[CGRYEZ

Acta Microbiologica Sinica

2017, 57(9): 1383-1391
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20170247

& L F0E

Evolution and Adaptation

HEERHENHRIER

G, HER, HEM

INARRFHAEHEARE R E LR E, IR B 250100

. B AL &8 5 B 5 181 (post-translational modification) ) E 252, W &5 I3 . BEIR L F%
Mt . BEERILEGE 2R Stk b, Horb, & P (protein kinases)/f FR i (protein phosphatases) /i
SRR B RR AL S A E S S E LS, 7E DNA Zl. Bk EEBHRIE. DNA fifs
B2 A BRI ZREATEN . BAT, R E IR E TR B . EARBEIR {1
B R, R A R B R A R 1, HR ?iéﬂ]ﬁ/ﬁ\ﬁ\ﬁifﬁ%fﬁﬁl 1) il S ML 18 AN

o ARSCRE T H AP E MBI E RIS S B A il i

. FAEHT R B DNA FGHS . A Qs . 2

AR IE SLI S U TT T, RS BRI SE  RE BE

REER: W, O, EOvRL

BT BER 1b/ 25 W R A0 A6 1 A2 v 2 11 B
(protein kinases, PKs)/2M#(protein phosphatases,
PPs)fiEfb i AT, Al AR AL 240 b 55
SR E AL, b4 RE A% PR X R B AR
oo BTN, HE AT BERR AL/ 2 B AL I
AL AR B, IR . Ser. Thr
A Tyr AOBERR A AG T 2 F0RZ AR W) AT ek
SEEAZAEY) N T WA [R) 28 289 B 40 B 1 << i 6 1
MEZRMES LS, 1964 45, HR2EFAE
2B P R URERR LB (1T, 1980 ARAE) T A
Halobacterium salinarium "3 % B A B 0%
BRAABAGS), I A0 TR Ry B A O 22 1

E£&WH: PEMELERE4(11200077311030)

R RO B, A TR R E & B iR
AE =Fh A A b Iz A

A b 0 LA A R oy TR AR A 14 i R )
XF AT, ARG NS AL T S AR
YR ZALZ AL, R B AT DR i 98 A%
A W) A5 B AL 8 A AT AL R i e A I R o B
Sulfolobus solfataricus IR EE B4 %40 Ar
ZiRRW, S H5REACHAEE . HRE T &
PEARE A, ZABE (RNA G0 . MR ERIAME G |
DNA il . 5190 . Hifhseims, ATP B, 4%
ST By A o K]~ 58 2 1 AT & 2B B R A AB M 3
1K TR AR BB, A Sl Xy

“BIEIEE . Tel: +86-531-88362928; E-mail: gihonghuang@sdu.edu.cn
Wi BHA: 2017-05-14; f&EIBHA: 2017-06-26; MLEHARAHF: 2017-07-13



1384

Qing Zhong et al. | Acta Microbiologica Sinica, 2017, 57(9)

PR £ R R W ST — 2 4 s S R EA AR Y
(EReR s STl

1 +®

1977 4, Woese H 4 16S/18S rRNA )7 51 %
Feor i 1 =3eE i, A AR Sy — Sk sy
YRR B o oty TR A M i B 5 A A v 1
RSy, ZAIETEW IR . Mk PRV E T 5
WesimPREE , 249K, TEARAR Iy ol b 0o R 5E rp oty
WAL AR . BFSR R, W TR TE R
YT G e E T 20%°, X HER R IEER RN
A IR ) P 25 28 S B ME Y,

R EEAIEE 6 AT, I TR T ] (Euryarchaeota) |
SR AT ] (Crenarchaeota) . 4415 B4 [ ] (Nanoarchaeota) |
7 M [ ](Thaumarchaeota) . B 17 [ ] (Aigarchaeota)
At T (Korarchaeota) . J7 il BT ] 2 A HE B ER
mE L e R RO, SR RS
ISR R AR B T BRI TR, T S AT
FEBAE, [AIREEAAi, Sof dfas iz, A
RIUFIR DNA; {HJZ 16S/18S rRNA FF4IXS H o3 #r
KU, WESEZAEYHEMEE S, BAEIER
PR FR, T H A TE S B A Y TEAN T S B
ik, fn DNA &, ¥t BELL K DNA #it5
164 S i R A AR ™

X D B A, pER e 2 R R T
[T BAL I T (Sulfolobus), FLAH AL JEIA 55 0%

WA 227 34EF AL, BFE G —E HlRTY
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BB T 2 A A, XN T
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F1h s i) B2 AR 4 € A 5 o vy B B,
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WdXT S, solfataricus W 540 FAS[E] B9 & B
g3, LR 1318 DMHERRALAL A, X SERERR AL
MEARILT2E TAE LR E A K
W5 o 7EH: 26 Fhty B[R] U5 3L K 7% (archaeal clusters of
orthologous genes, arCOGs)H', &I 21 J5uiwk
RAbUY . RIRELE S acidocaldarius F, 2% T 801
MR AR E R B, R Ry R T
arCOGs'", BXELLE R, R 1IN I E A
MR A AE T T AR A 0 3l b BAT ) iZ R DI RE
HAmIE, 7EEAZEYE A A His. Asp. Ser.,
Thr, Tyr. Cys. Lys #l Arg b33% BRBRR L&,
BREENFES R AB T Ser, Thr, Asp. His il Tyr
sl Y,

B Ser/Thr/Tyr FIBEER fb 3 B 26 i
) Hanks 785 13 (LFRA eukaryotic protein
kinases, ePK)KSLHLAY, ePK 7EEAZ Y H L
R T RIEGER ), H A $E Tyr 8 F 3 (tyrosine
kinase, TK). E[1%M A/G/C FiEPK A/G/C
families, AGC). 5 & A5 7 & [ #1198 i
fiff (calcium and calmodulin-regulated PKs, CAMK),
RKIF TK A9 3B (tyrosine kinase-like, TKL)
290 e ) SR 2 AR/ 0 L 3 S 3R VBT b s TR/ 2
B2 e J) HEA 25 P ARG 1 2 1 93 (cy cline-dependent/

mitogenactivated/glycogen synthase/cycline-dependent
like PK, CMGC), MbkH STE7, STEI11 il STE20

EARFEEA—STE (HEEIE PN G &
RH 22 BEH H S BN E 1 sterile FEF gt ik,
A5~ STE)FI 40 il & 1 4 ¥ (cell kinases,
CK 1) fH 2 ePK 75 1 B H A 0 20 AT 523
DL EZ A0 OB AE TR . A A T
A3 oA 220 ik R B B U R A0 A A v B
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1. TREAHBEENKYS IR X FFH = 8] gER T gE125728
Table 1. Conserved residues in peptide-substrate recognition subdomain and putative functions of various ePK
groups[zs,zﬁzs]

Group Catalytic loop region Activation loop region Function
in subdomain VIb" in subdomain VIII"

TK HrDIAaRN IPikWmapE Immunology; hemopoiesis; angiogenesis; neurobiology; apoptosis;
HrDIRtAN fPvrWtplE epidermal growth factor (EGF) signaling

AGC YRDIKpeN GTpeyiaPE EGF signaling; response to nutritional stress; cytokinesis; lipid
HRDiKIdN GTpdymaPE metabolism; actin polarization; cell wall integrity; endocytosis

CAMK HrDlkpeN gtpxyaaPe Apoptosis; calcium signaling; responses to nutrient stress; mitosis;
HlDikaeN gspxfvaPe response to oxidative stress

TKL hrDlksxN gtxrymapE Immunology; hemopoiesis; angiogenesis; apoptosis
hrDlksxN gsxawmapE

CMGC HrDIKpeN vITrwYRape Response to osmotic and oxidative stress; initiation of meiosis;
HtDiKpsN aSlyYRppe mRNA maturation; chromatin reorganization; cell cycle regulation;

secondary metabolite production; cell proliferation, differentiation
and homeostasis

STE HrDiKgxN GtpywMaPE Mitogen-activated protein kinase (MAPK) cascades; cell wall
HrDvKaxN GtpfyMaPE integrity pathway; cytokinesis

CK hrDVKpxN GTaryaSim Autophagy; endocytosis; DNA repair
hrDIKpxN GTvrymSim

“Two most frequent residues at each position are shown. Invariant residues at a given position are indicated by two same upper-case
letters. Two different upper-case/lower-case letters at a single position indicate that either of two residues is highly conserved (most
frequent in the top row). Positions, in which more than two amino acids are present, are indicated with lower-case letters. Two same
lower-case letter indicates that only this residue is highly conserved and ‘x’ indicating poor positional conservation.

HAEFEEMEMN, rEHTREAR R
AR

HAIFY) Hanks BYEE I (ePKs) A PRSP RYMESL
gEF IR, ARHLAI ) Hanks Y85 13 (non-canonical
Hanks-type PKs, aPK)/&48 H A& FEERE M. H

TEMEALES RS 51 B AN ORSF Y F R . ePK
MEALAT I 12 MRS (R 1), N
Uiise ATP Z55 1 X, C s IS 2 k4 & Mk
PRI A e R I X, S ZE A I PG Lys Al
VIFR 4 Asp AR ORST Y, FE w5 FIE 7] ATP;

Lys Asp Asp

Y Y
N-terminal lobe C-terminal lobe
(ATP binding) (Peptide binding and phosphotransfer)

E 1. #ABEZEYEBQHEEELEEE
Figure 1. The ePK catalytic domain. The twelve conserved subdomains are indicated by Roman numerals. The
ePK domains consist of N-terminal and C-terminal lobes connected by a hinge region. Binding of Mg-ATP is the
main function of the N-terminal lobe and hinge region, while peptide-substrate binding is mediated by the
C-terminal lobe. Three important invariant residues for catalytic function are the Lys in subdomain II and the Asp in
subdomain VII that function to anchor and orient ATP, and the Asp in subdomain VIb which is the catalytic base in

the phosphotransfer reaction'*,

http://journals.im.ac.cn/actamicrocn
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LZERIRVID RSP Asp AEFERSTERR BEI 1,
?ﬂﬁ%ﬁﬁﬁﬂ,wK@ﬁ&K%%%%ﬂ%
Fydsf 1. 1. VIb FIVI, aPKs J&E% 6 REGLH
&Kﬁﬁﬁ%%Mﬁmm

A 2 R AL AN P S S R P
B, LEANAERERE T i B X B AR AL . R Y
JUR T TS R T R AL 225 T
EAREL R s

signal transduction systems,

P17 & 4t (two-component
TCS)%t His 1 Asp 3F

TRk, i ePK KB 1L Ser/Thr, 1R H
6k TCS, HAEFIA ePK % Ser/Thr #F47HERR

PRI A 2B HE T B R Y TCS S ad K F I [R5
#(horizontal gene transfer, HGT) A A",
TR T ePKs #b, it 4 aPKs, I piD261/Bud32
K. RIO Zj% . ABCl1 Fl AQ578, fbfiTLAER:
R4k Ser/Thr #&JE .

TEdEY, JUHIE AL T, Tyr FBERR 1L
e, RS HATNIE, BT EM Hanks
A Tyr A BEEESCE BY & B (bacterial
protein-tyrosine kinases, BF4HEAZS Tyr 5 HPLHEE)
FIHRIE , XERUH A PR LA . Al DIRER
b Tyr WEEEME. Rikzsh, JLPaE—fh
HER A Gt ePK TR VR AR (1 0 FE R A7 7R, 157511:T
—MhE Y, XMERMBEASREZ, @1
1-4 APU S solfataricus &4 10 4> ePK BT
LA, HIFEAE 1318 DMRRAb AL, &l TP iR
A28 1 o R O R O B, R
BH T B A AR A AR 2 B B

3 ZAwEWEA

3.1 DNA Ui
piD261/Bud32 J&—Fh aPK, 7EREEER4NHBE
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F1 Kael (kinase-associated endopeptidase)-5 HAB
M —#E 4 % EKC (endopeptidase-like and

kinase associated to transcribed chromatin)/KEOPS
(kinase, peptidase and other proteins of small size)

ZHEAEEIR, 255k SE K E 2L Y
et B Y Kael 2 mAEERY, (A2
Bud32 (FkP [ EE)/PRPK (A ) KI5 2E 11 HUAF
T EAZAANL b AP i 2 N
I PR B AP B Rl A B 1 SRR Ak
WFFEF I3 2 A8 AT O AR AP 1 1 Bud32
EAZHWAARN Al BREAEE, A¥HIA
5 HAE piD261/Bud32 S T, AAvie
ATP [, AT AR 2 A8 PRI —Fh oA
SR HL 2 5 I R4 IR R 4 52 B sl A v B

R HGY TE Pyrococcus furiosus TE v 5128 A4 B8
ST AR S AAE R, B HAATE LS & B,
MMETEZ B y SRR JS HOER 40 234k, Horp
(125 34 PFO364 (RIO2 ZE 1, L4 J& 1034
S mRNA F i 2RI, {3 RIOT 5 mRNA
K FIEPY S solfataricus W UV BB  v] fi
SsoRIO1 F iR, ARSI 1 A i KB,
DNA %Ak H JLA R B i (methy] methanesulfonate,
MMS)EHE S, islandicus J5, RIO1 [RJE&E T,
1Ml 55—~ 1 SiRe_2600 H1 L3 TEY, Hit
TUT’E{E' RIO HEFHEZ 5 DNA Hifh & EiE

, AR EARBPLE AT
3.2 AHEAH

TEN E P His A1 Asp BYBEER L A8 B X 2015
ST RGUTCS) KL LAY TCS HPiHEs sy
R, H—J& His JBN 130 (histidine sensor
kinase, HisK), H — &% 1875 25 [ (response

regulator, RR). 7E Methanosarcinales harundinacea
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H A Fill-FiLRs TCS, Fill /&1 Mhar_0446 2t 1
HisK, FiLRs ZMRYETFIIMEMA RR. LH R
M. harundinacea " e 5 32 Fill-FiLRs TCS i
1Y, Fill AEMSHEMRML FILR1 Al FILR2, H Fill A RI4
S A A5 = o T
lactones, carboxyl-acyl homoserine lactones BEfZ 14
Tl 2 ML S A 5 722, S 2 A0 L P ke £ B it 2% 1o
F e iy AP,

W& LR T8 Methanohalophilus portucalensis 2=
FEBE L AR R A, d 0 149 i
B AL B 1 BT B A0 BT B, 26% MR 2 5
FF B AR 5 R Y R AR A BGaR 10 itk
N i 2 B2 (Py ) RE HH “BRFIZE A1 UAG Fifid, 4l A
B AW PR, 25 ERE . M.
portucalensis "L 5 2 E tRNA 5 B C i ) 22
AR A S REAS TR T HXT (RNAD 33 AE
SN Pyl-tRNA™ 945, T2 Y e FP SRS
g vE A0 Methanosarcina acetivorans H ) tRNAY!
SRR . AEe sk T A s B RE .
L AT DAL 1 22 e (RNA A U R iR ) R
We A U B BN . M. portucalensis 15 H &R/ 2R
F L R4 i (glycine sarcosine N-methyltransferase,
GSMT)RHEAL T & LRI SEm, 4715 40 8 3%
MpGSMT Hv Thr®® [ iR 1 X Ho i i H R FF
e R T A AR UL R PP R % I 24 A R 1
FARO AR LA A TR T A e AN T A

VeI Haloferax volcanii W53 3R, K&
BrFRFEr NaCl YRR, hvlrelp HY5E K
SRR TP Trelp B EAZA Y ki
YEFIRY Ser/Thr #5 N, 2T 8 F BN &
WA RN 2 1, hvlrelp J& HAE H. volcanii FHY
[l (11— FUPREE i R R T g R T
Y Rl AR R AR, AR R Y — S 1 B Y S () 45

carboxyl-acyl homoserine

¥y K e A A — 4TS, hvlrelp BOFE B ,
vE s R B I, A sh i & A ih
o P I B i A

33 4ufEEH

RIO & 1¥iE/e aPK #Y—Fl, {4 RIOL,
RIO2, RIO3 Fll RIOB PUFEHAL . FAZ LY HBTSE
K, RIO ZH5RBHAREY) G L. HEFFge ik
Fe e R 4 L A0 ) T R T T R
il R s & A RIO JE™) . Jf HLAE RIO
FE BRI AT PRST 0 55 5% s A B IR 48 AT S Y —
FHNSEHNT, Wi RIO Sl T A9 SR B
P A AR, IR A . (B R
Hh ) BAR I BB ANTE 28 L H. volcanii WP ARSI 56
KW, RIO1 RESBERR L EE FI A 208 #%.0 UKL A
al HEAW, EE AR R, A
1L FLAZAE YA T R RIO [W]EEE 119 )7 51 A g
ST E, AR BRI R ) RIO &4 A & ATP 76
PE, MARSE MBS, 25 8HA R G
e,

HAZEYEIVEEIG N T 20 (eIF2a)AEN8 AT
HEERARIE , EIEG T P. horikoshii 8
(PhO512p) & E 4% LE W) AOM T XU HE RNA (19
elF2a & FIHAFhPKR) WY [FIJREE 1, BEMSAE (A
BERR AL I elF2a (B alF2a)H (9 Ser®, Hfn
elF2a 11 Ser’" [F)J& F I 15 2 (15 M i B IR AL
A I HiZAL S AE Methanococcus jannaschii |
M. thermoautotrophicum . Archaeoglobus fulgidus
FI1S. solfataricus FRER RS RS solfataricus
A elF2o & HHIERIFIRE A, o Ss02291
S503182 Hl Ss03207 kSR, R FAT AT LUAED
TEdE T, alF2o RENSIE S WERR b/ 22 B AL 4 Y
EABA .
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3.4 BEHLEH

R i ARG N B 7
(ATP fitf uﬁmewewa%w@mm,ﬁz

SHLT A A R, FR R 1 S5 Y e
Bah™ H. salinarum R FIHEE S REE D2,
S FRIA Y H. salinarum Y R)—Fh His EEI‘JEJ‘(W@
——CheA #iiBR)G, H. salinarum BEF]EEE RE
Pl BRLZ AN, 1€ S. acidocaldarius W, arnS
(Saci_1181)AE4T5 Ser/Thr 5 [ 118 ArnS (archaellum
regulatory network & [, Arn 8 [), mbRE SRR
PR HEE BB IE R, (RN shRE JTRE IR
ArnA F1 ArnB BEHP ] A#HEE A FlaB 131k,
F¢ —F MRS, FlaB S igfn, 4Rz e
5o SRT ArnA 1 ArnB HIIRESZ Ser/Thr 2 (13
i ArnC . ArnD Fil Ser/Thr B2 H§ Saci PP2A JL|H]
JET, UEmiRE S FlaB &R, S50, i mA
IR S. acidocaldarius ) S. solfataricus ")
ArnR TERNERREREIR 1L, W7~ 5 E WEIR TL 2
Tl i s s b T

S. tokodaii 1) ST0829——fi 4 FHA 45443
A S DR 5 BE S 5 10 4 5 06 2 11 O PR A1) 3
F(ST2519p) X 4, P EE A pysRiE. M
Ser/Thr & [t ST1565 RE M i B B 1 40 il
ST0829 F1 ST2519p =2 [a] A AH EL A P, HEiE 4y
ALY iz shRE

4 R#&ES5KZ

A SCHEIR Tl TR P Y 2 8 ——ePKs |
aPKs } TCS iz 5y mat s, F2A4uFE DNA
PN A s s, Mbed G MB35 Ry
A BT SRR DA TR B 2 1 P SRR TR R
SRR, (HRH R AV 2 BAR R R R AN
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2, RO AE U A, BT, A0
X R A R T AR R R, AR IR R AR
fiph . SEAZEYTH Tyr BRRRACAE E L] AE
2, Sulfolobus F A R &Y Tyr BERILAEAE, Hik
SIS R R AR S, JCHE Tyr BEA
W, R—AEEMR M. s, HEEY
H SR AR 22 11 B T R B 1l R I 4 AR T AR A
A5 S5 1 S A I 2%, T HGE Y A0 Ser/Thr
R A e S I AR 50T iy B e
A XIS . BT, FNTIELETF XK
AL (S, islandicus) U A 4% 55 1 10
Z [R] A ELAE R R s s it g, IR R3] 2 4
REBERR 1L 24> HoAb 2 B Y . AT RB AL TR 1
JZ B LN, ORI KR = AT T R A
JECw E NN

Z % 3 W
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Progress in archaeal protein kinases study

Qing Zhong, Yulong Shen, Qihong Huang’

State Key Laboratory of Microbial Technology, Shandong University, Jinan 250100, Shandong Province, China

Abstract: Phosphorylation is one of the main types of protein post-translational modifications, which can be
catalyzed by protein kinase, phosphotransferase, and phosphorylase. Among them, reversible protein
phosphorylation mediated by protein kinases/phosphatases is an important mechanism of signal transduction in
cells and plays regulatory roles in the processes of DNA replication, transcription, protein translation, and DNA
repair. The study of protein kinases in archaea is still at the initial stage. Although phosphoproteomics studies
showed that there are a large number of phosphorylated proteins in archaea, their specific enzymes and regulation
mechanisms involved are still unclear. In this review, we summarized the putative functions of the protein kinases
involved in the cellular processes including DNA metabolism, cell metabolism, cell cycle and cell mobility
mechanism. Finally, we also proposed the perspectives of studies on archaeal protein kinases.
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