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TSR 4 R ZD 1 FIZD 23K [ WiV T 48 W PE A )
TRESLEG % SF2 i I v K2 ™ M vt R I 1%
MF 1 FIMF2 pH 85 55 K 2 0 s 803 3% s SR b it
i, 5% [ESigma AldrichA & .

DL INE & (111575 75 BER(990 nmol/L KNOs,
57 nmol/L K,HPO,, 9 nmol/L FeSO,-7H,0, 54 nmol/L
Na,EDTA, 1 nmol/L MnSO,-H,0) ] K i# /K 1E A
I HI 2R AR K3 2, 76(2020.5) °C, 20 pmol/(m”s)
% HE R B, 25%0 11 2h B, 7E G IR E #1201 12D
HISAE T BEIR B 37 (7538200 r/min). fFEK % B IA
0.8 g/LIFWER, BEATHREFRATIN .
12 UFE5%F

AP KL ThREREAR4Y, L ThermoFisher
ON T WA R, 95 [ Hansatech 2 7 ; Y4045 TEEHL
(Z2ELABCONCOA #]); TSQ Quantum AccessiitH
o1 = H YRR 5 s A 2 A 248, 35 [ Thermo
Fisher ScientificA 7] ; Hypersil Gold Cg & 154£(100 mmx
2.1 mm, 1.7 pm, 32 [E Thermo Fisher Scientific/a 7).
1.3 AR&M/SERIEEFRLREE BRI

2 W Wellburns ™ i) 77 12 3 B B A 7] 4 i/
il R IR SR H 2R 2 K a(Chl. o) FIZEEH
B NE(Car) . DABE AR OO E B SR R R AE
750, 665, 652, 510F1480 nmAb KW A8, LA

100% FEEAE 972 O I . ARE A 2075 Chla A
CarlfJ 5 f:
Chl.a (mg/g) =
[1629 X (A 665_A 750)—8.54 X (A 652_A 750)] XV
1000xFW
Car (mg/g)=
{76 X [(A 480_A 750) —1.49x (A 51()—A 750)]} XV
1000 x FW
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645 nm AL OGAE, AREER 22 vl A v = Bk L.
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PE (mg/g)=
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1000 xFW
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AT LRI 150 B TR R R
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FEANE] Ao/ it 2R 22 ARAATAE 100 mLAETE R b R
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W, THEANR] i b/ i R SR LR A A T 2R
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RGR =In (W,/Wo)/t x 100

A, W RV EA B (mg), (5 7RI Al (d) .
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p

21 FEIRM/BRIZERLRFPAERE
FEAN[E) f M/ i AR IR B 2 R, B
AN EEBUEALEAMBEREEANEGE D. X




539 Wi R A8 AN R 3 SR S L2 R A A PR ) LI 1069

b S22 R B, ZD2 B MF1IRTE 41 4 (A &5 fE
NEFE, ¥ET6 mg/g, MZDURIMF2H [ 2 U3
KT 4 mg/g. XTHHEEEERASE, MF2HR & 21X
2N0.63 mg/g, MHRAFILR AP EEEA T E
BT 1 mg/g, HUAMF1S s {E5Fh 2R 1K
i, ZD2 M SR R a B B, (AR MR A ER
fiX; ZDIFIMF2 HF [ SR R a & B RAREREA S b
E T
22 AE&M/GBRIZERLKRENELEHE
RE

X Hr B8 S 22 AR AR R ) 7 A TR R AT A
I, R IRAN ] St it 2 22 Rk 2 R 22 SR (B 1)
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Tab. 1 The photosynthetic pigments contents of different
varieties/strains of conchocelis of N. haitanensis (n=3)

by e % z
n:]ﬂ]{uu/z% W4T (1PE WS 2R [ PC MeRRa  RHE MR
ariety/ (mg/g FW) (mg/g FW) Chl. a Car
Strain '8 '8 (ng/g FW)  (pg/g FW)

N =]

’*ﬁzzf)lf 3.93£0.11" 1.28+£0.04° 147.81£1.80° 75.33+2.43"

N —

**ﬁzzf)zf 6.2240.14" 1.21£0.03° 156.32+2.52" 48.60+1.46°
e A

E‘ﬂgﬁﬁ 5.5040.13° 1.02+£0.02" 151.19+1.67° 55.87+1.92°

ISHI\TFII? 6.93+0.32°  1.35+0.02° 152.39+1.82" 58.60+0.57°

'ﬂl\izf 3.4240.65° 0.63+0.02° 149.8142.22" 65.98+1.09"

e RNEEVERE, WA AN R R R AR
Z 5, P<0.05,n=3. T

Note: Least-significant difference, different lowercases in the
same column indicate significant differences, P<0.05, n=3. The
same applies below
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Fig. 1 The net photosynthetic oxygen release rate in conchocelis
of different varieties/strains of N. haitanensis

ARFRFRFAEREZR, P<0.05,n=3; T
Different lowercases indicate significant differences, P<0.05, n=3.
The same applies below

ForhZD2 1 A 15 S 2 A X A i o/ R
B (P<0.05), i£%]30.96 umol O,/(g-h), ZD 1Al
SF2AH L ZD2 i 2 B (P<0.05), MF1 MISF22 [8] 2
AR E (P>0.05), [EMF21)15 6 A TR 3 R A
H AR AR 2R B, B35 BK(P<0.05), 1
23.07 umol Oy/(g-h). HHILTI A, ZD1FZD2JEH /2
ZD2[PF 6 A TR RE JT U, MF25 55 o
23 FRIMmM/GRIZEFRLR AN E KL

TE 508 A K S TR Sl Im 520 2 R AR A7 85
7, ARV (] EOREAS U L AR KA . B 280K, ZD2
FISF2 (148 K 4 vl i, FH R AR Kol 2 43 531 A 2]
0.93F10.81%/d, % H & 2V UHAE 1) 1.3715F11.42
o ZD2MAHN AR KR B 3 T HAt ) LA (P<0.05),
SF2. MF1XMF222R 44k 2 8] 2 5 AN i 2 (P>0.05),
ZD 1M A KH R H0.69%/d, B8 EHIARE I
1.365%, ASH LR AR, Bn A, KI5 TH
ZD2RISF255 L34, ZD1 A K it N 2218
24 ATEMMW/GRARIZERLREPLLERESE
=R

SAS IR/ REZRE A ERE T S ' ERE
IR 3). FESANERFP/ R, ZDIFIZD2 AL
FENEE BB, 40 95.23 mg/g FWAIS.82 mg/g.
ZD1. ZD2FISF2H DL S 41 b5 o £, HZD2
HH ) e £ R 2 B R (P<0.05), 45.38 mg/g
TEMRIC. MFINIMF29 DLALEREE 3, W&
T R AR3FI L ARAR(P<0.05), 1H 7 41 BEREH 5 B
Feh M2 203808 1 2. 2 = TMF 1, 14 52,43 mg/g
(P<0.05). SF2LARIALLEEREH & 8100.31 mg/g.
25 TRGMHBAIEERLKREFMAASETE
=5

M 47 H1, MF222 4R 4% 41 Shinorine MPorphy-
ra-334 1) & BB m T R R R, 30N
4.27 ng/g DW(TH)F118.67 ng/g(P<0.05). *fLb
Shinorine % &, 7] UL F HZD1FMZD2 5 & 2 F 1K
T HA35(P<0.05), ZD2MISF2 /) 2 7 A . 2% (P>
0.05), MF 1% & AR H AR 3Tl 22 IR A B 155 (P<0.05) o
X} EbPorphyra-334 ¢ &, A AMF2H [ & & B 31K
H(P<0.05), F A4 I TC i 35 22 5#(P>0.05) .
26 AFERIMMW/GBARIZERLEZRENHEZESEER

TESTP L2 AR AR rp LR DU 21 57 M AR e L 57,
IR . RAFE KRR EFMEE RN B ECER,
HURKXERZZE R EZERZABRSTERNFEE,
HAe2M R &2 /N1 ng/g DW(E 2). MFI
AIME2rF (1) s R R & BT R34
RIE(P<0.05), MZD2H & & i F &, N662.52 ng/g.
FESFh LRI R R SF2HIZEE R NER & &K T
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100 ng/g, HRZEZD2MZD1, MMF1FIME2 &
BRZESTHR3M(P<0.05), 735k #]2325.0941
6927.66 ng/g. T LLFE H, ZDAISFIIx 32 22 4R 4
THEMRREREZEGHRLZ, ZE5E2WNERD, If
H.ZD) 57 30 BRI e 55 5 AH X 20, TTMF &4 1)
FTEREEERNEE.
27 ARG &RIEERLREEIBIEFRAIHE
x4

XFSAN fb B/ i 2R 22 MR AR R 40 2B B F b E AT A
KA, B ST, €3 I AL R SR R
a5 A R e AR A IEA (A R R B
rH0.44—0.61, P<0.01), #4185 [H S50 A KR
5 IEA 2 (=0.66, P<0.01), M4t FKa 54
K3 % v B IE A 55 (7,=0.98, P<0.01), XM, K%
N R 5 A TR 2R A AR K SROR B IE A 2%

A 300

—=— 7DI
250 | —o— ZD2
=
= 260
w
& = 240
5
(%]
Z 20

4
£

200

HHRRE
Time (d)

K FR(=—0.41F1-0.97, P<0.01); MAb, 155 L RAK
35 6 A TR 2 5 A AR K R 2 P IE A
K(r=0.54, P<0.01). ZL 3805 20 308 5 4
XA Kl 2R 35 00 B WA R M (r=—0.16A10.26,
P>0.05), 4M R IR T R RAEREZZES
AEO ARG 2R 2 e B A 90 (7=0.55, P<0.01), HR
3PS R TTC R FE A M. 25 b, BT IR
NERAMO3F R, TUH RS K a, £ E
AT 2 1) OB, A0l 8 3R WA AE — 8 I AH DG 1, T
CLIEREE 54 KR EEARAAFAEA M
3 g

IWERENM B 2 L. i, RAER
B ERR N E . LLInSF2R I H B & it =
T AR B I S5 R M MF LRIMF2 BT 1=

B 12

a

quijJb;

—
(=]
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Fig. 2 Growth curves and relative growth rates of conchocelis of different varieties/strains of N. haitanensis
A. KN ZE; B, 16din AR AR Kd A
A. the growth curve; B. the relative growth rate of 16d
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Fig. 3 The content of floridosides in conchocelis of different
varieties/strains of N. haitanensis

LTSRN S ), ROV CRS 75

Floridoside (lowercases), isofloridoside (capital letters)

#r [ Shinorine ~ [ZAPorphyra-334 B
16 df
2
) 8 a /
o ® 7 ==
az 7
212
15
@]
0.8
0.4
0
D2 SF2 MF2
ﬂﬂﬁ/uﬂ / S
Variety/strain

Bl 4 ANIR] AR/ R IR B HZIRIAMAAS & &
Fig. 4 The content of MAAs of different varieties/strains of
conchocelis of N. haitanensis

Shinorine(/N'5 %= #}), Porphyra-334(K 5 7 £})
Shinorine (lowercases), Porphyra-334 (capital letters)



539 Wi R A8 AN R 3 SR S L2 R A A PR ) LI 1071

IR AN PR TZD LA & 7= B A5 1
TR R AR T IR e bR R T
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Tab. 2 The content of plant hormones of different varieties/strains
of conchocelis of N. haitanensis

o %25 & & Plant hormones (ng/g DW)
an i an R

iety/strain 5 RARIRE 5 KA TR EH 25 E N
Variety/strain M ZIP HIPA HTZR B K@EBR

why S 0% g s
whowan Sl 06 cmme i
wiae O 0T meke S
w0 O 2T ame
w0 0 e enee
o g
5] )
2 g E
5.3 :
ET S o
3 g '§ é ~ %
Bt EE2ERENE 2
.... ez | e o . - . PE
BBl -«
... wr [on] 4s . . . Chla
. Wk kR R . o . Car
.... o ... Photosynthetic rate
.. ok . Floridoside
. .. Isofloridoside
- x ZIP
ok IPA
EEE
B =
- - . Relative growing rate

-1.0-05 0 05 1.0

Bl 5 SR SR L RARANIR] S/ ity 2R 6] AR BRARBRAR S 43 #r
Fig. 5 Correlation analysis of physiological indexes among
conchocelis of different varieties/strains of N. haitanensis
P<0.05, BB EZERLE, TP<0.01, ZRWEE. MERK
>0, B & B IEARIG rIZENTE H0—0.3, R FEARAAM K,
0.3—0.5, KRR ME; 0.5—0.8, HBEAHICHE; 0.8—1.0, w5 FEAH
K. PE. #4HEH; PC. #IEHE H; Chl. a. %% a; Car. K]
N, ZIP. 5O BRI IPA. 5 IR AR TZR. RAEK
ZHF; BR B KA
*P<0.05, significant difference between the two variables, **P<0.0l,
extremely significant difference. The correlation coefficient 7>0,
the two variables are positively correlated; The absolute value of »
is 0—0.3, indicating basically no correlation. 0.3—0.5, low corre-
lation; 0.5—0.8, moderate correlation; 0.8—1.0, highly correla-
tion. PE. phyloglobin, PC. phylocyanin, Chl. a. chlorophyll a, Car.
carotenoids, ZIP. isoprene adenine, IPA. isoprene adenosine, TZR.
trans-Zeatin-riboside, BR. brassinolide
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Ko 2% OE M, IF SR A (TR G R af SRS
ORI A KB YIMIE . X 5 bt R s
222 9 0% DLHD L RB O B R T G R ath 2,
I AR TR (I SR AR R A . 6 L SAS SRR/
EhRLRAR T, ZD2. SF2AIMFIEE S & E 5 &
BT R AN 2AN R, L4 2 a e X 3 R0 2R
& BB, AR T e FO6RE R T & 1E
Fl. MZD2. SF2AIMF LA T A2 5 A 5 AH 5
AKERWE S, XRY, [FISF2RIMF X 24> ==
Rl B s s 7 DO LOIRAR I BUERLAG BRI
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(145 BRI EE AR FH, 9 Hon] DB & DR iR 52 2 1 4
HOBE, 2T 50 1R A TR RR B0 3 58 S o %o vl P
A A B B Y, e, 4
SR T (R0 43 S5 A A 20 958 7 T R S 41 W T 2 B,
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COMPARATIVE STUDY ON BIOCHEMICAL CHARACTERISTICS AMONG
CONCHOCELIS OF DIFFERENT NEOPORPHYRA HAITANENSIS

LU Cai-Ping', YANG Rui’, LUO Qi-Jun’, CHEN Juan-Juan’, ZHANG Peng’, WANG Tie-Gan’ and CHEN Hai-Min’

(1. College of Food and Pharmaceutical Sciences, Ningbo University, Ningbo 315211, China; 2. Key Laboratory of Marine
Biotechnology in Zhejiang Province, School of Marine Sciences, Ningbo University, Ningbo 315211, China;
3. Zhejiang Mariculture Research Institute, Wenzhou 325005, China)

Abstract: In order to reflect the correlation between the biochemical parameters and traits of Neoporphyra haitanensis
conchocelis and establish a biochemical evaluation system for the selection of new varieties, the photosynthetic pig-
ments and growth indicators of the conchocelis of 5 varieties/strains were compared, and the contents of floridosides,
mycosporine-like amino-acids (MAAs) and phytohormones were determined by liquid chromatography-mass spectro-
metry. The results showed that phycobiliprotein and chlorophyll a were positively correlated with the net photosynthe-
tic oxygen release rate and the relative growth rate, and were related to the high-yield characteristics of N. haitanensis.
The conchocelis of Zhedong 2 (ZD2), Shenfu 2 (SF2) and Minfeng 1 (MF1) had higher phycoerythrin content and rela-
tively fast growth rate. Floridosides were related to the high-temperature resistance of N. haitanensis. MF1 and MF2
were dominated by isofloridosides, while other varieties/strains were dominated by floridosides. MAAs is related to re-
sistance to ultraviolet radiation. MF1 and MF2 contained high Shinorine content, and the content of MAAs in MF2 was
much higher than that of the other 4 varieties/strains, reflecting the high temperature tolerance and UV resistance of the
characteristics of southern varieties of Minfeng. Four plant hormones were found in the conchocelis of N. haitanensis,
including isoprene adenine, isoprene adenosine, trans-Zeatin nucleoside and brassinolide, but the relationship between
the hormones and production traits was not clear. In summary, the parameters of phycobiliprotein, chlorophyll a, flo-
ridosides and MAAs are closely related to the different biological characteristics of N. haitanensis. This study construc-
ted a set of feasible evaluation index system for the selection and cultivation of the conchocelis of new varieties of V.
haitanensis.

Key words: Neoporphyra haitanensis; Conchocelis; Variety (strain); Biochemical trait; Metabolite
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