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ST K - A i RE B O TR PR S B AK
CC425(F EBLA e K A A IR IEIN) s KigR 4k
HSM [ A8 3£ 55,24 °C, B ISR E 110 umol/(m®-s)
AATGIRORAE , WA SR IR I 3R 50 mL HSM R
IRE SR LB FE , BLA((HSM-N)FI B (HSM-P) K5
Feif, JH HSM MR RS TR 385 77 2 0 HO0 T, B
T 2 P 4000 r/min 250> 1 min 5B, ddH,0
TR AN S 2R 2] HSM-N FI HSM-P &A1
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Bi##3E 37 °C 220 r/min & % 15 5% AT B EHA105
(A LI B R AF)LB 15575k 28 °C Iz Hide. ik
R . &% 5 % (Ampicillin) 100 pg/mL; KR
%5 2 (Kanamycin) 30 ug/mL; [ J¢%E 2 (Paromomycin)
5 pg/mL, %% (Hygromycin B) 10 pg/mL; 5-551|
I (5-Fluoroindol) 5 mmol/L; L-{%,2 /% 1.5 mmol/L;
Je#F 41 (Nile red) 10 pg/mL; F|##F(Rifampicin)
25 pg/mL; LT Al (As) 20 mmol/L, {4 : RNA
T2k pMaa7/XIR (£ [E Duke KEFAKFEHLY);
T282 FR (AL I E M H); pCAMBIAI302 (S50
FIRAF), pMDIS-T (FAY TRCKE)HBRA ).
7. Trizol &L RNA fli#&i5 & . MMLV J % 5%
X# £, SYBR"Premix Ex Taq'™ IIi&jl &, PCR
RN . FRHITENYIEG . DNA #2HE A 54
Y TR (RE)A R A BORLfi$2 77 & . PCR
P ARG A L R NSO S AR A AR T AR
W TR A BR A F
1.2 3EEAHEE RNA 2. cDNA G K& qRT-PCR
Vigiiy

FEHACHESE TR B XK, 4000 r/min &
O 5 min WA, WRAGEVRIE 54 B8 Trizol
ik RNA fli 2200 G2 5 RNAL #2 8 MMLV 2
R &AL cDNA. ##1% SYBR"Premix Ex
Taq™ 11 U0 GrlFA T SE P ZRE A . S P A 3

18S rRNA JEF N Z, KA 272 C kb AT Mt
SERTA, SPSS 22.0 & it .
1.3 RNA THEAEWE

H4E phytozome H C. reinhardtii 5045 5N AR
) E2 12 K454 CrUBC23 (Crel2.g546650) CDs
B, BRI 113K 1), LL cDNA i,
PCR ¥¥4TWhH B, #i A pMDI8-T, 1334 {k
pMD-CrUBC23 . ¥ Li 2" BER A% RNA T3
A R A A
1.4 2KERTIE KT ERE . CrUBC23-GFP Fil
ERBBAM R

SEPIACHE CC425 cDNA M 15 5 4 K
FH, A pMDIS-T #f&k, PCR 5| A Nco I Al
Spe | BV 4, 4 A pCAMBIA1302, 755t
FKBUR pC-CrUBC23, GFP Rl Feik At i
SIABGYIN ST, Bl I L2 T, 46
A pCAMBIA1302 Nco 1 il Spe 1 {355 . 15%] GFP
fill A # IR K pC-CrUBC23-GFP,
15 SRBERIEHALRMBE & B E
1.5.1 SEEARHEMEI: R Glass Beads 32
USRI ACHE CC425, FAL G Btk A% R4 % 50 mL G
B0, 24 °C, 120 t/min I F 7% . 4000 r/min
B0 5 min WEBEAIML, WA L-asdmme
R RN TAP RIS 6-8 do HRHUA

%= 1. FF PCR &34

Table 1.

Primers for PCR amplification

Primer name Primer sequence ( 5'—3")

RNAi-CrUBC23/qRT-PCR
Full-CrUBC23
pC-CrUBC23

: TCGTGGCTTGTTATCAGACG
: TTGTAGGGTAGCTGCGATGA

18S rRNAM
pMaa7lR
pCAMBIA1302

: GATTTAAATGCCAGAAGGAG
: CGGTCGGCATCTACTCTATT

: GTCAGAGGTGAAATTCTTGGATTTA

R: ACCAGACATACCGCACAACA
R: AGAGCATCTCCTGTGACTTGC

F

F

F: CATGCCATGGTGACGGACGCGCTGGCAG R: GGACTAGTCTAGAGCATCTCCTGTGACTTGC
CrUBC23-GFP F: CATGCCATGGTGACGGACGCGCTGGCAG R: GGACTAGTGAGCATCTCCTGTGACTTGC

F

F

F

R: AGGGCAGGGACGTAATCAACG
R: CGCGGTGAGCACCGGAACGG
R: GACAGCGTCTCCGACCTGA
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B LB K555 56, 28 °C. 200 t/min JR¥GH IR E
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1/2 MS WARBE SR IR TR RIAR . H M8 1 2 50 Ay LL il
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Figure 1.

The level of CrUBC23 mRNA of C. reinhardtii CC425 in nitrogen (A) and phosphorus (B) reduction

culture statistical analysis was performed using SPSS 22.0. Significance is indicated as asterisks (**P<0.01).
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# b, CrUBC23 mRNA K- %} HR(CC425+P)
) 1.85-5.20 £%(&l 1-B),

2.2 CrUBC23 BYME B304
CrUBC23 4K 507 bp, 168 aa, il

1 A pMaa7IR/XIR (& 3-A), EcoR I i) Eos,
pMaa7IR/CrUBC23IR ## H(Kl 3-B-d). 13
K1 A pCAMBIA1302 Nco | Hil Spe I B {ir

72— Coffea

Ubiquitin carrier protein, HA #LK 1) UBCc HIRES
M, HA R (cysteine) MG A &, JBTF
B2 Z RX4& M. Wy XN
Cg34H1200N2260,56S5, 7T it 18837.2 Da, pl=5.08,

class 1

FE RH45.65, RN AREL 72.40, LESAREEIIX o 8L Jomox
SV 2400 6 5 A6 T 40 ML BRI A A (3 2) 0 5 I J5HA —CM‘W”‘ZH

YIRS HT S, CrUBC23 580358 E A i 1Y)
13 (XP_002953636) Rl 4w, M 93.40%, 5 0.20
JKFE(XP_006644986) A PEH T, 2N 77.8% (] 2).
2.3 EEEFERE

Wik PCR $"89484% CrUBC23 T# A B (A
3-B-a), ffi A pMDI18-T, 73l Hind 11/BamH 1 FI
Xba 1 /Sal T WHEFIAAFIER T35 A B (& 3-B-b),
WU T282 #dA, AR1FhE 2K, EcoR 1 H§Y)

2. CrUBC23 5E T EIRE LB

Figure 2. Clustering analysis of CrUBC23 orthologous
genes in C. vreinhardtii and other species.
Chlamydomonas CrUBC23: (Crel2.g546650), Volvox
(EFJ45260),  Nelumbo  (XP_010253222), Zea
(AFW84636), Coffea (CDP00072), Solanum
(XP_010321377), Oryza (XP_006644986), Chlorella

(EFN52212), Arabidopsis (NP_568902), Tarenaya
rha 2RSS CrUBC23 TF L a4 Y B (XP_010534487), Homo (AAH14880).
#*2. EARRMES (%)

Table 2. Homology matrix of 11 sequences (%)
;zzf; 2 3 4 5 6 7 8 9 10 1
1 100.00
2 93.40 100.00
3 76.00 77.20 100.00
4 74.90 76.60 87.00 100.00
5 74.70 76.50 84.50 84.50 100.00
6 74.90 74.30 81.70 79.90 91.70 100.00
7 77.80 77.80 86.40 92.90 84.50 82.20 100.00
8 76.50 78.90 75.90 73.50 74.70 73.50 73.50 100.00
9 77.10 75.90 84.90 84.30 88.00 87.30 87.30 73.50 100.00
10 70.70 71.30 71.80 76.90 81.00 78.70 78.70 71.70 82.50 100.00
11 13.20 13.20 11.40 13.60 14.20 12.70 13.60 12.60 14.50 12.80 100.00

1: Chlamydomonas; 2: Volvox; 3: Nelumbo; 4: Zea; 5: Coffea; 6: Solanum; 7: Oryza; 8: Chlorella; 9: Arabidopsis; 10: Tarenaya; 11:
Homo.
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Figure 3.

Construction of CrUBC23 RNAI and over-expression transgenic algae. A: pMaa7IR/XIR vector. B: PCR

products, a: Cloning of fragment of CrUBC23; b: Acquisition of forward and backward interference fragments; c:
Identification of pMaa7IR/CrUBC23IR by EcoR 1. C: Resistance screening of CrUBC23 RNAI and over-expression
transgenic algae. D: PCR products, d: PCR detection of pMaa7IR/CrUBC23IR transgenic algae strains; e: PCR

detection of pC-CrUBC23 transgenic algae strains.

A, B3 R R IR IR pC-CrUBC23 .. BEIEERIE
B3 T ACTE CC425 (E 3-C), PRI 7 [ Hi i it
PRIEAR L ZH DNA, #E47 PCR #&l, 4R B
pMaa7IR/CrUBC23IR (Kl 3-D-d)#l pC-CrUBC23
(Fl 3-D-e)C MG BB FACHE CC425 FEHZH
DNA [+, CrUBC23 RNAi Filid i ik Bk L
2.4 CrUBC23 RNAi #EFEEREYE KNS &
B2E

RE L YE T 96 ¥k CrUBC23 RNAI
BESLDR BERR AN 54 Bk pMaa7IR/XTR %5 3 K e vk o 1
JE& &, CrUBC23 RNAIi FEILHEEFR Y NF
Fluorescence/DW {H & 894, X} H& pMaa7IR/XIR -
¥4 NF Fluorescence/DW {E & 1390 (& 4-A Fi1 B),
Ve 3 PREEILDNEERE , HSM W MAK: F2 0 A 4 e
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MRS, S5RE/R RNAT FEREDR bk AR Kk
HE, AR 6 K, AEWi LX) I pMaa7IR/XIR
EERLN ARSI T 4.71%-10.45% (& 4-C), ik
AR E R, BERRIh e % B 5 5 i ] Y 1
K hn, 55 8 RikF| i {H ., CrUBC23 RNAi ¥
FER B A PENE  & HEXT IR pMaa7IR/XIR 353 [H
WM AR 5.5% (8 4-D), Hi3R55 8 K, BU&E
PR P ROK AR R i, SRR 3 B
CrUBC23 RNAI % 3 X 3 ko B & &2 L X i/
pMaa7IR/XIR F%JE KRR A CC425 AR & it 1
WA, FEIR R 3.16%—17.6% (&l 4-E). B354 4 K
CrUBC23 RNAI ¥ 5 ¥Ek CrUBC23 mRNA /3
¥r @7, CrUBC23 mRNA [ %18 pMaa7IR/XIR %%
HE DRI b 0 A, PEARIE S R 88.03%-93.2%
(Kl 4-F), DUBRECRIIE..
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(A)z 21007 RNAi B 3500 ©
Maa7IR/XIR 0.8
21800 . E 3000 | P 07| PMaaTIRXIR
21500F nee L a _"e 8 2500 206
$1200 '.' S 3 2000 | %" 0.5}
So00f %t vt T, B oisoof 2031
2 600F, .t " et et S 1000F “ Eo0af
= 300 e o« ¥ 500)° 2071l
0 : : - - 40 : - 0 R
0 20 40 60 80 100 0 40 60 1 2 3 4 5 6
Transgenic strains number Transgenic strains number Culture lasting/d
D) _ Bz ) 19«
5 0.10 [+ pMaa7IR/XIR S o
S .08 | - RNAi-1 = IR
2 "~ RNAi2 S S 508}
5 0.06 | - RNAI-3 g S = 06
: : 250
=) 0.04 + "% .% % 0.4
= 0.02 % E 02 op s -
5 0 .E M. m . =
Z. 2 4 6 8 10 b

Culture lasting (d)

()

RNAi

pMaa7IR/XIR '

4. CrUBC23 RNAi ¥ £ FEEK S
Figure 4. Analyses of the CrUBC23 RNAI transgenic algae. A, B: Neutral lipid content detected via the Nile red
fluorescence method of CrUBC23 RNAI transgenic algae and the control Maa7IR/XIR transgenic line; C: Growth
curves of the CrUBC23 RNAI transgenic algae; D: The neutral lipid content of the CrUBC23 RNAI transgenic
algae; E: Total lipid content of the CrUBC23 RNAI transgenic algae; F: mRNA abundance of the CrUBC23 RNAIi
transgenic algae; G: Microscopic observations of CrUBC23 RNAI transgenic algae. After 4 days of cultivation

(Nikon 80i 40x10). Statistical analysis was performed using SPSS 22.0. Significance is indicated as asterisks

(**P<0.01).

2.5 FEFEIE CrUBC23 R BMRAG & B

JEF LY E T 38 ¥k CrUBC23 it i3k
KEESL D BERR (pC-CrUBC23) M1 56 #tk
pCAMBIA1302 % 3L ik (pC1302) Fh MRS 75 &
pC-CrUBC23 -3 NF Fluorescence/DW il
3299.67, XfHE pC1302 ~*¥-¥4 NF Fluorescence/DW

fH} 1665.10 (] 5-A F1 B), A=Wt E 4558 BoR
pC-CrUBC23 S5%FHR pC1302 JC i & Pk A8 1k (K
5-C)o HPERRMINGE Won, BRI IE & R RE A 1SR
RGN, 55 6 RIFikE s E, HE
& FE AT IE pC 1302 SE2458 i 8.8% (& 5-D). 15
F56 8 RIBOKAREIE A & =, 450K 3 #k
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S 4000 Co el e §30000, P o 5 0.6 F = .pC-CrUBC23-1 ar-uzz
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Transgenic strains number Transgenic strains number Culture lasting/d
(D) (E)Z 34¢ (F) 25 o
o) 0.10 Dc 33+ 0 *% K +
20101 . pC1302 S 3l = o ,20 B3
< 0.08 L +pC-CrUBC23-1, ____ z 31} 2 B
5 2 30! 2 505
£ 0.06 | - g O %
S S 29+ 2 Z10}
2004} T 28t 2R
= £ 271 5 Fost
% 0.02 + s 261 &
s ! =By > O 5
5 ' AV 0 3N 2 A LIRS RPN SR
“~ Culture lasting (d) QC\ cC 0?,(37' Og(ﬂ 0?,()7/ QC\ cC OV’(‘} 0?,(;1 \)X’J(ﬂ
AT L AT L
< < < < 9 <
(&)
pC-CrUBC23
-
pC1302
5. CrUBC23 IEFRIENH
Figure 5. Analyses of the CrUBC23 over-expression transgenic algae. A, B: Neutral lipid content detected via the

Nile red fluorescence method of CrUBC23 overexpression transgenic algae and the control pCAMBIA1302
transgenic line; C: Growth curves of the CrUBC23 overexpression transgenic algae; D: The neutral lipid content of
the CrUBC23 overexpression transgenic algae; E: Total lipid content of the CrUBC23 overexpression transgenic
algae; F: mRNA abundance of the CrUBC23 overexpression transgenic algae; G: Microscopic observations of
CrUBC23 overexpression transgenic algae. After 4 days of cultivation (Nikon 801 40x10). Statistical analysis was
performed using SPSS 22.0. Significance is indicated as asterisks (**P<0.01).

pC-CrUBC23 il ig & #& LL X B8 pC1302 +

4.51%-14.03% (& 5-E). #5375 4 K CrUBC23

mRNA 7B 7x, pC-CrUBC23 CrUBC23 mRNA

FoXFHR pC1302 I 25 14 b, 3R 3k & X B i

1.91-2.20 f#%(/# 5-F).

2.6 CrUBC23 TEV R K 4t ffu b i BB 3R 5k
A5 A0 L o S T R R R R
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Figure 6.
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Ubiquitin-conjugating enzyme (E2) CrUBC23 regulates lipid
accumulation in Chlamydomonas reinhardtii

Xinghan Li', Xiaowen Fei’, Yajun Li', Xiaodong Deng'"

" Hainan Provincial Key Laboratory for Functional Components Research and Utilization of Marine Bio-resources, Institute of
Tropical Bioscience and Biotechnology, Chinese Academy of Tropical Agricultural Sciences, Haikou 571101, Hainan Province,
China

2 School of Basic Medicine and Life Science, Hainan Medical College, Haikou 571199, Hainan Province, China

Abstract: [Objective] To study the lipid metabolism mechanism regulated by Ubiquitin-conjugating Enzyme (E2)
CrUBC23 in Chlamydomonas reinhardtii. [Methods] The mRNA levels of ubiquitin-conjugating enzyme
CrUBC23 were analyzed by qRT-PCR under low nitrogen and low phosphorus conditions in C. reinhardtii.
Fragments for RNAi interference and over-expression of CrUBC23 gene were cloned, and then the RNA
interference vector and over-expression vector were constructed and transformed into C. reinhardtii. The biomass
and lipid content of the transgenic strain was detected. The fusion expression vector CrUBC23-GFP was
constructed also, and the subcellular localization of onion epidermal cells was carried out by using Agrobacterium
tumefaciens. [Results] The level of RNA in C. reinhardtii were increased significantly under low nitrogen and low
phosphorus conditions, with an increase of 4.98—5.80 times and 1.85—5.20 times as much as that in normal culture,
respectively. RNA interference results showed that the neutral lipid content and total lipid content of transgenic
algae decreased by 5.5% and 3.16%—17.6%. While, over-expression showed that the neutral lipid content increased
by 8.8% and the total lipid content increased by 4.51%—14.03%. [Conclusion] CrUBC23 is a positive regulator in

lipid metabolism, and may locate in the nucleus.
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