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 E. H TR & H A (glycerol kinase, GK) 3k B = #4845 3k (Phaeodactylum tricornutum) K #5301, YA GK
ARE R R, TRERFTFAVERAALT R, METHAEREF L . GK AHHFAKF GK T JEREEF4
FERASBEFLAN GRET HARNERGILARZEEFANERLRF £ F ;i3 KX FEH GKOEL-8,GKOET-1
EFORT B E L, GK EHIEIR T 3.55 12F0 2.58 45, P LB AR A2 38 hm 64.95%F= 18.49%, &3 A % ¥4 F 3 m
50.89%F= 42.11%; fn F#£. 34k GKRNAi3-1,GKRNAi4-1 #4455 F K -F 0 23 Ff, 4% GK EHBEAL 52.34%F
6.64%, P b fgAF Y 26.88%F 16.98%, &3 A S HA TR Y 16.99%F 10.62%. AARLER LN E= B3k
P it AR R A ] T ARSI A AR SR F AN ERS RGRE X A AR TR T BRRFZ T
R e AR I AR T A

KR . MR KRS, Ko hrEig; SR 2
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Effect of Glycerol Kinase Gene on Physicochemical Properties of
Phaeodactylum tricornutum
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Abstract: In order to know the mechanism of glycerol kinase in Phaeodactylum tricornutum,we studied its growth,
transcriptional level, enzyme activity, lipid content and chrysolaminarin content. Results showed that the growth rate of
transgenic types was not significantly different from that of the control, but the transcriptional level of GK during GKOE1-8
and GKOE7-1 was significantly up-regulated. The activity of GK increased 3.55 times and 2.58 times compared with that of
the control, respectively. Neutral lipid content increased by 64.95% and 18.49% . Chrysolaminarin content increased by
50.89% and 42.11% . While the transcriptional level of GKRNAi3-1 and GKRNAi4-1 were significantly down-regulated, the
decrease of GK activity was 52.34% and 6.64% ,respectively. The content of neutral lipid was reduced by 26.88% and
16.98% , and chrysolaminarin content decreased by 16.99% and 10.62% . The results revealed that overexpression of GK
could promote the accumulation of bioactive compounds, such as neutral lipid and chrysolaminarin, and thus provide some
reference for obtaining transgenic algae with high lipid through genetic engineering.
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H i (glycerol kinase, GK) &4 ¥y N g1 7
T IBORIAC ST 0 Sl , [r]ef d 2 PR D). GK
A U H Ak o H -3 % (G3P). H M Lin"
HIREIE T GK M ELE5M )5, GK ZEH it
RO BT, Muto Z5PYE Fistulifera so-
laris IR T GK N, SEEY RS, G3P K
Tt R R . FRE, Yo SR 7E
JiR 8 2+ (Saccharomyces cerevisiae) ' GUTI1 (4wt
GK S LAt F2R v LR G3P FLERME N, %
JERBURR SR Z. I, GK XIRRM A& K
i HAEEAAERNY S mmtsEh GK Kk
R R 55— Fr R A R 3o 0 B AR OGP,

thP g 3 AR IEEL H IR (TAGs) Fhilf e g
ViR , e i rh YRR Bt (402 TAGs) Z&REm ) &
BORUE, AR E T A Sam i AR, SREAZ
L T 40 M T i A oK e S Y e R
o2 A G A ER AL B A, B AR S H AL A ML G
Y. 20 B AT DLSE S X 4 v R AT 20 i n IR AR
T RB B, foE A Ay, DASR R R Y
HLHL.

AT AT R PR 2ok ek ek | TP ek AN
By L RUBE AR AT, MIE T 3 SR AR A A AR O
HIH BRI mRNA 5K | Hmis g v | B8 o
TR RAT 20 S AR, IRR R T R
b RO = A A e A AR R e, BTN
T I L PR TR Y T B AR 7 T S v 1 R B R R AR
HEHRAK AR

1 FRS

1.1 &l

AP =M IE B (Phaeodactylum tricornutum)
KA TFHEBEREZMEMBEE, H5H
MACC/B28S.

A THRAUA PtrGKRNAI-pPhaT1 | 3 3k %;
& PtrGKOE-pPhaTl, ¥ A SLin sty adt. Hhid 3R
REAR AT fopA JAEhF . GK JE AT ] 52AE
ORF . fepAd LT fepB Ja 8+ R BE R PriEFEA
sh ble WSIRL AL E T TILEA EEAE fopa
BT GK FENZ) 430bp BRELIEFFH] . A& T
GK JEH 2 430 bp TIE S MJFH | fepA Ze1b+ | fepB
Ja sl FORE RIS sh ble G HR I8 i il 2
1kF.

REBEBREER H34% Hsl

77 : PCR AH5GIRF , TaKaRa 23 A ; BEARE: AL
ML, Bio-Rad A H]; RNA Hh$iR500 &, sl o JE4s
AWl 5 HAR B0 ) BSCER R 2 w).

2 WAREFREE . T 100mL #aik, 3 2
SRR 100 uL, 3 g W (BR300 3%) , =
JEKEE, I R E RGN 100 pL 4EAE KB, BIY
12 ARSI

/2 RS T 300 mL M4k, inAsE
¥y 4.8 g MgER 9. 72 KEFRILEREAS 300 pL, REK
B, B EIEEIS N 300 pL 4i2: K80, 4334
Merp, BEREEE 1T, 4 CHRAT.

1.2 FHik
1.2.1 = A3 R0 f i A/ SRS

S T4t a A PtrGKRNAI-pPhaT1 Flid ik
#% & PwGKOE-pPhaTl #% fk & K B # W
(E. coli) DH5 o, FHYESEREDA T PCR B ik A
FEIRUE , SR 547 KSR S B HUTORE , it HL vk B 34 36 %)
1 pg/uL. KBy AR R = A da e mh 2 KR 72 WK
BRIk BFIRER 22°C JBIEEE N 2500 1t/
BRI 12h/12h 00 T 4535  BUR B K 4
29 5x 1074, WA T 02 BIRRE IR IR AR e,
PDS-1000/He System FUJEL[EAH: (Bio-Rad 23 F]) #5417
WAL A, TR SIS 4Ch 1350 psi(9308.25 kPa).
W2 i AR IE BB IR R 1500 Ix Y251 T 144k
JEREREFE 240, SRIGHH £2 BRI Tk, 2500
i F &4 100 pg/mL Zeocin A /2 FEAEEFEILF-Hr
B ESEIREE SR (25001, 22 C) . 2 4 JiJE, HkEL
PATIRET 172 WAEFRIE (% 100 pg/mL Zeocin) HT,
Y REEFR , PRI FE R R Y 3L 41 DNA, FFiE
PCR %5E , M7 B iE.

i RIKBERE E TP N GKOE-F: 5-TTGAC
TGCAAGATCAGCTGGCCTAG-3', GKOE-R : 5'-GG
CAGATTTCCGGCAATGCCGAAAG-3'. T ik
E 51 ¥ A GKRNAI-F : 5-GCGTCGACCGTGTGT
GGGATCAGACTTTGGTTAAC-3' , GKRNAI-R : 5'-
AGGGTACTTTCTTAATCTGAAG CT-3'.

122 AKSELH A AEDTRE

W BB A A ) T Pl L R i R ek L T4
WEPR RN A BRI AP 2 100 mL 12 WAARE; 33,
LA JE R RER P B SR B R B 100 pg/mL Zeocin,
EIEHRNREE R 2x10°mL™", YLREEE R 2500 1x, 't/
WA 12 0/12 h, 4R 24 h BUREAGIN 450 nm AbAY
WEGRE , I F BRI T4k, 2l R R £k, H 8
A (DR AR R () |, I s i FE D e bk 55 Y
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A TR HUAE O,

InN,-InN,
=t (n
t

o No HHIHR AL Agsos N, oRER ¢ R Assos
t JEEFRES A, d.
1.2.3  HridgBe 4% oK -F gl 2

FRBGE R KRR RNA, U SR cDNA,
CFX Connect ™ BISZI 4% 5E H PCR X (Bio-Rad 24
H) L BLO18S LR NSRRI AR ] s = 1]
H I R () SR T DL
1.2.4  HibgBsE ey T

SR ARG o K ) 0 A e 7 A2 I R R
TR, ARSI AR R4S LAY Trinder J7 3k
(B ERZ i He 7)ot Je o H T e ) o6 Pk 2R 4 5 T
K. HsmCUE AR R 22 °C . pH K 9.5 MUAE
T, HHEG T DAL I, SO AR R 3R H I
3-WERR ML 3R H il LB A AL AR B HL0,
TRILNHA ; HyO, | 4 IR MR 2R B 7E 0 424k
VI T AR SO LT R RS &, % e
545nm AL HA BRI, IF HAE — VRV
PR Y SR %) R S A g B v 358 .

it 1% 1 B (U) 19 8 SO« B B4 Ak A AR
1 mmol/L H,O, Frify Bl & 2 A — Al )
7. FERETE (U/mL) #2IE= (2) 118

v — AA545XV1de‘
%{Eﬁ_szBxO.le.Osz @

FH s Adsss HEESRTE 545 nm AL S i Je WG RE 1 2R
fbi ;¢ RIS E], BB ming Vo BVARE,
240 uL; Vi AFESMARE, 20 uL; df AR SR BRAS A
13.3 JEFETEMNE 251 T B2 A 0 10 22 B IR
JEZRHL; 0.5 248 1 mol HyOp AT LAAEAY, 0.5 mol FiR IV
KALEY ;1.0 MG EAR.
125 RFLFEMNZT FHHIEES

A3 AR B KA1 Fe R bk | TP ek AN
Y A SRR ZE L4 2 x 10° 1, 4000 t/min B 0>
10 min, PBS JEPESEANM, T 3 WK 2R 300 uL
PBS V%, A 0.1mgmL J& % 20 % ik (N i v
f#) 10 uL, JR%57, 42 CHEAL [ 10 min; A Varioskan
Flash 4 K BEbRIY (5[ Thermo /A H]) 7E 530 nm
TECE , RS R 575 nm, RIAE X5 i g4,
12,6 &HILA SHESZHNE

S R A 22 W BRI . i B R R A K
& 1mL,4000r/min Z.0> 10min, YA ; A
4mL 0.05mol/L /) H,SO4 iAW , s IR~ ;s SR I5

F 60 C/KIE Y 10 min, FEKHR S ; B0 0 b
T, VUVEREOMA 4mL 0.05 mol/L Y H,SO, %
T R HRE 2 A IT R, B IR B
SR P AU H £ 30 V0TI 2 4 8 R A 22 W 0
B 1 mL AHARBOR, SR INA 5 mL BEERF], F240R
AL, Tl k&R 10min, BUBR I E IR, A
620 nm ALAYMESEREE. LA 620 nm AL WO Ak AL bR
(o), I ATHE 5 i (ug/mL) S OAR R (v) , il VF 4 26 b
FRufEMZE (v = 122.7x + 0.886 8, R* = 0.998) , Jf-4% 1
X Q) ARSI & B RAT 205 & (ng/mL) .
é@aﬁz*ﬁaizw 3)

Kb p bRl LA TR B & &, pg/mL; 3
SR IO FE B EL Vo A EREUR B AT, mL;
Vi e FHBERAARR , 1 mL.
1.3 HKitaih

ARI B GraphPad #A4AbF 4. ARSE
5 ol B A T AR (WT) d e B X B, Hirpegl
7~ P<0.05, **%/R P<0.01.

2 HRESMH

21 HEFEMRIETE

PR = MABTEEEAY PCR SELS A 1 B
. IR H A R/ R T B 2 S B A
R L b, v PR A HUAR B R B, R
FH pPhaT1 BMAFEITHIA R B SUmi5 | W FHd A GK
LA By [T PCR BGAIE. H ik mi s R
FikWk GKOEI1-8 #1 GKOE7-1 ¥4 —%% 1000 bp
KA A, G Rk AR A5 R — B, WAk
KGR O SAFTE TR R k.

M 1 2 + -

5000 bp
3000 bp
2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

M. marker; 1. ik #Ek GKOEL-8; 2. i ik#EAk GKOET-
1; o+, s akaih; - ek iE (AR EERR)
(a) TFFIRBERRE ST
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5000 bp

3000 bp
2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

M. marker; 1. FH##kk GKRNAi3-1; 2. TH#E GKRNAi4-
U +. FHusda; - 6o i (A B sapk)
(b) THE BRI % 5E
1 HEE=ABEENEE
Fig. 1 Identification of transgenic Phaeodactylum tricor-
nutum

Ttk GKRNAI3-1 Fll GKRNAI4-1 YA —5%
500bp AT, 5T HREIARA S R —2, BT
PR C B AATE TRk D, BT Lhast A% 5% Ak Bl
U1, B R B g8 A A = Mg s ik H 4 .

2.2 HEREEKERBERSH

X = SAA TR B B S Auso Z AL TR
a0 (B 2), BRI A Z R EE Rl y=
150.6x — 2.781, R* = 0.998 , P<<0.01, [A] 4 #1425
SRR = AR AN B SRR daso Z
() 52 3 PR EA DG, AT LUFIFHEETE 450 nm AR
WG PR — At TE B AR R L.

150

100 |

50

Yl I /10 mL™

0 0.2 0.4 0.6 0.8
A450

2 MEES Ag 2 BZEXER
Fig. 2 Linear relationship between cell concentration and
Auso

— TR EE e K 3 B, E 3 TR
F i, T O ) SRR R A T P R e A e
K IR X AL (WT) —2, Y928 5d. il x beAE Kk
R A (F 4) , ol LIE HE DR AR ) oA RodoR
B A R EERETC 0 25 25 57, ULRH R IR R ik 2
K5 T HLERAE X SRR 0 A K U TC B B .
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Fig. 3 Growth curves of Phaeodactylum tricornutum
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Fig. 4 Comparison of specific growth rates of Phaeodac-
tylum tricornutum

23 =RBEREHHBERERKESHT

A i BRI R DR A X 8 b s R
W s s, 255801 GK 5 18S AU FLIE L EE, X Hd4H
(WDERSHEN 1.
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Fig. 5 Relative quantification of GK transcripts in Phaeo-
dactylum tricornutum

mE 5 ATLUE t, o KX #EEHK GKOEL-8 |
GKOET7-1 ¥ s /K V- 34 5 By A= R e ikl 2 2% (P<
0.01) L3, 43 HLEXTRRLHY) 7.90 £5F01 3.19 £%, Ui
Ik GK LI, AT LA SR IZ I B (R s K OF-. T
H T3k GKRNAI3-1, GKRNAI4-1 f%H %
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TR YA i A AR 5 (P<<0.05) T3, GKRNAI3-
1 W5 K RXTIA R 12, T T 53.34%;
GKRNAi4-1 (5 sk XA r 3/5, T T
42.52%, UL GK FEE, HAL Sk T .
2.4 HiHEEEES

Bt JE TR = A1 A i S o D M A3 A G SR an 4
6 Fryn. 1o IR BEMR 0 S 24 5 T IR A T R 1 T
I, TP BEmR W SAC T8 2 A e pk. b Sk etk
GKOE1-8 . GKOE7-1 1% il I 43 5| J2& BT A5 70 58 Pk 119
5.55 151 4.58 £iF; THLEEMk GKRNAI3-1 HREE HL B
RN T 52.34% , GKRNAi4-1 [ BEFA RIRRAR T
6.64% . ZEEE 4 S5E 5 b, AT L& PEH b
TP B 2 12 DR A s /KPR R, T 8 i AL

10

8 F
6 F

4 F

| ] [
0

fif#G P/ (U-mL™)

E 6 =fBisEtimgmiEsm

Fig. 6 GK activity of Phaeodactylum tricornutum
25 HkHEEEESH

rh PR T RS G4 19 L T v R (TAGs) FiiiE &3 s i
PR, A A 7 I EEORIE. s & GK
ROMEAL =% G3P i Kennedy 48/ =H:. —fAtats
P LYY S AR RS sR EE (B 7) AT LATE) 42
B T A B SR . L DU A SRR () S BB
XA (WT) |, HR AR B R 1, b Rk sErkag
g & BN, GKOEL-8 1 GKOET7-1 HIAHNT
DEHRE AN 1.6495 F1 1.184 9, Hoxd BaZH I T
64.95% F1 18.49% . T #i ¥ # GKRNAi3-1 Fl
GKRNAi4-1 Y HH XF 2 6 58 i 43 51 R 0.7312
0.830 2, X BAZH /L T 26.88% Fl1 16.98% . X sbzk
R R H L A, o] DUE U = A e e A
P R ey R AR BB U B ek il 5 R A i B
oA T AR SRR A R .
26 EREMSESENW

S RAT ZHEE R = FA M TR 5 A P ik 1 32 L
FETEIE A, W LAV 40 A28 T, B0 A IS 4.
S AARSTE B S R AT 2 B A A R LA 8.
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Fig. 7 Relative fluorescence intensity of Nile red dyed
Phaeodactylum tricornutum
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Fig. 8 Chrysolaminaran content of Phaeodactylum tricor-
nutum

W57 AR R 2H BB R HR A, i Fk ik 4 i R
A Z2 W8 O B B AR T PR B 2K 1S N, GKOEL-8 Al
GKOET7-1 14 B A 2 W 70 7 25.28 ug/mL Fl
23.81 ug/mL , 43 5 B X B4 1 T 50.89% FI
42.11% . T HEHEER I 4 38 B AT 200 % 1 W R AR,
GKRNAi3-1 fil GKRNAi4-1 {45 AT 285 5N
14.08 pg/mL F1 14.98 pg/mL , 43 F 8% BLH W/ T
16.99% Fl 10.62% . X156 B3k 3k H- it 2k 5 w] LA
PRI N A 2 S e R A 2B R, T4k
TR L] 1) R DA ) 4 e LA R R P
DA b 5 it DL ] R X 4 v R A 22 R AR SR 4
fEHEVER.

3 & it

T = TR R PR R TS, A BRI
BEPRA HEA KR S B AR R MR 5 25 5, BT
THPEEE AN 2 = Ml fe A KRN R, J &
IBWEPRAY GK &R SRKF- 2 B, GK G T
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15, R A N A B A 2 W s, Ui R R
GK BER AT LAS s H s i i 16 1, S 34n ey G3P
AR G3P 9 G3P MEIEFL RS IME L A= n s I Wi
f% (LPA) ; Pl LPA P BEE RS B A0 TR it
JERR (PA) ; SR PA ¥ PA Wil /KftlG LRk, B
QR BN R ) = & 1 1= 4 e ol B
(TAGs) , i 380 TAGs FaH. Kk, =MiEts
B, H L R R AR AR AR L nT A
PAFEIZ I R ) FR iR e & i, X Ol SRR T
PRI T-BOIRAS 7 T 2 5 e it 7 27%.

Sk -

[1] Demirbas A. Biodiesel production from vegetable oils via
catalytic and non-catalytic supercritical methanol trans-
esterification methods[J]. Progress in Energy Combus-
tion Science, 2005,31(5) : 466 — 487.

[2] Nagle N, Lemke P. Production of methyl ester fuel from
microalgae[J]. Applied Biochemistry Biotechnolgy ,
1990,24(1) : 355-361.

(3] BR¥E, ¥, 3808, %, —MBMEHMmMIERAG T H
T R DI BERE ST (0], DR 724 . B ARFF L,
2015,52(1) : 144-148.

[4] Bowler C,Allen A, Badger J, et al. The Phaeodactylum
genome reveals the evolutionary history of diatom ge-
nomes[J]. Nature, 2008, 456 (7219) :239-244.

[5] Zwaig N,Kistler W S,Lin E C. Glycerol kinase, the
pacemaker for the dissimilation of glycerol in Es-
cherichia coli[J]. Journal of Bacteriology , 1970 ,
102(3) : 753-759.

[6] Hayashi S L,Lin E C. Purification and properties of
glycerol kinase from Escherichia coli[J]. Journal of Bio-
logical Chemistry, 1967,242 (5) : 1030-1035.

[7] LinEC. Glycerol dissimilation and its regulation in bac-
teria[J]. Annual Review of Microbiology, 1976,30(1) :
535-538.

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

REBEBREER H34% Hsl

Muto M, Tanaka M, Liang Y, et al. Enhancement of
glycerol metabolism in the oleaginous marine diatom Fis-
tulifera solaris JPCC DA0580 to improve triacylglycerol
productivity[J]. Biotechnology for Biofuels , 2015 ,
8(1) :4.
Yu K O,Ju J,Ramzi A B, et al. Development of a Sac-
charomyces cerevisiae strain for increasing the accumula-
tion of triacylglycerol as a microbial oil feedstock for
biodiesel production using glycerol as a substrate[J].
Biotechnology & Bioengineering, 2013, 110(1) : 343-
347.
BRI, BB, BRI, SRR T A A
TERIR TSRS rP A D RE T (0], JEDN 4~ 5 NI AR
Pr%:,2016,35(10) :2716-2723.
SRICUR, PR, B Z 05, 45, ARIEE R A0 =t
i A K A W TR o R R B2 [T TR
%,2016,40(5) : 57-65.
Lin HY,Yen S C,Kuo P C, et al. Alkaline phosphatase
promoter as an efficient driving element for exogenic re-
combinant in the marine diatom Phaeodactylum tricornu-
tum[J]. Algal Research,2017,23:59-65.
Trinder P. Determination of blood glucose using an oxi-
dase-peroxidase system with a non-carcinogenic chro-
mogen[J]. Journal of Clinical Pathology, 1969,22(2) :
158-161.
Liu Z Y, Wang G C, Zhou B C. Effect of iron on growth
and lipid accumulation in Chlorella vulgaris[J]. Biore-
source Technology, 2008,99 (11) : 4717-4722.
Granum E, Myklestad S M. A simple combined method
for determination of $-1, 3-glucan and cell wall polysac-
charides in diatoms[J]. Hydrobiologia, 2002, 477 (1/2/3) :
155-161.
Osborne D R, Voogt P. Analisis de los nutrientes de los
alimentos[J]. Reproduction Nutrition Developmen ,
1985,43(5) : 136-153.

RERIE: AR

(E#% 28 )

Je AR AE 1 L AL T (30, SE B 2 4k, 2015,
32(12) : 1069-1071.

[34] Tang W,Zhu Q,Gong X, et al. Cortico-striato-thalamo-
cortical circuit abnormalities in obsessive-compulsive

disorder : A voxel-based morphometric and fMRI study of

[35]

the whole brain[J]. Behavioural Brain Research, 2016,
313:17-22.
White E, Dipaola R S. The double-edged sword of auto-
phagy modulation in cancer[J]. Clinical Cancer Re-
search, 2009, 15(17) : 5308-5316.

RERIE: A



