SCHR 21, 32-34 ] FR{ili FH A phoX DA fa 915 | 9 0t A 0t e e
P 2 DA N ELA TR ST, SR 7T B8 S BOK SR ORL ) 40 T8 phoX BE PR =E BEBEARAL.

3.4 F A ISR X BIF BN ) 40 B A M R ER B 4R AD A phoD By 43 T R

6 FIHI9 1, K4S 5 A5 SR ) X B PR ORI A1 T phoD JEFH 42 BE 431 4.00% 107 ~ 1.98x10° copies/LL
F11.20%10° ~3.95x10° copies/L, 343 B 45351 K7 1.05%10° copies/L 1 3.11x10° copies/L( [&] 4b) . J &%
WURLYI AT phoD JEPR FHEJE: phoX JEIHY 6~42 £,

6 H, KRR A R phoD FEPH 325 5 90 10 35 25 8] 5341 22 5 vk (&1 4b) , K31 5 phoX IR 32 B
FATAATFRFAE , RIAT 10> 5080 > 300> SR X Jie KA S BAE ] 1 X (S35 2 8y 1.88x10° copies/L) , e /MA
HBAE SR X (P2 B 4.00%107 copies/L) . I 111X phoD 3P ~F i 8 2 5 T HAIL A X, 72 9 B2 1) HE
3 4. TR /A ) 391 (3] H/i#.0 ) A 1.63 (] 1/ BEARY ) . il phoX FEP—FE , ] 11 X B 07 UM 4 P
phoD FETRI ) e 7 BESR IR TAMERUE Y A

9 F, KINEIF IR 41 G phoD JE IR = i 43 7 7R 22 3 2 8] 53 i (/&1 4b ), #10 (L1 g5 07) >3 [ >
RUSHEERIX S0 (12 5507) . 5 phoX B —#E MO X L1 5 L2 47 B T2 PR AN B phoD FE K =F B 2 3
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RS JRH IR 3.3 4.

i i) b, SR R AN 1 phoD FEPH 1 /R 5 phoX JEIN R R B B ) 28 (LA, 5 6 A EL,9 K
8125 A 250 BT UKL AR T phoD FE PRI 42 B2 X W 25 AR, 251X 6 H 5 9 H phoD &R 3= FZ 1Y L AEL 23310 A
L.92( ) 4.90(J[ 1) \1.74(IH.0) A1 3.48 (RERY) . 5 phoX e DRAR ] (Y J2: , S IR GR A= W i A 9 k2> 3 B80T
U2 phoD JE PR = &2 i) b 2 AR, 15 phoX FEPRUN [a] (92 , 3 B A1 /K A R4 99 E JR A I 20 b 35 IR 17 0
TIORL A T phoD & DRI 1, 150 W 13K P S DR AT BB 52 AN [e] A BRI (R 144 24

15 25
(@ (b)

) a/A 6A ) WA 6A
g 12 _l_ w91 £ 20r T ba X0
3 3
=09} T 15t
< b/A < /A
& a/A %f ¢
= 0.6} = o)
® c/A 7
be/A WA g/ % e
= 03} dA g / Q 05|e/A b/B
S 7 wa cd/B _ _ 2
£ 7 | s % A % ) B

ML R1

Pl 4 B TR BRI AN R phoX (a) Al phoD (b)) H X B2 43 A3
Fig.4 Abundance of phoX(a) and phoD(b) gene in suspended particles of Lake Taihu

35 MMHBEABEEEESTFERTFHLR

S phoX Fil phoD) Pl I B R SR ES B ) 2 3 15 7K PR3 PR T AT R Sk G 7 , 45 S 2 2 ke 3
. B TR BRI phoX I phoD) DA 2 F 1 S 5 2%

6 11, /K 1A DO ¥ 15 phoX phoD SEPA 4 1 #9522 .3 HUH1 )6 (P<0.01). 9 J1, DO W Ji 55 phoX 3K Jif
B 5 phoD BEIK = BE GV, 9 1 i SEBUAT it i EL R K A R A HE U, 0 ALK A K
e R S 75 0 B I /K P LA 620 9 DO HEBE L 43310 10,18 mg/L A 10.65 me/L( 3 1) H1%
PEAE IR ], DO VI I THES AR T phoD JEIH 18 (FLIE RN T phoX JEI B (P<0.01) . AT LIS, K i
DO W JEE [ FHESBUAE T 45 phoX \phoD 25 DA 1 411149 86 7 AL, 45 ) - 586 3 phoX JE IR A4 119 2 K , R
FHELE S phoD P AN B 1<, IATTT S8 phoD PR £ BEAE 9 F1 5.

6 1 /K 1A APA 5 phoX phoD) HE[H 4 1 5 i 25 IEAHG (P<0.01). 9 1, Kk APA 15 phoX $L[H # Jif
BEEAIN(P<0.01) i 15 phoD HE[H 5 I8 B GUHIEHE. BRI 11K 50, Fofb & XK i 9 g APA B 183 75
F6 (1 3a). 9 H ki APA 5 Chla W5 3 IEAIXE(P<0.01) , W1 IE IR K Tk APA 19 £ T2 57k
. 56 AKILL,9 F BRI AN phoD HEI - i B WRAE , phoX JEI = B BAANR G35 , %4 B 4911 52 APA
BTVt phoX SR I3 | ok K DL 80l A 5 0 A RS 398 T T S SO0 L R
TUIX phoX HE[H - BEWEATAG. PRI, 77K 52 100, S5 B PE ARG phoD A HLAE , T PE BRI phoX 1 77K )
VA 75 R G U R T T Bl i 448 0 S T M. R A B R B A B (PR ) B A HUBE B et

Ragot 45 it - 398rh1 7 phoD) SEIR AN HIBFFE % B, TN S L3 vh 5 phoD 2 DA 240 1 B 9% 19 <5 B 0 14
F. ABFGEH,6 H kIR TN W 5 phoX phoD [ i 1 5 1.3 1E M1 (P<0.01) 39 A, K& TN ¥ JiE 15
phoX SEPH B S AEAIG, 55 phoD DA 421 2 SR 6 , (LB B3 39T 10 X AU A 1 Sl A M 7 TN ok
% phoX phoD) S [ 5 i 1 S 047 16 AWl 2

6 11, TP VIR JEE 55 phoX \phoD [ - X 2 B TEA X (P<0.01). 9 J1, TP Wk FE 15 phoX .phoD 3 [F - if
B RAAMI. Tan %12 % HHEROTTSCR I phoD ST A BRFT B 11 3 FE B 25 Bl 1 16 0 T 464G, Ragot 4512
st E SERIFSE R Al R B phoD HEDS AR AT 11 HE 5 S AT 4R URS 52 67 M 5. TP W 4 phoX phoD) 3
R B B AT — A BRI
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722 6 J phoX Fl phoD FEIR = & 57K FREE K 09 AH G 1

Tab.2 Pearson’s correlation coefficient of phoX and phoD gene abundances and environmental factors in June

phoD phoX TN TP TOC Chl.a pH T APA DO
phoD 1 0.939* 0.923™ 0.927*  -0.013  0.512* -0.925" 0.586* 0.939™ -0.935*
phoX 1 0.849*  0.920™ 0.160  0.544* -0.879™ 0.435 0.822*  -0.896 "
TN 1 0.940 ™ 0.255  0.730™ -0.831" 0.356 0.855* -0.970*
TP 1 0.262  0.721* -0.860"  0.330 0.828™  -0.980 "

TOC 1 0.648* -0.042 -0.769* -0.214 -0.283
Chl.a 1 -0.334  -0.118 0.448 -0.729 **
pH 1 -0.415  -0.802"  0.880**

T 1 0.747*  -0.309
APA 1 -0.838**

DO 1

* FEn P<0.05, #* 78 P<0.01.

% 39 H phoX Hl phoD H&[H == K 557K FREE N 1 YA S

Tab.3 Pearson’s correlation coefficient of phoX and phoD gene abundances and environmental factors in September

phoD phoX TN TP TOC Chl.a pH T APA DO
phoD 1 0.322 -0.210  -0.288 -0.306 -0.383 -0.295 0.244 -0.216 -0.269
phoX 1 0.031 -0.215 0.346 0.119 0.657* 0.052 0.648™  0.556"
TN 1 0.876*  0.880*"  0.888"* 0.242  -(0.943 ™ 0.696**  0.040
TP 1 0.797* 0912 0.260 -0.761"" 0.464*  0.170
TOC 1 0.962*  0.673* -0.759 ™ 0.898™  0.496"
Chl.a 1 0.580" -0.746 " 0.749 ™ 0.450
pH 1 -0.072 0.747*  0.958™
T 1 -0.637*  0.167
APA 1 0.530"
DO 1

# 78 P<0.05, s 378 P<0.01.

4 gip

1) KIS [F) A= A5 R IX., & OB VA0 T phoD X 42 B J2: phoX P BEHY 6~ 42 4%, 6 A phoX Jk
34 3 B R 4.85% 10 copies/ L, phoD 343 B8 F 1.05%10° copies/L. 9 F phoX PR3 RE Ky 2.51x
10* copies/L, phoD F:H -3 B8 H 3.11x10° copies/L. By M0k M) 405 phoX A =E B 7] ek (1A

2) MR R M) 40 TR phoX Fl phoD e PR 7= i 52 3 I 28 () 25 S TP ¥AT 11 X phoX \phoD B[R F2HE 32
MBI E I AR R]  RERLH X, phoX Fl phoD) IR 7 B 1 38 1 T3 BUMA X, $i8 75 7K A A %o B B Uk )
AlER phoX F phoD HePH F- [ BA HE TR, /KRR LW, S IEBERREE PhoX FEHIK AL S R G BEIEER h 7]
AE R IR AR

3) 7K{A& DO TN FI TP e 5 X5 2 17 URL ) 40 B phoX Hl phoD JEPR 32 HA W25, DO e (35 A
FIT 5 phoX FEN AN YA K. TN F TP W XS phoX \phoD H& K = & 152 M if5 BER A Y BIFSE.
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