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Characterization the response of Chlamydomonas reinhardtii
serine/threonine protein kinase mutant to blue light

LI Wangning', LIANG Mengjing', YANG Ze', LI Yanan', ZHANG Chunhui', JT Chunli',
LI Runzhi', QIN Song?, XUE Jinai'", CUI Hongli"*"

1 Institute of Molecular Agriculture and Bioenergy, College of Agriculture, Shanxi Agricultural University,
Taigu 030801, Shanxi, China

2 Key Laboratory of Coastal Biology and Biological Resources Utilization, Yantai Institute of Coastal Zone
Research, Chinese Academy of Sciences, Yantai 264003, Shandong, China

Abstract: In order to investigate the molecular mechanism of silk/threonine protein kinase
(STK)-mediated blue light response in the algal Chlamydomonas reinhardtii, phenotype
identification and transcriptome analysis were conducted for C. reinhardtii STK mutant strain
crstkll (with an Aphvlll box reverse insertion in Stkll gene coding region) under blue light
stress. Phenotypic examination showed that under normal light (white light), there was a slight
difference in growth and pigment contents between the wild-type strain CC5325 and the mutant
strain crstkll. Blue light inhibited the growth and chlorophyll synthesis in crstkll cells, but
significantly promoted the accumulation of carotenoids in crstkll. Transcriptome analysis
showed that 860 differential expression genes (DEG) (559 up-regulated and 301 down-regulated)
were detected in mutant (STK4) vs. wild type (WT4) upon treatment under high intensity blue
light for 4 days. After being treated under high intensity blue light for 8 days, a total of 1 088 DEGs
(468 upregulated and 620 downregulated) were obtained in STK8 vs. WT8. KEGG enrichment
analysis revealed that compared to CC5325, the crstk1l blue light responsive genes were mainly
involved in catalytic activity of intracellular photosynthesis, carbon metabolism, and pigment
synthesis. Among them, upregulated genes included psaA, psaB, and psaC, psbA, psbB, psbC,
psbD, psbH, and L, petA, petB, and petD, as well as genes encoding ATP synthase o, B and ¢
subunits. Downregulated genes included petF and petJ. The present study uncovered that the
protein kinase CrSTK11 of C. reinhardtii may participate in the blue light response of algal
cells by mediating photosynthesis as well as pigment and carbon metabolism, providing new
knowledge for in-depth analysis of the mechanism of light stress resistance in the algae.
Keywords: Chlamydomonas reinhardtii; serine/threonine protein kinase; blue light stress;
transcriptome analysis; differential expression gene
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5T Vit AH DG Ty R 35 DR XT3 B Jo 3 Ao o B PLVE S AH ST S R a2k, DATTT 3G S AE 40 1Y)
4 (protein kinase, PK)&Z S Mria &y ikl
FEPFEEEA, RZIRERY, e PSR R R,
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R, B REN R R R4 T R R R AR,
it H e AR IR AL B B B R Tb A R R 4% TR e Y
G Mg, B ERZHY s T
F BB, RIS, BT mE L
ZU g EE" . Fanth et kgt
KRGS, SRR IO Y i IR b 3o AR e E
5B 2ES, At RIRENRA L
mER MR TR BREZ MRS IS
2K Z K 2B [ 3 il (receptor-like protein kinases,
RPK 1)L GTEME | i Z K8 s, Rk
RPK 1 &5 F 15 FE R 4 Al vk b PG 5, )
AEBILAC RAF IR rpkl-1 X K SO PEFR AR DT
4 24 J50E A 2 B8 (mitogen-activated protein
kinase, MAPK)Z K i 18 & H A% A W) v 3% ik A7
E =Y S R R s = W A A L
FEMAF I 23k ZmMPK 17 (1418 AR A o 45
DGR B R R AERR BT A AL B H R SRR E
DA R R I SE Y 26 A vh i 22 SR 9 A
1 0 0 FE VS RN R W38 1V 28 Hh i 3 E AR
AT FE KRG 215 OsSMAPK33 1] 3 342
1R KRR X Tk 3 1 U

) 2 U R AR L 4 AR 2
PR Z—, HIEEYIE S mith &
FERVE B v g b, (B FIHE s 15 5
T [ AT 3 AR v TS R W 4 e o K A
o, A N SCTE B AR AR R AR Y B AR )
2EUBE M AF S B XA Y R B i
PCC6803 1 22 2 1R /7 2 BR A SpkG 2 5 i
i w5 1L, ZE R/ ARG SpkE
AR ] B 2 5 A0 AR B = PR B8 A 5209
Ffgi, WA S TN F SRR ARG T HAR
i (histidine kinases, HK) Hik34 P [/l i 1 20
Z iU, et Ol o 3 N R R M Rk 22
43 M7 % B3 K 38 (Synechococcus) PCC7942

&: 010-64807509

Ser/Thr K (13 Stk196 25 ik ia 15 5
35, i THUIEiE S (Spirulina platensis) stk2103
AR 55 R mEIL, SESERIAR
i, RUZIER TS5 T 4l 108 e 3 i
J A g

H e 2 1 38 rY A 58 AR BR AR R A= 0 i
ECTE L Rt AR S L) R R i Ly T
Xt F o S a8 A 08 . Snyders 5538 13 X L FE
I WP 2R B K FE 1 B (thylakoid protein kinase,
TAK) TAK1 FIWF5E, 4550 B TAKI RA(K
(TAK1 R IKIKFFEAR) 8066 1 Ukl 2 K A8
b, ot i UM R Y s Rochaix AF 5 & 3R
TEBESS MR A AE Y PRSP Ser-Thr 25 71 B
BIT-Z 5 7 XG5S AR Ak A 0 W AT 138
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CrPhot # B./EM , H CrCBL W3Rk 32 JE I8y,
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SRR ER AL A0 R, H4lsE 1 H3 Bk
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W L, AH I T 6 W38 X 3 B A B 22 5
TR /9 2 TR B 11 K G 1 8 TR0 B LA St 22 S R DL
il . ik, AR EE A CC5325 M
22 SR I0 R AR PGS0 bR erstkll SHAFSY
XA, SrHT i G R E () RN S 22 5
0 25 BRI B 40T, AT TR
STK's A5 ¥ S W3 w07 4 S (A %, A4t
TN T A UL R S SR

1 MR5r%

1.1 CEREFES

k. SEBEACEE CC5325 (fAifk CC5325 &,
WT)FI LMJ.RY0402.254001 3 (STK 245, fii#i
crstk 1) ¥4I [ 3B AC BE R R e B0 BLORAE T
L PG Ak K243 F A0l 55 A W e IRAF 5 T i
%, KM TAP (tris-acetate-phosphate)55 725, &
Atk orstkl BN e 8 R (10 pg/mL) #4555
BRI R 23 °C /MG ISR (12 h)/(12 h)
20 pmol/(m*-s), KiFEIAMRIEE K EHEEM 2 1K, B
- ARARING R 55 5% 2 SR A R B O
1.2 corstkll BREAERD FEE

KA CTAB J: 2B AE RIPR CC5325 FIZ
A Kk orstkll (5L 40 DNA, #2455 ChlaMmeSeq
PP 3 AN B, DU E IR A S TE R A RR
H A AL S . (1) FIZE stk1l 519 F+R 5l
WADLE; (2) 5 F+C1 JBA & FHE19)51 4
XTI SR A SRR ER; 3) SO A& L
5197) C2+R 51¥%F Y 3 4 A S 3L PR 4 42 . Fir
SIEIER 1 b BEFA: 98 °C 10 min; 98 °C
30s, 55°C30s, 72°C25s, 30 MEH; 72°C
10 min, BMEMER 3K,
1.3 S BIEHRNE

AR HRZRIE . 7E S AME A 30 min A9
TAE G SIS AFE 54 3 mL, R £
PEIEEETTE 680 nm KR I E R AY RO
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Fz1 XPHRAMSIMER

Table 1  Primers used in this study

Primer name Primer sequence (5'—3’) Size
(bp)

Actin-F AGAAGGACTCGTACGTTGGC 20

Actin-R CCAGAGTCCAGCACGATACC 20

stk11-F CTCCTACCCGCTTTCGGAC 19

stk11-R CATCAGAGTCCAGCGACCAC 20

ATACTGCATGTAATGGCCAGG 21
GCGGCAGAATAGTCGCGTAT 20

Cassette-C1
Cassette-C2

psaA-F TTGTTAGCCGATAGGCGAGG 20
psaA-R TCTTGCAAACCTTACGGGACA 21
psbA-F GTTCTGACGCGTTTGTGAGG 20
psbA-R AGTTTACTTGCCCGAAGGGG 20
atpA-F ACTGAAGGTAGCCGTGTTCG 20
atpA-R ACCTGTTTGACGGTCACCAA 20
petD-F AACCTGCTTGGCCTAACGAT 20
petD-R GATTGGACGACGGTATGGGT 20

{H(ODgso), ODgso FIAEfLFR A A K o 5%
BB 3T, BAPATIE 3 IR,

ERNE : ARINE S E R R k.
1.4 NFFHEEmAH &

XIS R SR, BOE R B R4 T X 4L
RSN I 20 SRS AL PR 24 h e, EHEFT
TAP Hifedirh, HHRE 3 MEYFEE, #
HY A4 bk CC5325 FZRZERE crstkdd 73 il & T i
J(420-500 nm, 1 100 1xX)5MF, 439G
AbFE 4 d J 8 d HHFAE R CC5325 21 Ao A8 bk
crstk11 4 EAE A FFESL, 4 °CL 4 000 r/min
250 10 min AR SEANME,, W EGER VRS FH T k%
ZALHUE AR BOERHE A BR 2 /1T .

1.5 HREAFIRLIERHHEZ

HE DT 3RAS 19 [ 46 B (raw reads) i JiE 45
A3k LA A reads, P38 1 0 4 1%
M GC T i 43 A A A AR AT 5 22 43 B 158 T A vy
it i ¢4 (clean reads). F)F Trinity #KF(FRAN «
v2.4.0; ZH0E : min_kmer cov: 3, HAth=
BONBANSEOMATA R TR — e skdl, DA
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WAE R G E 2% P4, B T i
KA HE S AAE y unigene , I XT5E 554 [ unigene
M B TS
1.6 e IR RKEHIREZESH

PG A Corset BIF T2 R B, 15
FI| FASTA #& 330 . S 3RAS 4 1 A9 L R D) RE 15
BB 245 2 A unigene 43 57 BRI AR TUAY R
[l (non-redundant, NR)Z(HE 2 . . ¥ 51 (NT)
AR | ARG Pam) B8R E . R AY
HOA E AR E PR R R R K
(KOG/COG) %t #is P2 . & 11 )y 5 % 48 %
(Swiss-Prot) . AR A 5L H 4 & #l &

(Kyoto encyclopedia of genes and genomes,
KEGG) M %:[K 4 (gene ontology, GO)%UHis J4E W

FrHER R 2, IR e B A B % E
unigene 2 H .
1.7 EZEFREFEMRTEDH

TERE A AT R Z G, AT
HE 0 5 5 B | 7 B O 32 B e B (expected
number of fragments per kilobase of transcript

sequence per millions base pairs sequenced,
FPKM)E 275 3[R 3k 2 1 & Ik, FIH] TBtools

A IKBHE (BUM) A FRA FI XA EZH STK4
(KR, TFCAETE 4 d) vs. WT4 (P A, Bk
AbEE 4 )L K STKS (748K, wmEabPE 8 d) vs
WTS (F AR, E AL BE 8 dyFE b AT 22 5 2 R
Tk
1.8 EERECoSKILXTHSESIERHE
KEFWRIEEDH

A5 308 B 1 A 3 or stk 28 A8 vk R O6 4
FGh A psbA. psaA. atpA Fil petD 7E4 H
RIS, SIS IR 1 FER, BT AC 8 crstk1l
RASKRH psbA. psaA. atpA Fil petD 25 5: K 7E
IR G a T AT Rk . PR
B3 ANEYEEATEM 3 AR ER

&: 010-64807509

2 EREG5M

2.1 SEEAE orstkll RIIREE

CrSTK11 H: A 7E 4 i )7 51 (coding sequence,
CDS)Zitdh XA — &Il A (B 1A). T 5
WEZ4d A, DNA /K3 FF 3 %5191 (F+R . F+C1
1 C2+R)iE4T PCR, 45 R /R DL WT K2 DNA
St , HA F+R 774 PCR P2#(1E 300400 bp
ZIal); LLZS7A8 bk orstk1l KLPK2H DNA MHEAR ,
F+R JC PCR 774, Tifi F+C1 fil C24+R &4 —4>
PCR 7¥J(1E 300—1 000 bp 2 Ja]) (& 1B), RNA
K EAA S Actin-F/R fil stk11-F/R, LU
CC5325 1 crstkll [ cDNA WEHR, 514
Actin-F/R &4 —~ PCR P ¥)(1£ 300-400 bp Z
[[]), 514 stk11-F/R BF 4 #k CC5325 51—~ PCR
P H(TE 300-400 bp Z[A]), 22748k crstkll A ™
A PCR =¥ (E] 10) 150 3R B & LA LTy 1)
1 A crstk1l i CDS gt X .

PE— ST EF AR RR CC5325 IS8 #k crstkll
EAT [ AT AR B 0 E , 59 068ESE 1 H A A,
KB CC5325 7E & B R R APk B AREIE R
AR, T orstkll 7E S EUE B R AP AR 4
(K 1D), ZJETE&A Bk R 1 TAP WA+
P T E A FE(E 1), BIFEWE TG
2.2 ISR IEEIE CC5325 #0 crstk1l &
KEBEHEN

kTR 15 s B8 X 9 AR Bk cr stk 11 4 fifg
AR (& 2A), I ODgso HE 2 il A= 4 il
2o WE 2B, 2C iR, EREAKHE CC5325 Fl
crstk1l 7E56 2-6 KA T BUAEKE, 4 6 X4
Pl BE IR BNIEAE , BEJS ZMEREL. TEIEH AR
FMET, R IR MR A KRR, B
FHEAHBEES, WAIEWARKE 2B). &
EEOEI A SMET, orstk1l 848 bk AR K R B
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Figure 1
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Schematic representation of the crstkl1l mutant of Chlamydomonas reinhardtii. A: Schematic map

of the inserted cassette. B: PCR confirmation of insertion site in gene DNA sequence. C: PCR validation of
the RNA levels at insertion sites. D: Plate screening of mutant strains. E: Liquid screening of mutant strains.

P: Paromomycin.

WA 20), #F—PIME AR T EER, b
HEALBE 4 d, FA)%E T CC5325 Fl orstkll 48 & a,
M4k b MRS NRERERAVE,; 7Ei
JTF 5 CC5325 FHLILER, crstkll M4 a BE(K
14.2%, M4 b &A% 20.6%, MR HISHE b
Z T 8.8% (& 2D-2F), YGIEALFE 8 d, "L
Fi CC5325 F1 crstkll AR R &5 4R
B, HREAEFDE R CC5325 Fl erstk1l M4 a.
2R b NEHE MRS EERARE,;
5 CC5325 fHELEL, crstkll MF24R3E a FE{K
32.9%, M4RE b AL 39.3%, HHEHE
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£t 53.5% (& 2D-2F). DL E45RER, 57
e, WOtREE EREAREAR S, B2
15 OEAF] T 2R AL KR erstk1d 1A K DL A B R 1Y
FUE o B HE 2 AR Mk (i F CDS XA KRB &1
AN W O ) STER 2y 1 O i 1A RN
EQIUEEyL7
2.3 SEREACE orstk11 38 RAAHHIZE. ThaeE
BEREA%SFETIFN

B S P R4S raw reads Ji5, KBR#EL
fICF 74, A Trinity 5AFRAS : v2.4.0;
SR E . min_kmer_cov: 3, HALSECHERIN
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ZH0), ¥ clean reads #£17 M3k (de novo) 2 % i,
sk, JR15 61 893 N4 kA (transcripts) Al
27 840 N IEE & )7 51 3K (unigenes), HAH
KF 2000 bp A9 51iEF] 23 617 4~F1 8 536 4~
(% 2, 8 3) WAL ZE SRR , ¥ /A Fl unigene
f9 NSO {E 35 R TP IME, R S dH A 2H 2k
R

P S FHFE NR, NT, KO, SwissProt, Pfam,
GO J KOG Z8 50l v 2= /0 1 A0 e b i
W, FERRIER 90.09%. HAFE NR, NT,

GO K Pfam ¥ EMERRE m, 5k %
77.83% (21 668 £%).71.99% (20 044 45).52.12%
(14 234 %)} 52.12% (14 234 %%)., 6 2271 %
A5 T 2 90 e R A A B PR TR e R, TR

BT 7 AR EN R, 25082 MEE &RikFH] 8.15% (3 3).

Bl 100 B 301 o ck-cC5325 C 301 o BL-CCS325
S _ 2.5+ = CK-crstkll 2.5 = BL-crstkil
20 20t
¥ 15 g 15
S S
1.0} 1.0}
05 0.5
CC5325 crstkll  CC5325 crstkll] 0.0 . , . , 3 i A ;
o0 2 4 6 8 0 2 4 6 8
Time (d) Time (d)
D 20 5ekcesszs E 12 ock-ces32s F =4 ock-cosszs
. 1 CK-crstkll] — = CK-crstkll] oy =3 CK-crstkl]
% 16 | BmBL-CC5325 ;1&) 10 mmBL-CC5325 g 3l B BL-CC5325 a
£ mm BL-crstkll b b g gl B BL-crstkll a 8 B BL-crstkll | b
2 12t a B bb 3 &
£ 2 b £
= =] 6t b o 2t a
2 gl 228 gl g 2 B
S & 9 4t =
= 4f = 517
5 5 2| :
0 0 “o
4 8 4 8
Culture time (d) Culture time (d) Culture time (d)
2 EEENSEEARGE CC5325 Fl crstkll £ K R B E/I M

Figure 2 Effects of blue light on growth and pigment of wild-type Chlamydomonas reinhardill CC5325 and
crstkll mutant strain. A: Difference of blue light reaction between Chlamydomonas wild strains and mutant
in different culture periods. B: Growth changes of Chlamydomonas wild strains and mutant under white light.
C: Growth changes of Chlamydomonas wild strains and mutant under blue light. D: Changes of chlorophyll a
in wild strains and mutant under different culture conditions. E: Changes of chlorophyll b in wild strains and
mutant under different culture conditions. F: Changes of carotenoid a in wild strains and mutant under
different culture conditions. Different lowercase letters indicate a statistical difference at P<0.05 level.

R2 KERERRAERAMIEEEFINERFRFIIK/)

Table 2 Sequence size (bp) and number of transcript and unigene in Chlamydomonas reinhardtii

Transcript length interval 300-500 bp 500-1 000 bp 1 000-2 000 bp >2 000 bp Total

Number of transcripts 11711 12 369 14 196 23 617 61 893
Number of unigenes 7271 6 249 5784 8536 27 840
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25 000 F Transcript Iength distribution
20 000
wl
=
2 15000
e
A
©
5 10000
g
=
Z
5000r
. | T T
OO0 OoooOooSooSSSS D
e e R e e e e N e N e e e e N
TN ONGCR S~ TN ONGCR S
e ey ey ey e Y
Al

Transcript length interval

&l 3 Unigene F3HKE S

Figure 3 Sequence length distribution of unigenes.

R 3 RARERHFREFEEFINEERNELR
FITER

Table 3  Statistics of annotation results of unigene
functional annotation in Chlamydomonas reinhardtii
Database

Number of Percentage
unigenes (%)

Annotated in NR 21 668 77.83
Annotated in NT 20 044 71.99
Annotated in KO 4528 16.26
Annotated in SwissProt 7 668 27.54
Annotated in Pfam 14 234 51.12
Annotated in GO 14 234 51.12
Annotated in KOG 4156 14.92
Annotated in all databases 2271 8.15
Annotated in at least one database 25 082 90.09
24 FEHRREOSKILFEREAREREZRIE
w2l

FEH 22 R 3R IR e R, WAL PR
4 R (STK4 vs. WT4), LIS A BE WT Ryxi Bkt
Bl RAZFR orstk1l A 860 ~HE R (1) ik i & A=
TEEAMCET 559, T 301). ME#Ew L
SRR BRES E] A 3G 0, R AT R S R B
ﬁ%ﬂm A 1088 NMEHPFEEKRAET B

AR ETE 468, T 620) (K 4A). 4T B
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KAl , BOCALBEA R E, STK vs. WT 344
1 22 5 IR FE R R 184 1~ (I 4B).
25 KRERECOSKILFERHEAERFRIEE
B GO EBN

TR SRR N IR, XE Rt
TR AR ZE R RIBENMIT GO Fh. 451
IR, BT orstkll 5 CC5325 #H L,
A 501 45Kk FLH (differential expression
genes, DEGs){ 2] GO %¥s 7 0y A= Wy o 72
(biological processes, BP) . 4fffIZH 43 (cell components,
CC)HI43F-PifiE(molecular function, MF) 3 KA,

A 900 [ Up-regulated
800 F [ Down-regulated
g T00T 620
B 600F 559
s 500 468
g 400
E 301
P 300 |
= 200
100
0
STK4 vs. WT4 STK8 vs. WT8
B STK4 vs. WT4 STKS vs. WTE
676 184 904

4 BEAFSTRERE oSkl EZERERR
B

Figure 4 Differential gene expression analysis of
Chlamydomonas reinhardtii crstk1l grown under
high intensity blue light. A: Analysis of expression
levels of up-regulated genes and down-regulated
genes in STK vSWT in different culture periods. B

Common differentially expressed genes in STK vs.
WT in different culture periods.
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