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Effect of Nutrition Level of Phosphorus and Nitrogen on the Metabolism of the

Extracellular Organic Matter of Nostoc flagelliforme

QI Fei', LIU Xiao-yuan®, XU Bing-bing’, BEN Yue', FENG Li', ZHANG Li-qiu'

(1. Beijing Key Laboratory for Source Control Technology of Water Pollution, Research Centre for Water Pollution Source Control and
Eco-Remediation, College of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, China; 2. School of
Chemistry and Environment, Beihang University, Beijing 100191, China; 3. State Key Laboratory of Environmental Criteria and Risk
Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, Chinaj; 4. State Nuclear Electric Power Planning
Design and Research Institute, Beijing 100084, China)

Abstract ; In this study, Nostoc flagelliforme, which is a typical nitrogen-fixing cyanobacteria alga in lakes, was selected as the object
and effects of nitrogen and phosphate concentration on the growth and the generation of extracellular organic matters (EOM) were
investigated. The growth of algae concentration was characterized by counting method. The releasing characteristic of extracellular
organic matters ( EOMs) was analyzed by DOC, EEM, and spectroscopy methods. At different levels of nitrogen and phosphorus
nutrition, Nostoc flagelliforme exhibited a same growth period basically. Nitrogen is the key factor to controlling the growth of Nosioc
flagelliforme , compared with phosphate. The increasing of the nitrogen concentration enhanced the concentration of EOMs; the
increasing of the phosphate concentration was not good for the releasing of EOMs. Nitrogen is also the key factor to controlling the
releasing of EOMs by Nostoc flagelliforme. By the analysis of EEMs, when phosphate was the controlling factor, the main EOMs was
amino acid-like and fulvic acid-like organic substances; when nitrogen was the controlling factor, the main EOMs was amino acid-like
organic substances. As main components, the concentration of carbohydrate was much lower than that of protein.

Key words : phosphorus; nitrogen; nutrition salts; Nostoc flagelliforme ; extracellular organic matter

UEAFR, B T A 2 M2 T A bR R R 3kt TR (Nostoc flagelliforme ) FEIR KA H1H UL
ATE TG AR DM K = et . 2 WS I — P 2{RIET R B, i 20 A T 1 4% R A 7K
FRICER M 15K B HEROR Bt A Rk R 2 v, TR B 2011-07-16 41T F88: 2011-10-26

HICE WA E S IR S H e E . AT, 3 EETE: ik AR 45 28535 ( HJ2010- 5, YX2010-20) 5
E % HARRMERE AT H (51108030 ) 5 /& 25 A 1 24 R

FEL P R AP AR IITE (T A | 552380 L vl 55 ) AT ALEIURHIFE 4295 H (2010001412001 ) 5 K I Toll K
_ DN o, S K Y W K PR 6 T 5 5 TP R
R IR AT SR AR ABE  T A ) 2 CESA00001 3. BN L1 B4 51 1 010070016,
B3] 4 (e B TRV 201104060) ; b 50 4 Al K 3 5 ik B BF R 8 90 H
fﬁ%ﬁﬁffﬂfgr :1%%Eﬁjti§\iﬁﬂ<fXXT{ﬁﬂ/e7ki (BLX2WS024) 5 b 5 Ml e 3 e 2 K 2% 1 b F 7 0
ARG MU S e, L X T A AR B A 1050,

, EHE B 57 € (1980 ~ ), I 1+ BIHIZ, BT 7 0 s
oNOap AR U B R 3B R Bl qifei@ bifu, edu, on



5 It R B IRERROP X BRI AN I A G R 1557

A AR Ry — T R 0 [ R, RN & F A
LB S, FEALFE 4R o B R E MR
PR A R N A AL BT 2 4 R 1 L BR
R2EH A EER IR — " A S RS
{18 o 2 [ SR O, R LA e A [ R T A
BEIhEE, RIAA S R G P R EA D W, #
P8 S TRWAE B B T T B R R E S M
PULH ISR, S i A T 8 5 S B T A8 2 7 1 1)
TR R & TR A S SRR 27 B, X T 1 i 00
A S R G A BT A P R Ab 2 R S A LB 4
PR B AN TEAR KR TP A AR Y R
KA P Z TR ) 89 2RI KR Sk
AP R DR E 1 T R W R R A 1 TR
AWFFEBEIEA WU RT3 A AR T K AL B AR AL HL
AEER) TRE L.

A 5T VA RS ER BE ( Nostoc flagelliforme ) X
R HTEFRAA R H AR R R R, SR AR
STRBENIIM HLY A R e 32 B TR A R
UTPIKE S

1 RS

1.1 SEEPR

S i AR BREEIE v ERR A B K AR A
WS AT, ARAFAE pH M 8.6 9 BG-11 55323 5553
2R 28°C , EwEEE 12 h/12 h, BRJE 452 200 Ix.
5 dfEEE 1 RGER 2 IR TS ROIREBREEE B 1 x
10° A~ mL ™" B PR SC 0.

KR35 5y M0 vk v i F Ak 2430 (g
B OBERR A A B SRR AN BRIR AN TR B |
EDTA 4 1035 8 A % 5 W 52 85 G- 250, & B
H,PO, %M R B ER ) 24 R 53 B 2 2.
1.2 LRIk

X S A A T LR S 3R S AT S AR
IR (100 mL) , 7E5 000 r-min ~' 5048 JEATES.O Ab
BES min O _FIEV, FHIC B 7K M0k B0 5 BE AR R
TR R S E SR OUER T IR EBER
IRV TAE 3 R KBRS BRI EE A 100 mL TCHE
BRI 5% 48 h, (B IR N BB I RESR R

S h AR T ER i S A, 0 R B AR R
PRI S 81 (K, HPO, ) ¥k B 5 il 15 37 o0 R B i ¥k
JEK W, B R B R A R 4 R 0,15,
0.45.0.75 mg-L~" {55 752 3 b BB MR 20 00 0
0.026,0.080, 0.13 mg-L™". LK rh IEICE s
il S, 38 o RO 5 SR T R R £ ( NaN O, ) ik B 42

%8 I 70 R B 7K T, 15 3% 9 i R AR 1 43l
91,5, 10 mg- L1 it 35 55 J v S 00 B 4350 R
0.16,0.82, 1.65 mg-L~". M4 H 8 F B WA & 7%
A, B3R 3 NEFRFM MR FTE S ThEFRM
G 3

W AR Bk 45 35 5 1 3 & T 500 mL
FiFR (500 mL 5% 1 L #EIE O 25 ) v, G R
HRBEAN YR N 5 x 10* 4> -mL .

1.3 Mk
1.3.1 ik Az

B3R VI b6 Ja B R B — k1) 92 36 3
Tl — S O TR T i 120 R 0E A3 B, 7 b e 3
I I BRSSO T, A5 AR O F) 386 200 B 2, 24 e
FAER k.

1.3.2 MU HLAY B

SR FH B -3 118 1) 77 v B IO 2 R AR A L
W7 K AR B 0 1 210 000 G, 5 3 5200
remin "' R B 15 min, SR 0. 45 um BEERET 4
ABUE T VWA T I uE  UE P T S ALY O &
AR BREE M AR P
1.3.3 DOC B/KAA Y B i

K H TC/TN 284 (3100 TC/TN J3 A%, i [
HE S A3 BT A ER e 28 7)) SHR U %2 R & Bk 8 M 41
A HLIEE S b DOC BEFT 04T % Sl ¥ G-
250 F A3k R0 WA R L vk A i AR i
ALY E A AR S R
1.3.4 =456k

DAGRUKT SR G UR $ B A3 5 I 1 bR A B e
MR ML IR T 2, 26 gAY
S F-7000 432N MOCEETH(HSLAF, HA)
ORI E 2 200 ~400 nm; KZSAREERK E, N
300 ~ 500 nm; FEAETERE SN 10 nm, S HEIFE N 5
nm, N1 200 m-s ™', HLE R 400 VIO
1.3.5 IR ERTE Ik

B K R A A R

Ine, - Ing,

po= (1)

o TR AR s ¢, FRoR I —If[R] [a] R 245
A8 A0 M IR B, A - mL 5 ¢ o B — Bf [ 1] B 40
ARV A - mL " ¢ R [A] E] B

2 HFR5IHE

2.1 ARV RN SRR B A KA
DA Bl B A P 2R PR RREBRBE A I



1558 AN 5%

Fl 33 %

Ay,
=

JEV 3 A 5 38 O B K R ) T
W1, E 1 FR. 7R 4 DR R BI ROR SRR B
SR K 3510 d; SPEERI 6 ~8 d 2247,
T Ae e AN LA 4 d. 7R A KR A Bl A
KR O+ B3 A BT R B R
1 BG-11 ¥5 383 KRG TR A K2k 27
d, e KAEY) & (AR ) v LAk 5] 6 x 10°
A emL ",

BEE A BT R ARG SR A R B B REAR , RIR
BRI 0 A K TR A A, B KR .
FEIE NI, A A 25 I 0 S B B MBSO S 1)

400 . —
360 &R M EERN ﬁ.‘i&'iﬁ FM
320 F : P

280 |- .

210 @

200 =0 [TN] =0.I61§1g-L"

| o [TN]=082hgL"

WAL e X 1044~ mL!

W60 o [TN] = 1.65 fng L")
120 [ (TN =165 e /& |
H A '
80 H FAY QO
a0k : §° P
0 [ O—p—B—a—F 8o b opoovo
L i Il Hl | i Il
0 5 10 s 20 25 30
Kygrmt/d

L-!

-m

AN HE X 10% 4

THiR (14 d Ze47) |, BEA R0 W R38N, A=
A T N AR E W, AWECR Mk
g AR R RE A B Y B R

BEAb , F 7 7 T0 3R R BOIR & BR A KR
AR A E — E 1 22 S . NIBT 1 AT DL B 1Y
SR IR P A5 A L, TR S IR S AR R
TR R B B3 BEE FUE SRR R R
JE RS, A e R BAIR. ph e nT L A IR
R AE R I AR P, U IR AR B BRI A

KAF.

200
g0 | ERM AECERN RN e
160 |-
140 |-
120 | ® .
100 o [TP] = 0.026 mgiL"! N /’ \
80 L—0— [TP] =0.080 mgiL™! UKo N
g0 L2~ (TP]=0.130 mg L // ~q _\%
40 _ /.45/

2 /g'/?{

0 | B & P :"@’“: ) -ﬁl- B |-¢I:}§

0 5 10 15 20 25

HigEmfi/d

E1 FREEFFHNSHRERFENZIE

Fig. 1 Effect of nutrition level on growth property of Nostoc flagelliforme

PSR R R E (s, ) SEBRISAE TR TR
v R R A] 5 4 FHRR R B9 4 b 3R K AR S
RGO RSB E RS —. AL, LR GER
RRNE (P ) R RS R BER A R I 0l
FRAFFIAE AL B 2

TR S P G e JRE 0 L 8 24 14 5 i A
P2 B 7. S0 R BE RS AR A TR A B R 3R 1Y
SR S SR IUAE G RO FIAR 2 I, BIVRT 35 3 14 e K
FEIE AR, X RO R, U8 R SR vk R o

3 ([TP] = 0.026 mg-L™!
04 ZZ2 [TP] = 0.08 mg-L!
=3 [TP] = 0.13 mg.L™!
=R [TN] = 0.16 mg-L™!
= [TN] = 0.82 mg:L™!
~ 03 L
% N L
2 ZN\ :
0.2 N :
= = 5
=y N ==
0.1+ . N :
F/Z o H
2 AEEFEGMERSHRBEERKLERERNZ M

Fig. 2 Effect of nutrition level on growth rate of Nostoc flagelliforme
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Fig. 3 Effect of nutrition level on mass of extracellular organic

matter generated by Nostoc flagelliforme
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Fig. 4 Effect of nutrition level on generation yield of

extracellular organic matter
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