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Abstract: Haematococcus pluvialis residue powder, which has been extracted with astaxanthin, was used as

the raw material to prepare Haematococcus pluvialis protein by alkaline extraction and acid precipitation
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method. The protein structure of Haematococcus pluvialis was characterized, and the effects of pH and ion
strength on the functional characteristics of Haematococcus pluvialis protein were studied. The results
showed that the isoelectric point of Haematococcus pluvialis protein was 4.2. The molecular weight of the
subunit was around 14.4, 18.4 and 38 kDa, respectively and the content of a-helix, B-fold, B-corner and
disordered structure in the secondary structure was 14.86%, 18.47%, 40.3% and 26.37%, respectively. It
contained 7 kinds of essential amino acids required by the human body, accounting for 36.38% of the total
amino acid content. Microscopic observation showed that the protein of Haematococcus pluvialis was
rod-shaped and sheet-like, with a rough and porous surface. With the increase of pH, the solubility, water
absorption, emulsion capability, foam stability and foam stability of the protein of Haematococcus pluvialis
increased first and then decreased, while the emulsification stability showed the opposite trend. With the
increase of NaCl concentration, the foam capability, foam stability, emulsion capability and emulsification

stability of the protein of Haematococcus pluvialis increased first and then decreased, while the solubility
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showed a trend of first decreasing, then increasing, and then decreasing again.

Key words. Haematococcus pluvialis; protein; preparation; structure; functional characteristics

WA 4Bk ( Haematococcus pluvialis) J&—
ol B2 M 08, ol T R o R R R
AT IR A TRk B i A 2 i R DR AR
SEARIRTERE L NERPEZ R N — B R PR E
WS4 A 1k B e 425 B R AR MR KR
HAT, TR EIFE R 5 WA 20K w5l b
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1.3 XEWHE
1.3.1  FRAELTER 3 6%

R R R U i A M AR 4L BREAR . hil%
AR PRI 1 g BRZSERTE R 5 AR A 20K Bk
(3 100 B )= A 44 mL BB 2% vhil— ) %
30 min— 447 pH [HZE 12—56 °C/KIAZED 150 min—
4000 r/min .0 10 min J5 B EE R — 877 pH (H
F 4.2—4 000 r/min B.L> 10 min J5EUTE BN —
HAWRHRT WAL BREE AR
1.3.2 EEAC A3 0

FE A E . GB/T6432—2018 (il HH &
AN LI 0% s /K 2nlsE : GB/T5009.3—
2016 (BB FARE 25 KB E );
JEAYISE . GB/T5009.4—2016 { £ 2e 4 E FbRife
BRI E ); BB E . GB/T5009.6—
2016 (B EZEARE gD IE ).
1.3.3 S5 HL AT

PO T AR LDk R EIE WO 1 mol/L
(1) HC1 #8757 pH {E 40510 3.6, 3.8, 4.0, 4.2, 4.4,
4.6, 48, 5.0, 52, 4 CEFE 2 h 5L, RH
TMEBRER ( BCA) R4 E BUVE T A LV
HR I A, B0 TR A 2D RO 2R 1 0 A i P
1.3.4  WELIEREEE A5

1.3.4.1 - %8 JE 1 R 41 - 58 V9 s T e 5t e # K
( SDS-PAGE )  SDS-PAGE i il e ( 4% 55 e

12.5%, VAR 3% ), HLJE 80 V/120 V., LI &
Je i, PG (0 % H 52 i R-250 4235 %4 €4 30 min,
SR G I R A

1342 ZHERAN S8 GB 5009.124—2016
(BEMZ2EZRE B EmRne ) Jr
e, R FERR 5B A0 8 T A 4L BRBE AR &
LRI -

1.3.43 HEHAM R LIKBr 5, 1E4 000~
400 cm™ PEECE X AR 20 BRI R (1 BEA T L0 AN

1.3.4.4 HiBE  FHEHEETE 20 kv s
H R 40 W A 21 3R 3 2 R ST
1.3.5  FAELLBKEEE I RERRE Y

EAFRSEME: BCA k; MAKREEA
VoS F PRI 2 L2 2 SOk 4], WK R A2 L 22 3
BR[S], A B I R RS PRl o W27 SCHR (6],
FLA I B LA R PRI 2 022 SCHR (7]
14 HiEsE

B FE i A I 3 Uk, BOF-Y94E o R Excel
F1 Origin 7.5 84T B4R A BRAN 5347
2 #HR5itHe
21 EXBDAWER

151, WAIBKEEN SRk
BRISAHLE, FIAZLBKEEE AP R A B KR
LR, HO16.50%42 T3] 58.18%, HHARNFIK
ra AR Z, SRR 2.56% ., 5.58% T
2] 0.08%F1 3.86%, MKAr&r B b/, X
TRET 0.37%,
22 EBASW

P AR ZDR AR A R LR 1. R 1 AT,
4 pH {H2h 4.2 BF, HEBTUIE R fos, TR pH
iR, HAVIEREIL 98.88%, XiEH TEME
Z A B 154 (R AH BLAE AR 5 9 O B0R 4
&, SEEARDE, Friie pH=4.2 HWAL
BRI 0
23 MEAKREZEBHEHHE
2.3.1 SDS-PAGE

A 2T Bk 2R R Uk B A 2 R,
AEA—BEA o p My =FIE, o VI 12~
20 kDa) i /NF B I (15~22 kDa), v lE3E
TR, pIWIEK, 432 kDP, MIE 2 7]
DIEH, MIZELIskieE bfE 144, 18.4, 38 kDa
Ab HELAAT , 1X 5 Zhao ZEPIF ST T v R-E4T

ST, IREESN 20 °C, HRIKECH 32 K. HHI o, By WA TEH 17,18, 30 kDa
F1 WEIKRERBNWEIKREEERRS
Table 1 Basic components of residues of Haematococcus pluvialis and Haematococcus pluvialis protein %
Y HE N TRAY HLIE W
AR LR i 16.50+2.32 5.58+0.06 2.80+0.84 2.56+0.62
ALK 1 58.18+1.95 3.86+0.08 2.43+0.01 0.08:£0.54
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345 6 7 8 91011 12
pH
F: BB P /NS ER BiRR/R P<0.05 BHA B3

HER,
Note: The lowercase letters in the same line chart were marked
differently when P<0.05.

1 WMELKEEASREA

Fig.1 The protein isoelectric point of Haematococcus pluvialis

N T “"""'
116 kDa —
66.2 kDa !
45 kDa —
 —38kDa
35kDa -
25 kDa -

18.4 kDa

18.4 kDa . s

14.4 KDa 14.4 kDa

TE e ZeViGE 28 PS> T e v b B HL DK RT3, A UKE 2
TR A LR AR PR 1 P K R

Note: The left lane is the electrophoretic pattern of protein
molecular weight marker, while the right lane is the electrophoretic
pattern of protein samples from Haematococcus pluvialis.

2 WMEANKEZEAR SDS BikEE
Fig.2 SDSelectrophoresis pattern of Haematococcus
pluvialis protein

AT . R XS T R A 20 BR s 2R 710 L (0 F 5 AR
D MRYEAHIE G SDS HiL Yk 45 SR 4 I T A 2T Bk i
BHETHELOEA,
232 AHEm s

W AR 2T Bkl R A SR A o W 2.
R 2T, WIAELEREE DS A 17 FhaE R,
Horf 7 FoE NARFTTG LT IR, oS
M. HAR. HAR. FNEAR. Romd R . H
RARMEARR, LA S SR
( EAA/TAA ) N 36.38%, SHKA E KA 44

(FAO) FI A TAHZ (WHO ) 21 iy i AH iR
PR AR . WA BREREAT SR REH
ERAMR, HEERAN 13.24%, HEKGEN
IR SRR N RAE R . BRIRFE R (%
T2 R ) 2R A 2L BR A 1 T A 5 — PR ) 2 S 1R
FEE R IR , LRI 4 R 41.57, e &R
AR . AR AR . RN E R Z TR
(KB IR IE /7 T FAO/WHO $2 H 1 HfEFE(E .
A R IR B AR AR BT RE, SRR
PRI EE = Jooptl) ATk JEF o e A% 95 T fik
R N TS SRR HOIRAS . A ZI Bk
Hh S Bl IR o R R IR AL 411 19.72%, Tl I
T 2B 21 3K 2R 1 Ah 7 R 252 Bl & Ok 1 R
Jio ZESRFEM, WAL EREERE AR — R AT 2%
(B SR AT RE LA IS B & S v

R2 WMEAKREASERAM
Table2 Amino acid compositions of Haematococcus
pluvialis protein

AHER SHEMR i/ (g/100g) FEFIESr (AAS)
FLEBR* Leu 1.89:£0.009 126.76
IR BR*Thr 1.05+0.001 123.25
AR * Val 1.400.005 131.46
i * Lys 1.010.003 86.22
SR e 0.91+0.006 106.80
AR *Met 0.26+0.002 4157 (Met+Cys)
LR Cys 0.05+0.005
RN 2 * Phe 1.23+0.002 146.32 ( Phe+Tyr)
% AR Tyr 0.64+0.003
AR Glu 2.82+0.003 —
KA R Asp 1.74+0.001 —
K2R Arg 1.47+0.003 —
N R Ala 2.55+0.006 —
fifi %% Pro 1.18+0.001 —
H4&% Gly 1.41£0.002 —
22 R Ser 1.30+0.008 —
H AR His 0.39+0.002 —
EAA 7.75+0.005 —
TAA 21.30+0.003 —
EAA/TAA 36.38% —

e 2T ; BAA WRAEM S &; TAA BEER

i

Note: * Essential amino acids; EAA essential amino acid
content; Total amino acid content of TAA.

2.3.3 ek AT
X 1600~1 700 cm™ ' SGik ATt & )
R S5, SR 1 XIRIECIE A
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i 3 fron. mIE 3 alAL, Gl il AS
BT 1A, IR IR E AR, 15 AT
NEESFG BT 5 L], TR AR 3 R
M1 3 AN, WIAEZTER B 1 A5 L B-
RIS A5 3 B i 3 i 40.3%F1 26.37%
B 5 5 T i K A AE — R R
R, REGKMES o -B5E. B-ITrEEWNERE
TS, 5 - A A TG LI 4 il 454 22 1 AH 5 . B-
S RTCRLAS R 2, BB AR 1Y R EOR
AR PR AR B RO, B At AT AR 1 4R 1 B ik
AU, -2 S BEAR, bt —£RWIZE
FEA X BN 53 F 450 o X A LBk R
FHERHE T AT SEAs I 2 Rl 254, (L REAS 76 /K
FURIARFEAS RN, AT I B R LR

6.4x107
6.2x1071
6.0x107
£ 5.8x1071
§ 5.6x107
5.4x107 -
52107
5.0x107 -
4.8x107

1
\/

Ky ,‘“\v \ | \ V f ‘l’ ‘. “’V IY
VAR W ERY EATRAY,

I\A/ \A TV Y \//B
{) NN A XAMAR

1600 1620 1640 1660 1680 1700
BE/em™

M3 WEREEQIEHE
Fig.3 Infrared spectroscopy of Haematococcus
pluvialis protein
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FAH L T DLW H T AR AT R i AR 1 AR T Y
OREEH . IR 4a FIE 4b AT%0, 7F pHI12 40
PRI R A 2T R AR T HAA BRI ASELI] R
SFRIREH, EaARESER, JLFIRa/NME R,

1
|\

F3 WMELAKEEA_QRLEUESE
Table3 Secondary structure contents of protein
Haematococcus pluvialis

YL EAR %

o-JEiE 14.86%0.11
B-Pr & 18.47+0.07
p-%% £ 40.30+0.05
JCFr 4514 26.37+0.07

TR, AR Z UL . IE 4c FiE
4d W] AWEZRIAE pH13 41 T HR B I A4 21 8k
B A Z EAFRER R ST IR, 5
pHI12 45 HCAY TR A= 21 3R 3 8 1 OWL 45 A4 %t L
pHI3 54T L HUAY Y Az 21 R 58 25 11 AT R 25 44 sk
A, HEPREABS, TR T EA
JoT () 25 R RN
24 WEAKEREZEDINEHFEMR
2.4.1 ALK R H AV R

ANTR) pH A NaCl ¥ B X T A5 21 BR s 2R 11 1
FERSZ I DR 5. R BT A R R B Y 2 2 1 B
TEV I o O RS, 5 28 1 B v 5 2% D0 A
K, [FEF, Bk PO R AR TN A R
P E SR HIE S aalHl, 4 pH M 2~4 B,
A TR VA A R TR N, R R B f
RIS, EHEHSAWR, 5K T1ERT
B, MR By T RIE ] 3, o kA
HIERDIFE . 24 pH KT 4 I, S#EEAR T+, pH
{20 10 I, FBUA R IR B ME (62.63% ).
OEHH pH (H K TAEHL S, 2 0 i 51
FR AL L B R EUE A B e, SRR SR
FH G sR A AR R E ftEeR, WH, EAST
(i) P AF AR FH 2 38 ok g KRR B A AR 5 0 5 30T

TE: a. pH 12 Z PR T ERIUM AL L BR AR I OUL S5 A 5 b, a BRI RERORIRT s c. pH 13 S fF T SR B 00 A6 2 3R AR 11 OOl S5 44 5

d. c R

Note: a. The microstructure of Haematococcus pluvialis protein extracted under pH 12 conditions; b. A locally enlarged image of
Figure a; c. The microstructure of Haematococcus pluvialis protein extracted under pH 13 conditions; d. Enlarged partial image of Figure c.

4 WMELAKREEANAEBRER
Fig.4 SEM images of protein of Haematococcus pluvialis
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VE, AR SV R IR A BV R T A
PKAERRERE ., CAMRAR, BIRNE
T S58E 7K P R v 4D 2 T PR A2 B 1 JB iy VS 2 114
FEREH AFE pH H4kZ i, JEARAkL
ARVE, AT S B A R GERE, e
PERN R R R A2 £ BRE TR A9 L FHRCR
I, MIE 5b ATLIE H, NaCl ¥R 0.1 mol/L i
BRI NaCl s 25 BV A 1 R ARG o D PR T R 2 A1
R B B TR AR B SR T Y LA
T 7= Az F fr RN, R A e L A
WPk X8, e Ak 0 2 5 | S 2R 1 T HRAE P R 3 2
TSI TP R B R AR, SEE
fi R e o VPSS LA R 9 R Rk i 4 ok
P B L ORORI R &2 B, IRERIRE T, £k
P i £ 1 - B AP e A R 7 A e AT o iV AR
PER B T B9 520 . 24 NaCl ¥ M 0.1~1 mol/L B,
WA 2T R AR S A T T, NaCl vk EE
1 mol/L B & (55.36% ). 4 NaCl ik i T

75 A
a
ab a
60 - be
4
S
45+
i
&
K30+
d
15F
1 1 1 1 1 J
2 4 6 8 10 12
pH

1.0 mol/L, FHAEZIBKMER IR TFE, RN
Na" RIS 43 6 122 1 14 L AT , SR 2R 1 K
bz, SFEORMH R,
242 ALK H AWK M

A pH XAz 21 Bk e 8 W K ) 552 i
K6, MK 6 nTLIEH, MAELEREE A NTK
YRR pH {E A TH & 2R E Hnm a %, 78
pH {ER 4 B, HEAMKHERALY 2.21 g/g. XJ&
A pH (R B S i, K25 A
FERE R NES, B -/K 4118 45 A 10 g
55, FHEORAKMETHE. A pH EHNYTE, HH
JRBEHRE, WA, BREEINE LKA
B, BRI 2, R EAE
W, SEAKIORE TG, MTEE S TRk, R
KT, WALEREEOTEAR pH 40 T ok
MZEAK, LB . ABEE NG, 7E
BRI T A —E . s, ok
N 1.49~4.72 g/g B7R (1 BTAT F PR i ),

60rB
ab ab

50

TRIRIE %

40 -

30

0 01 02 04 06 08 1.0 12 14 1.6
NaCI¥& BE/(mol/L)

fE: A: pHBYR; B: NaCLWRERYZM . [l —Irk 8P a9/ NG 7Rk EARTE P<0.05 I B3 A o

Note: A: Effect of pH; B: Effect of NaCl concentration. The lowercase letters in the same line chart were marked differently when

P<0.05.

B 5 ZR[E pH #1 NaCl iR EX M ELIKEE B BRHEERNFNE
Fig.5 Effect of different pH and NaCl concentration on the protein solubility of Haematococcus pluvialis

243 TUAEZTEREEER AR T B TR R
ANT] pH F1 NaCl ¥ J3 X [ £ 21 Bk i 2K 11 i
P R AR e M s LI 7, H Il 7a BTAT, pH
{EAE 2~4 B, TN A 20 BR9EE AR 1 e vt A R AR
EVEY R TGS, 76 pH (0 4 W& N
R E PR 22 (16.20%7F1 40.08% ), FiZE pH {H 1Y
31 s 25 Al = IM GVR LUK i 3 RUORY N e ic ey | RO T =
SR AR 5K T RS2, pHAEAE SR R, AR
PR IR RN, WTIEEERA SR, &

TSR T3, BRIk . BEE R pH (H
S, RO AEZLBREEAR B e o, B A
R TR e NIl 3 A R B G R ST
SEHEHL R T AR s 7ERME AR IE R, B
[y TP S L FTIT, B R BB K
s INT S A S R LA =S KR
AR R . i 70 T LI Y, B NaCl ¥k
(O30, R A 20 Bkl 2R R T R AR TR AR E
YRR BT A R %, 7 NaCl ¥y
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a
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b al
o260 c
e
#
% be
=3l ¢
2.0 - . - .
2 4 6 8 10
pH

e W= B /NG FBE EARTE P<0.05 B AR
Note: The lowercase letters in the same line chart were
marked differently when P<0.05.

6 A pH XA LI kR & B Rk R0
Fig.6 Effect of different pH on the water absor ption of
Haematococcus pluvialis protein

1 mol/L i, iXF| & KAA (70.20%F1 90.04% ). &
TR X R 1 BRI AR R S R R AR
W T A 55 . NaCl ¥R (1938 B 36 st
EE B EIREER, kR & X R s
A FRHLREROVE T, 5 B TR RV P i

BETR R, AR THIARIIER! . 765 NaCl ik
TR AR LD R R IR E M TR R
IR B AR AT 0 3R B S R A, R IR

AR b, R AN SR R I A —

SEREE IR T E A FURAKS T, —E RN

SRR AR E o

2.4.4  WAEZLEREEE H R FLACTE KA E
TR pH I NaCl i B2 X /i A= 218k e F 5L

PR FL TR PER M DL 8. MK 8 a Al 1,

O fukRRENE A EEk

100

AEARRBEREAMNZERE pH (E1 T 25k
G Tha s, 76 pH (H8 4 iF, FLALPEXE
AR 34.74% ), PN BEES FLIRo 181 14 14855
HHST 5 TRIRIE, S 185 1 5 g
TESET F AR RE 7, N TTBELAS 1 LR A IE B,
SRR TR, A pH ¥, EOAEmM
WS 5L R B 45 A, i oL £
Gy T I, AR E, A AT
TR K™ BeRA, AmiF kRS pH
(R HE A 53 TR] 9 1 FH T3, DT R 26 11 I
Shky, B REMHIKIEA, TSk
SO, TR B & A LA s . LA AR
bl SR —8, XU EER
FXHFLA R A E W RAVE . 53k TER
AR, AAREERE pH (M K2
Je ETHE T ReRES, 16 pH (4 4 k2R
1B (196.99% ). HJ PR ] BB AN A M 2R (A 7 LY
il 8 Ao A R B A SR b, I T AR AR E
PR AL FLIR ,  [FIET i T RV R 2R R, AT
DATE MU R 308 1) A ST, DT U8 2 T 1% 1Y)
iF

mE 8b iR, K& NaCl kR K, R4
LLBR IR A FLAR R FL AR e M R R R
WD, 2 NaClREEH 0.8 mol/L i, FLik
WOREE (45.78%F1 96.94% ), X 2 R A 7E Rk
BEERVS W, B R A BRI 2 T AR A

A R O WikREN
ab

TE: A: pH R B: NaClLIREEREN . [F—4rgk B /NG T BRoR 4 N 22 55

20 I I I I I I I I ]
0 02 04 06 08 10 12 14 1.6

NaCl# #/(mol/L)

23 (P<0.05),

Note: A: Effect of pH; B: Effect of NaCl concentration. The lowercase letters in the same line chart indicate significant differences

within each group (P<0.05).

Bl 7 AR pH NaCl REMNWELKEEARAERAXRBEENIM
Fig.7 Effect of different pH and NaCl concentration on the foaming capability and stability of Haematococcus pluvialis protein
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a

b b
Bf e de de : T . be  cd
T I & L —0—80— 3§
— 1 - L + - -

i
—A— Akt At e
a
b a p bc be

i/Pi‘%/ki—1;;;

0o r® s ab & 100
J_ - T
80| \ 801
< —0— FLiktk AR \ <
3 \ a E
L 560
§ 60 ab . .;:g_
B be be be >
40+ ¢ 40
1 1 1 1 1 120
20 2 4 6 8 10 12
pH

0 02 04 06 08 10 12 14
NaCl¥¢ & /(mol/L)

1.6

W@ A: pH WM ; B: NaClLIREERYRM . [l —3r2k @ i)/ NE FRRRSHMNZEF B E (P<0.05),
Note: A: Effect of pH; B: Effect of NaCl concentration. The lowercase letters in the same line chart indicate significant differences

within each group (P<0.05).
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Fig.8 Effect of different pH and NaCl concentration on the emulsification and stability of Haematococcus pluvialis protein
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