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612
(Mackey et al, )
1996) , 19'- (19'- ,
hexanoyloxyfucoxanthin, Hex-fuco) 6
s s 19'-
(19'-Butanoyloxyfucoxanthin, But-fuco)
s (Wright et al,
1987; Zapata et al, 2004) , CHEMTAX 1
, Hex-fuco 1.1
a(chl a) , 6
But-fuco (Mackey et al, 1996; Wright
) 1 28S rDNA ( )
et al,2010; Gibberd et al, 2013) 2019 !
2015, ), L
, 0.22pm
> LED ,
Hex-fuco, ’ 40pmol photons/(m2~s),
But-fuco, Hex-fuco, 14h - 10h, (20+1)°C,
x1 LEPRAR 6 IRIKEARRRERER
Tab.1 Information of the six strains of P. globosa
PG2016
PG2017
PGDH
PGDAB
GY-H37
CCMP628 NCMA
1.2 ;
( 2 DHI ,
Sigma 8- -B, w-
(Apocarotenal) (Internal Standard, IS) , , -80°C
; 1.4
Millipore ) >
1.3 )
6 ,
s s lcm
) , 1.4
25mm  GF/F , ,

, 10pm
GE/F
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3
x2 TRPAIMRERERIIR
Tab.2 List of pigment standards used in the experiment
19'-Hexanoyloxy-4-ketofucoxanthin 4- -19'- 4k-hex-fuco
19'-Butanoyloxyfucoxanthin 19'- But-fuco
19'-Hexanoyloxyfucoxanthin 19'- Hex-fuco
B,e-Carotene o- Be-Car
B,B-Carotene B- Bp-Car
Chlorophyll a a Chl a
Chlorophyll ¢, [ Chl ¢,
Chlorophyll c; c3 Chl c3
Diadinoxanthin Diad
Diatoxanthin Diat
Divinyl-Protochlorophyllide Mg-2,4- as MGDVP
Fucoxanthin Fuco
Methy-chlorophyllide a a Me-chlide a
1.5 ®3 FHEVERSYRBRESFH BB ZTHE
bR
1.5.1 Zapata (2000 Tab.3 The gradient elution program used in the HPLC method
, 95% , for pigment analysis
, Imm , (min) A(%) B(%)
1.5mL , 1400uL 95% 0 100 0
100uL A tenal 22 >0 >0
, n pocarotena ’8 20 %0
, 0.22pum 43 5 95
, 800pL 1.5mL 43.1 100 0
i 160pL ’ ’ 45 100 0
1.5.2 HPLC Waters E2695 i AW,
ot A (M)
s apata Ap .Wis
(2000) , Waters (C,, ng/L) )
Symmetry C8 , 3, A, W f;s 4
A s (50:25:25, V:V-V), B C,= (2)
Ais : Vﬁlt Ablank
(20:60:20, V:V:1V) 100uL,
. 5 Ais 5 VVI 5 Ap
45min Waters 2998 R
5 Wp 5 Vfilt 5
440nm, 300—750nm
Ablank
1.5.3
1.6
Waters Empower 2
, Apocarotenal
t
’ : P<0.05
, 2
) 2.1
(f)) ,

(D
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Fig.1 Relationship between total cell number and the size of colony for P. globosa
ca. 5 :b.
x4 HKEGEREAARESHSEARERNEYIMHLE a- (Be-Car)  B- (Bp-Car)
72
Tab.4 Regression curves established between total cell number » Fuco chl 4 ’
(Y) and the diameter (upm) of colony (X) for 5 strains of P.
lob
gloposa 6 s Fuco
R2
chla , But-fuco,
PG2016 ¥=0.0076Xx >'** 0.9931 Hex-fuco
PG2017 Y =0.007X %122 0.9480 4 Hex-fuco,
PGDH Y =0.0144x "% 0.9579 3
GY-H37 Y =0.0093X %145 0.9287 PG2017 GY-H37 CCMP628 Hex-fuco
CCMP628 Y =0.2477X 7012 0.6491 But-fuco,
¥ =0.0079.x 21271 0.9710 PGDH But-fuco Hex-fuco 2
PG2016 PGDAB Hex-fuco 4k-hex-fuco
22 6 Hex-fuco , Hex-fuco 4
4k-hex-fuco,
> ( 2) s
c3(chl ¢3) Mg-2.4- a5 6
(MgDVP) C2(Ch1 Cz) a ( 5) , PG2016
(Me-chlide a) 19'- (But-fuco) , lem, ,
(Fuco) 4- -19'- ,
(4k-hex-fuco) 19'- (Hex-fuco) ,
(Diad) (Diat) a(chl a) PG2016 PGDH PG2017 , 3
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Fig.2 Chromatograms of six P. globosa strains (absorbance detected at 440nm)

:a. PG2016; b. PGDH; ¢. PG2017; d. GY-H37; e. CCMP628; f. PGDAB
1. chl ¢3; 2. MgDVP; 3.chl ¢,; 4. Me-chlide a; 5. But-fuco; 6. Fuco; 7. 4k-hex-fuco; 8. Hex-fuco; 9. Diad; 10. Unknown carotenoid; 11. Diat; 12.
IS; 13. chl a; 14. Be-Car; 15. Bp-Car

, chl a
(0.0585—0.236pg/cell) , Fuco (0.0478—
0.205pg/cell) , Diad (0.0031—
0.0155pg/cell) But-fuco (0.001—0.015pg/cell)
4k-hex-fuco (0.005—0.012pg/cell) Hex-fuco (0.002—
0.01pg/cell) Me-chlide a (0.0036—0.0087pg/cell)

Bp-Car (0.0007—0.0067pg/cell)

0.0092pg/cell)

Hex-fuco 4

, PGDH

, CCMP628

But-fuco

chl ¢, (0.0009—
chl ¢; (0.0008—0.0107pg/cell) Diat
(0.0002—0.0023pg/cell) MGDVP (0.0006—0.0013pg/cell)

Be-Car (0.0002—0.0012pg/cell)

Hex-fuco
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PG2016 , CCMP628 , chl a
2.3 ( 0,
5 s Fuco
(Hex-fuco, But-fuco, 4k-hex-fuco)
s chl a R PGDH PG2017
c ( : chl CCMP628 Diad/chl
¢3 chle, MgDVP) , a s Diat  chl
a >
, (pe-Car, Bp-Car) chl a
s >
£5 AHEMEERARAEEARS S BRR
Tab.5 Cellular pigment composition and content in the six strains of P. globosa
(pg/cell)
chles; MgDVP  chle, Me-chlidea But-fuco Fuco 4k-hex-fuco Hex-fuco  Diad Diat chla Be-Car  Bp-Car
PG2016- 0.0019 0.0013 0.0054 0.0087 0.0158 0.1720 — — 0.0155 0.0023 0.2360 0.0012 0.0067
PG2016- — 0.0009 0.0009 0.0058 0.0104 0.1140 — — 0.0094 0.0018 0.1550 0.0011 0.0046
PGDH 0.0107 0.0006 0.0092 0.0027 0.0065 0.2050  0.0093 0.0020  0.0099 0.0005 0.2050 0.0008 0.0036
PG2017 0.0018 — 0.0012 0.0040 0.0021  0.1060  0.0125 0.0065  0.0059 0.0009 0.1260 0.0006 0.0028
GY-H37 0.0026 — 0.0010 0.0036 0.0014 0.0478  0.0052 0.0071  0.0031 0.0003 0.0703 0.0003 0.0012
CCMP628  0.0024 0.0007 0.0019 — 0.0012  0.0485 0.0074 0.0095  0.0032 0.0003 0.0622 0.0002 0.0007
PGDAB 0.0008 0.0007 0.0100 — 0.0105 0.0772 — — 0.0071  0.0002 0.0585 0.0008 0.0019
F6 AMKEEEZEANBESARTHMER/MER o LEREL)
Tab.6  Ratios of pigment-to-chl a for colonies and free-living cells of the six strains of P. globosa (mass ratio)
(x107) PG2016 PGDH PG2017 GY-H37 CCMP628 PGDAB
chl ¢s/chl a — — — — —
81.0+0.69 49.4+10.7 60.2+15.9 103.0+40.4 19.6+4.41 13.8+1.53
MgDVP/chl a 5.92+1.63 — — — —
5.66+1.23 2.64+0.39 — — 11.4+3.00 11.4+0.52
chl ¢,/chl a 5.934+2.82 — — — —
22.8+16.6 31.0+21.1 17.8+18.5 33.1+24.9 26.5+21.2 6.06+6.09
Me-chlide a/chl a 37.3+8.10 — — — —
37.5+9.83 26.7+2.03 80.6+31.6 94.4+86.3 40.2+3.32 —
But-fuco/chl a 67.3+£6.89 19.741.93* 16.6+6.48 17.42+5.77 —
67.0+1.83 36.7+4.67* 21.5£5.44 45.0+34.7 29.1+4.89 180+11.3
Fuco/chl a 733+33.4 538+15.6%* 531+6.59%* 590+22.3 526+108*
733.+£37.3 835+91.6* 1081+242* 1403+973 1257+311* 1321£97.9
4k-hex-fuco/chl a — 23.0+1.87* 67.1+£7.53* 84.745.47 —
— 44.3+5.47* 139.8+35.7* 214+145 113+27.4 —
Hex-fuco/Chl a — 11.4+1.26 47.8+5.30 40.2+2.54 98.3+38.4
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(x107) PG2016 PGDH PG2017 GY-H37 CCMP628 PGDAB
— 12.3+3.63 67.4+16.6 104+73.8 96.3+20.9 —
Diad/chl a 60.8+3.58 41.4+2.12 27.4+1.86%* 38.5+6.91 —
65.7+0.99 50.9+6.52 76.5+171% 123+7.92 60.9+14.2 1224835
Diat/chl a 11.5+1.49 4.02+1.20 12.2+4.77 15.943.95 —
9.94+0.25 3.2440.13 10.6£2.55 16.2+10.3 4.53+0.72 3.08+0.68
Be-Car/chl a 6.93+1.76 4.35+1.55 — — —
5.28+0.35 3.81+0.16 3.97+0.93 1.87+1.05 5.98+0.48 13.2+1.10
BB-Car/chl a 29.6+2.50 24.1+6.46 31.0+6.84 — —
28.6+3.84 17.4+0.69 25.2+6.44 28.7+16.5 20.7+6.84 31.8+£3.73
1 * P<0.05
Hex-fuco , 3
3
3.1 ,  Hex-fuco But-fuco
(Jeffrey et al, 1994; Breton et al, 2000; Antajan et al,
, , 2004);
, CHEMTAX Hex-fuco, But-fuco (Seoane
Zapata  (2004) 9 ¢ et al, 2009; Zapata et al, 2004)
5 , I But-fuco
, Hex-fuco (Vaulot ef al, 1994) ,
But-fuco VIII
, Hex-fuco But-fuco s PG2016
, Hex-fuco PG2017 ) ;
, GY-H37 PGDAB
Hex-fuco (Van Leeuwe et al, 2014),
, (
, Vaulot (1994) 16 , 2019), )
, chl ¢ chle; chla CHEMTAX ,
S Fuco Hex-fuco >
Hex-fuco R s
, Hex-fuco  But-fuco Hex-fuco a ,
, chl c; , a
CHEMTAX chl ¢;  Fuco « 7 I, PG2016 PGDAB,
(Stuart et al, 2000; Muylaert et al, 2006; Hex-fuco 4k-hex-fuco, But-fuco/chl a
Fragoso et al, 2017) 6 ; I I Hex-fuco,
, chl c; , , 4k-hex-fuco Hex-fuco
; I PGDH Hex-fuco/chl a ,
chl ¢3(Zapata, 2005), 0.01; I Hex-fuco

4k-hex-fuco, Hex-fuco/chl a 0.04—0.1 ,
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*7 HREESAMKKEEERFEER/MER o LEREL)
Tab.7 The mass ratios of pigment-to-Chl a for five strains of P. Globosa in China
Hex-fuco/chl a 4k-hex-fuco/chl a But-fuco/chl a chl ¢s/chl a
I PG2016, PGDAB 0 0 0.07—0.18 0.01—0.08
Il PGDH 0.01 0.02—0.04 0.02—0.04 0.05
I PG2017, GY-H37 0.04—0.1 0.07—0.2 0.02—0.05 0.06—0.1
(Seoane et al, 2009; Liu et s
al, 2011; Van Leeuwe et al, 2014), Fuco (Schoemann et al,
Hex-fuco  But-fuco (Stefels et al, 1998) 2001)
3.2
) , ( ,
(Jeffrey et al, 1994; 2004; , 2000; ,2019)
Vaulot et al, 1994) ,5 ,
c , Fuco
chl a ; s
c , Diat (Be-Car, Bp-Car) chl a R
Buma  (1991) ,
Fuco/chl a 4
R c Fuco
Hex-fuco 4k-hex-fuco  But-fuco Fuco , 6 ,
Hex-fuco , But-fuco ,
4k-hex-fuco (Van :
Leeuwe et al, 2014) Diad Diat (D s
(Gibb et al, 2000; Zapata et al, 2004) 6
, Diad But-fuco, Hex-fuco 4
Diat, s Hex-fuco
s c Fuco chl a 5
, Diad Diat BB-Car
(Seoane et al, 2009; Van Leeuwe 2)
et al, 2014) c Fuco  Hex-fuco
a ,
s Diat a
, c
chl a ,
, , , (3) , Hex-fuco

, CHEMTAX
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CHARACTERIZATION OF PIGMENT COMPOSITION OF SIX STRAINS OF
PHAEOCYSTIS GLOBOSA

WANG Jin-Xiu"®, KONG Fan-Zhou"**, ~CHEN Zhen-Fan"®, ZHANG Qing-Chun"**,
YU Ren-Cheng"*** ~ ZHOU Ming-Jiang'

(1. CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 2. Laboratory for Marine Ecology and Environmental Science, Pilot National Laboratory for Marine Science
and Technology (Qingdao), Qingdao 266237, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China;

4. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract Phaeocystis globosa, a major red-tide causative species in the South China Sea, posed big threats to the local
aquaculture and ecosystems. Due to the co-existence of both free-swimming cells and big colonies of P. globosa, it is often
difficult to obtain the accurate abundance of P. globosa during red tides. Therefore, the CHEMTAX method is often adopted
to calculate the biomass of P. globosa using 19'-hexanoyloxyfucoxanthin (Hex-fuco) or 19'-butanoyloxyfucoxanthin (But-fuco)
as its representative pigments. To find out the representative pigment of P. globosa, we analyzed the pigment composition
and content of six strains of P. globosa with high performance liquid chromatography, of which five strains were isolated
from Chinese coastal waters. The results show that the pigment compositions of the six strains are largely the same, the
major pigment components are fucoxanthin and chlorophyll a. However, each representative pigment, especially Hex-fuco,
features own strain-specific variation pattern, and even the strains isolated from the same sea area had different pigment
profiles. In addition, we compared the pigment compositions of the free-swimming cells and colonies of P. globosa in the
ratio of each pigment to chlorophyll @, and found that the free-swimming cells contain more light-harvesting pigments such
as chl ¢, fucoxanthin, and Hex-fuco, while the colonie contain more photo-protection pigments such as diatoxanthin and
carotenes. This difference in pigment profile reflected their own unique light adaptive strategy. Therefore, the pigment
composition of P. globosa in the selected region of red tide monitoring should be examined carefully to determine their
most representative pigments to help monitoring P. globosa red tides using the CHEMTAX method.

Key words Phaeocystis globosa; pigment, HPLC; 19-hexanoyloxyfucoxanthin; 19'-butanoyloxyfucoxanthin



