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Effects of environmental factors on the growth and urease activity of the harmful

dinoflagellate Prorocentrum donghaiense

CAI Yu, LIU Jingya, QIN Junlian, SUN Shugang, DUAN Shunshan, XU Ning
Department of Ecology, Institute of Hydrobiology, Jinan University, Guangzhou 510632, China

Abstract; In the last few decades, the geographic distribution and frequency of harmful algal blooms ( HABs) have been
increasing worldwide, and have resulted in severe economic losses and ecological disaster. There has been a scientific
consensus that there is a positive relationship between occurrences of HABs and increased eutrophication due to human
activities in coastal waters. Studies demonstrated that urea has seen wide use in agriculture as a major nitrogen fertilizer in
recent years, and consequently, concentrations of urea in aquatic environments have increased dramatically, becoming an
important component of dissolved organic nitrogen (DON) in coastal waters. Other studies demonstrated the presence of a
positive correlation between the increased input of urea into coastal waters and HABs frequencies. However, the ecological
role of urea in triggering HABs, and the mechanism by which it does so (in a species-specific and physiological context in
particular) , are still unclear. The armored dinoflagellate Prorocentrum donghaiense is a representative HABs-causing alga
found in the southeastern coastal waters of China, and has caused serious damage to fisheries and aquaculture facilities, and
threatened coastal aquatic ecosystems. This species has shown a wide range of tolerance to light, temperature, and salinity,
and is capable of utilizing both inorganic (NO, and NH;) and organic (e.g. urea and amino acids) forms of nitrogen (N).
Based on our prior study, in which we demonstrated that P. donghaiense exhibits a higher growth rate when grown in media
containing urea as the sole N source, compared to those grown with NO, as the N source, we investigated the effects of

environmental factors (temperature, light intensity, and salinity) on the growth of P. donghaiense, and further explored the
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potential regulating effects of these factors and different forms of N on the activity of urease, a key enzyme involved in the
metabolism of urea. The optimal temperatures for P. donghaiense growth were between 20 and 25°C, while the highest
urease activity was observed at 25°C. Light was observed to significantly influence urease activity: high urease activity
(9.405 fmol h™' cell™) was observed even at lower irradiance levels (<2 pmol m™ s™") , where the cell density was the
lowest. Compared to light and temperature, salinity had the smallest impact on growth and urease activity, i.e., both
relatively high growth rates and urease activity were measured at salinities ranging from 20 to 40 psu. Regarding the different
effects of different nitrogen resources, P. donghaiense was capable of using all forms of nitrogen provided: NO, , NH}, and
urea, to meet its growth requirement. However, urease activity, was significantly inhibited by NH, and NO;, but enhanced
by the presence of elevated concentrations of urea. More specifically, P. donghaiense exhibited the strongest urease activity
three days after inoculation in the urea treatment group, while, in contrast, urease activity in media with NH; or NO, as the
sole N source did not change significantly over time and was significantly lower than that observed in the urea-augmented
medium. Moreover, we found that NH," had a stronger inhibitory effect on the urease activity of P. donghaiense than NO;.
In the N source conversion experiments, urease activity in the NH," substrate was still lower than that in NO, substrate after
the addition of equal amount of urea. In addition, urease activity was significantly elevated when ambient nitrogen was
deficient. The response of P. donghaiense urease activity and growth rates to the temperature, light, salinity, and nutrient
differences observed in this study may reflect an ecological adaptation of P. donghaiense, which allows it to make use of
organic nitrogen when inorganic nitrogen sources are insufficient, providing P. donghaiense with a competitive advantage

over co-occurring phytoplankton species when the availability of urea is higher than inorganic forms of nitrogen.
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KA KRR E KT 15 CEEKA(P<0.05) (K 1B), 7£2 wmol m™> s AR T, 45 i H 86 41 g
P AR E 30 A1 100 pmol m ™ 8™ YEHR AR T, ARG R BE M A K B 3% T 2 pmol m™ 7' (P<0.05)
(E10),

JIT A S S 2H 4y fi A ) 380 MO il v, AR AR AR . FERD 5 5 3 Rk A e, SR Bt o Ak BT A] 4 E K T
TRECE 2) . B 2 AT RLE Y AKX 2R v D F e ORGP 2 i f K, 25 °C 4 BLAT B = Wkl 7% 14 (12.81 fmol
h™' cell™,) , HRJE 20 CA(11.02 fmol h™' cell ™) , M 15 °C 2H 5 i IR BETG 41K 7.055 fmol h™" cell ™, £ 25
C I 50% , BE LT HABPIZE (P<0.05) (& 2B) I BRI SN e AR 15 it Y 9 JOR it 1 14 1) e 2[R

http ; //www.ecologica.cn



4 £ A ¥ W 36 &
| B 1 C
/\O i i
3
@) - _
o T
~ i L i
z‘ L
§ i i
Q 4 4
a —a— 15 —m—
© T ——20 ] —e—30
o - —A—25 - —a— 100
= ] ]
=
o0+ r—7T— 7T T T+ T T T T

T
0 2 4 6 8 0 2 4 6 8 10 0 2 4 6 8
i 3] Time (d)

El1 #HE (psu,A) RE (°C,B)FARIEE (pmol m2s™,C) WMEERFEEKNOHZM

Fig. 1 Effects of salinity ( psu, A ), temperature (°C, B) and light intensity ( umol m™2 s™', C) on the growth of

Prorocentrum donghaiense

R, BLIRAERT 30 pwmol m™ s~ B XK 16 14 TG 2 3 52 M0 ( P>0.05) o {HYOEREERE N 2 wmol m™ 7", HJIR
Fi 15 P 9.405 fmol h™' cell™ | W EML T H B ML (P<0.05) (& 2C) o R X i 40 f IR B 15 ME f S min e/, 3k
J& N 25—35 SEIG A B KRS P T 11 fmol h™" cell ™, 355 T ER % 20 F1 40 525040 (P<0.05) (A
2A) o ARV RN AR AL (C/N) SEERZE R B IR . 15 CSEER4H C/N HE l 11.06, /N T 20 F1 25 C 5256
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Table 1 Effects of salinity, temperature, light intensity on Carbon /Nitrogen ( C/N ) ratio of P. donghaiense

I e o RS bR
| WA 2 i WPHER B AILERIE 2
AbPELZH Treatment group § . . . Standard deviation
Carbon content % Nitrogen content % Ratio of C/N X
of C/N
EhE Salinity/ (psu) 20 24.02 1.13 21.26 0.876
25 31.01 1.48 20.95 0.743
30 29.94 1.36 22.01 0.699
35 32.47 1.42 22.87 0.823
40 28.86 1.17 24.67 0.847
W Temperatrue/ (°C.) 15 37.16 3.36 11.06 * 0.7
20 47.64 1.85 25.75 0.85
25 47.46 1.98 23.97 0.79
Y8 Light intensity / 2 5.54 0.68 8.15 = 0.47
(pmol m™2 s71) 30 27.55 1.33 20.71 0.49
100 44.97 2.14 21.01 0.56

# 7R P<0.05, S HABLLHIM L, A7 W 2% R
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Fig. 2 Effects of salinity (psu, A), temperature (°C, B) and light intensity ( umol m™2 s™!, C) on urease activity of P. donghaiens
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Fig. 3 Effects of nitrogen sources on the growth of
P. donghaiense

(a:500 pg NaNO;-N « L7';b:500 pg CO(NH,),-N - L7!;¢:500
pg NH,CI-N - 17! ;d:250 pg NaNO;-N - L™',250 pg CO(NH,),-
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Fig. 4 Effects of nitrogen sources on urease activity of
P. donghaiense

(a:500 pg NaNO;-N - L7';b:500 pg CO(NH,),-N - L™';¢:500
pg NH,CI-N - 17! ;d:250 ug NaNO;-N - L™ 250 pg CO(NH,),-
N L7';e:250 ugNH,CI-N « 17! ,250 pg CO(NH,),-N - L7,
167 wg NaNO;-N « L7167 ug NH,CI-N - L™! 167 pgCO(NH,),-
N-L
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Fig. 6 Effects of nitrogen source conversion on urease activity of
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Fig. 5 Effects of nitrogen source conversion on the growth of P. donghaiense
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HIAAE T A R A AR KA EE 5 Rl BB B Fh I o] L2 985 P 38 19 2 K 32 B3R B8 4 (- e 3
B FRRDL I

AFREE R W, 25 °C I 2 1Y S R B S PE 52 = T 20 C A 15 CAH (&l 2B) . FRATHYETIHAT 58 &
BR, 4596 J5 8 A IR TG MEAE 15—70 °C 22 [H] i 25 TRLBE A T e 1T 48R , 23R Bk 51 80 °C LAJG , IR TG M S e
iU AT RE A SR DR R IR — AR E PR RO B0 BFAME A R T RS Pt BUE R RS
E S AER IR HL AR PR 2R A S W R A B B SRR B A 2 X R AR
B AR —F, AR P IR 5 TR 1) TE A DG OC R T R R AE AR A B B s LRI 7K TR A IR
TP A K 08 KIS FREh S B, 4R 9 I i o PR 28 O WA AR S A B () T /K R A v B, PR A ) A
P X FRER A S ] O AR © 2 J0 0 R AR K TR 2, LR, X AR 2 W I RE 5 AT AR SRR
U, SN 7 06 J R E L A S SR . AR, AT WIFSR A8 |, FE GRS A DL 38 () K A e R 22 R WS 5 L 22

http ; //www.ecologica.cn



6 4 SRR A BRI DR RS AR IR D P 9 A A R R T P )2 1) 7

P AN AE Chesapeake 751 Neuse 1] AU IR 8198 & 30, 10—25 °C 365 6l 4 13N B FY 4 ( Prorocentrum
minimum ) % PR 2 (WL SCR AR AR 4 DRI V3P i O T T 1 Yo 5 P 0 7 2R T A R T S 1

LI TR B, AR IR R EEAE 30 pmol m™ s DG IEBREE T AR A KRN B BR TR K
T H A AR P T R o K R A T BRI DR AR LIRSS, 7E 30 A1 100 pmol m™* s DL
WS T AR R e KPR B 225 (HAE 2 pmol m™ ™' MG BB K (| 1C) . ATRERY IR A
T, ARV O PR 2R A WAL 5 B FE BB i e PR 2R A B Tl 56 A, PR DY 9 AN A2 LA SR 3 200 JH 0T PR 3R 1 T
gte22m Sy T AR IR AR BT AR i S8 A 1 SR R AIC, RIS DR R G A 2, i S 7R S IR I K
BRI SRR B AR IR G IR (2 umol m P s ) Z TR, AR VA D i 20 R
PEAAEFAE RS 7K F- (9.405 fmol h™' cell™ ) R BAMEAN M AEAF T AR 19 5600 T eSS 47 2 Ol R R IR K (A
2C) o M EEANME AR A BT oy 8.15, W3 m T H B A A (3R 1) , RIMIOE IO S6E 1V HT Y52 i T %)
R FE 2T D FH S e (KOG B R AR X PR R B WIS RE 0 % T 4ERe R A A AF B B AR R T 3L

ZR it Y R BT N R, O 20—40 psu 38 FLAK IR EEA T 25—35 psu Z )10 AN 5 4k
JETF AR 2R, NG 075 S AR LR I 7 > 3 B Y A 2 R AR AR 2/3 B XA KA I Y
PRI S A GE IR, 0B X 4% 6 JA PR S DR G 0% 1k 2 A K (181 2A) o #R S 25—35 psu 5544 F ARt
Jir P S JOR T 7% PR A e, R 20 R 40 psu 119 52 95 2H R it 7% 1A BT REARR (BT 2A) o T HEZK AR 9 36 323 il — e A
T 2535 psu ZIa] A FI) T AR i H 30 PR ZR IR SCRI R ]
3.2 FIEN AR IR S R 1 2 )

TEAWFIEE B 6 TSR] B —B0R A AR S E T, AR D PP 3 %) A R 50 0 4 i 285 188 34 25 S AN R (A
3) , RBIZR P R T [ B IR R AT R G B A AL SRR A58 & 3, Tl e e B 2 R /U
FFABLE], For st NH W SGHE S5 K, X NOS R FNR A 23R MR 1 S R T i 22 52 534k R E
H 79%( Prorocentrum. lima) ZawiilYy NO; \NHZ JRE R E— (TR Bt ,Eﬁ%jﬁttiﬁﬁ%%ﬁ%@%%uﬂ o

AT R I, FEAN R RIR ST A 16 i FP S 0 DR 0 M S s R IRl A AR e e 3 (18 4) B 58, AR R
BEMRBEE PR T PR AR R, IR IR S IR R E R IEMOCE R, TR AR SR b R RH A
A d5c e DR 12, NOS  NH 4 9 Ik il 97 P B A e R A i UK TR & JIR A T2 H ZE (K 4), H
AR T IR KR P TEALAIR NH; NO; A7 25 15 S5t TP S DR M 2 B & g mdE R (I 4) o TERR
S, BRI P07 JEA S5 BT B A5 0 A58 O 0 S E DL, 724 01
R 2 A R SRR WRAEHEA 2. T EL, o2 NOS , NH AHIRBS A 1 . W9zt
RN, AR NH; A DRBEE HELR 2 BT NOJUL( B 4)  ThiAE R FE S s2 56 vp | RIAH S50 5 I 17
IR B NOSA  NH 2 IR GG EATS R 0 28 i 0K, L mey 1o 3 2 9548 (181 6) o o8, FRATTE R BIAE Ak =
AT AR I Y JOR Tl % P B S 0 TR SIS I, BT S 2 AR T D P S DR 1 2 i 1T T (1 6) o U
BRI A R C AT, KR AR B b 3 AT 1 AR T B e AR

Solomon F1 Glibert IBIFFY 7 , 781 A7 Rt 0 7 IR AR v, ok it A Rty 356 2k 17 33 2 o AR 0 A2 R0 ) 9]
5, itk N AR 2 3E (Karlodinium veneficum ) £ NOZ FlPR 2 H 4 JIR B 15 PR 22 LU AE NH Rl SA B
GER I, AE N YUERHT I D7 LS IR MRS it B AR A S PRI A A0 IR 0 1k = IG5 NOS  NHE VR
JER GRS S S TRATTR ARV SR T 4 R — B, R, NOS R NH AT R RS R AT R
Wit SR AR IR A A I 285 A s D 8 A 25 S L AN BB ( Heterocapsa triquetra ) 76 N H ) JIR it
WPEE e NOS RIR R rpig 0 2R o, B R BF 8 o 98 4, Ui = BPR 3R R 9% 1 SF I D oK
(Alexandrium fundyense ) WRBEE Y5 , NH K 2, 1M NO; o 8RS B IREG G 1 59 4G SaE 48, — Rkl
G553 ( Thalassiosira weissﬂogii)%@ﬁfﬁ‘@x%ﬁ%iﬁ%{m , T[] ol %) JEE 2 9 e o NO;EI—Fﬁ?ﬁEJ%Bﬂ o
I RSO AR ) JOR T A P 0T 4 P RT RE B A R RS e e, A R — 20T

R A ARELICR A BRR IR R AT R GG AN, K PR A R KA A A B AU Y B A

http ; //www.ecologica.cn



8 S % 36 &

BT o AR ZS BOUESE /R | X SR U T NS T Sl A AL AT RE A 17 Ui AR ) R P 45 4, L 7 R Y R
WA ARBFTOIESS  FETCHL AR Z A PR BE A AF T | AR T i P S R A P 8 3 i L S5 /K R IR R
WHE R IEARSCOR AR o A B AR, ZR 105 H B S DR A AR TR — i o 0 A9 8 3 5 4 SR, HEAE LA DRA
RIS LR TR A ILSECIR , DT A 280 e B IR A A5, 7E B IR 4 b o A ML A6

S 2% 30k ( References) ;

[ 1] ZE5s. Mg iR ol A ) — AR A A5 I IR R RS, 2009, 28(Z1) : 65-69.

[2] ZREESS, Bhishsg, B, JR40>2. 2005 4R R0 VLT i 59 0 IR 4 fiF B JC 0 RS AR e Dt R S8 0% 00 24 A Y B2 ). TR 24 41, 2009, 31
(6): 31-39.

[3] fhy, E85, oL, §Ims, Bkl AP RIS 5 (R SR A K A e . ch ESREERLS: | 2012, 32(3) : 504-509.

[4] HuZ, Duan S S, Xu N, Mulholland M R. Growth and nitrogen uptake kinetics in cultrued Prorocentrum donghaiense. PLoS One, 2014, 9
(4): €94030.

[ 5] HuZX, Mulholland M R, Duan S S, Xu N. Effects of nitrogen supply and its composition on the growth of Prorocentrum donghaiense. Harmful
Algae, 2012, 13. 72-82.

[ 6] ZEWd, KWL, BRA, AWEH, BRIGT. ARG AE Y RN E] 58 5 09 FEIRE 9200, B A543, 2003, 14(7) : 1049-1054.

[ 7] BeWise, R, R, 5. REE ShEEXTHG IR B A R A ih BOH S T i i ARl Y He . TRl 2 g | 2005, 23(1) : 60-64.

[ 8] Solomon C M, Collier J L, Berg G M, Glibert P M. Role of urea in microbial metabolism in aquatic systems: a biochemical and molecular review.
Aquatic Microbial Ecology, 2010, 59(1): 67-88.

[ 9] Collos Y, Gagne C, Laabir M, Vaquer A, Cecchi P, Souchu P. Nitrogenous nutrition of Alexandrium catenella ( Dinophyceae) cultures and in
Thau Lagoon, southern France. Journal of Phycology, 2004, 40( 1) : 96-103.

[10] Kudela R M, Cochlan W P. Nitrogen and carbon uptake kinetics and the influence of irradiance for a red tide bloom off southern California. Aquatic
Microbial Ecology, 2000, 21(1): 31-47.

[11] Glibert P M, Harrison J, Heil C, Seitzinger S. Escalating worldwide use of urea—a global change contributing to coastal eutrophication.
Biogeochemistry, 2006, 77(3) : 441-463.

[12] &7, Begkil, 205, XWREE. IR B E AL SRk A R R, R4, 2005, 25(7) : 1782-1787.

[13] Collos Y, Vaquer A, Laabir M, Abadie E, Laugier T, Pastoureaud A, Souchu P. Contribution of several nitrogen sources to growth of Alexandrium
catenella during blooms in Thau lagoon, Southern France. Harmful Algae, 2007, 6(6) : 781-789.

[14] Dyhrman S T, Anderson D M. Urease activity in cultures and field populations of the toxic dinoflagellate Alexandrium. Limnology and
Oceanography, 2003, 48(2) : 647-655.

[15] Harrison P J, Waters R E, Taylor F J R. A broad spectrum artificial sea water medium for coastal and open ocean phytoplankton. Journal of
Phycology, 1980, 16(1) : 28-35.

[16] T, IMURI, Bigil, 2205, Sk, EPemese RS PRI RE )y ik i SRR BT, b EERBER: 2010, 30(5) : 689-693.

[17] LiY, Li SH, Jiang TJ, Xiao Y P, You S P. Environmental factors and seasonal dynamics of Prorocentrum populations in Nanji Islands National
Nature Reserve, East China Sea. Harmful Algae, 2011, 10(5) : 426-432.

(18] BREgAR, BMUME, SRAGHS, ARTESS. 2004 4 A5 e A i I3 A oA . AR5, 2006, 25(3) : 226-230.

[19] ERR, BEA, RULE, WINEL, HBEE 25, 2k S B 30 T A4 S O R o i A% B Rh B A 1 R S5 b (] 52 4 A 90 8 VR R 2t e
2006, 24(4) : 495-503.

(20]  EBHE, NG FAG IR B0 A AT B AR N T LA A 52241, 2003, 14(7) : 1065-1069.

[21] Siuda W, Chrést R J. Urea and ureolytic activity in lakes of different trophic status. Polish of Journal Microbiology, 2006, 55(3) ; 211-225.

[22] Solomon C M. Regulation of Estuarine Phytoplankton and Bacterial Urea Uptake and Urease Activity by Environmental Factors[ D\|. Maryland:
University of Maryland, College Park, M D, 2006.

[23] Lomas M W, Glibert P M. Temperature regulation of nitrate uptake: a novel hypothesis about nitrate uptake and reduction in cool-water diatoms.
Limnology and Oceanography, 1999, 44(3) : 556-572.

[24] Fan C L, Glibert P M, Burkholder ] A M. Characterization of the affinity for nitrogen, uptake kinetics, and environmental relationships for
Prorocenirum minimum in natural blooms and laboratory cultures. Harmful Algae, 2003, 2(4) . 283-299.

[25] PhNEME, EEK, ZHERE, TRA, TEZE, RAER, RGN, IR /R R SR8 A PR L. BRIEFRL S, 2008, 29(2) -
362-367.

[26] Beckers G, Bendt A K, Krimer R, Burkovski A. Molecular identification of the urea uptake system and transcriptional analysis of urea transporter

http ; //www.ecologica.cn



6

SRR A BRI DR RS AR IR D P 9 A A R R T P )2 1) 9

[27]

[28]

and urease- encoding genes in Corynebacterium glutamicum. Journal of Bacteriology, 2004, 186(22) ; 7645-7652.

Cimbleris A C P, Caceres O. Kinetics of urea uptake by Melosira italica ( Ehr.) Kiitz at different luminosity conditions. Hydrobiologia, 1991, 220
(3): 211-216.

Kuwada Y, Ohta Y. Effect of salinity on hydrogen production and growth of Lyngbya sp. Joural of the Faculty of Applied Biological Science, 1994,
30(1); 13-18.

B, AR, XUGEAE, SKIEEY, ATPE. SR EUE XS R3S R R 3 ( Prorocentrum lima ) A2 K R P2 5 B 5L A, SRBERLE 243, 2008, 28(6) :
1186-1191.

Solomon C M, Glibert P M. Urease activity in five phytoplankton species. Aquatic Microbial Ecology, 2008, 52(2) : 149-157.

Peers G S, Milligan A J, Harrison P J. Assay optimization and regulation of urease activity in two marine diatoms. Journal of Phycology, 2000, 36
(3): 523-528.

Lomas M W. Nitrate reductase and urease enzyme activity in the marine diatom Thalassiosira weissflogii ( Bacillariophyceae ) : interactions among
nitrogen substrates. Marine Biology, 2004, 144(1) . 37-44.

WHE, K, BRI, B8, BIECR, ST BRI R B IL R BUR R 5 IR Y IR A . A2 0E R, 2013, 33(15) .
4575-4582.

http ; //www.ecologica.cn



