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Abstract
PKC-60 (Protein Kinase C-theta) can phosphorylate the serine/threonine of substrate protein,
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participating in important physiological processes such as T cell activation, signal transduction and
immune response, and related to many immune diseases. Thus, it is of great significance to study its
structural dynamics and key residues. In this work, we construct PKC-6’s elastic network model,
and the important functional areas are identified based on GNM’s slow motion modes. According to
interresiduemotion correlations, it is found that there exists a negative motion correlation between
N-lobe and C-lobe, consistent with their open-closed motion, which helps for the bound ligand’s sta-
bility; in addition, there is a positive motion correlation between DFG motif and catalysis related
residues, which is conducive to the catalytic function exertion. Then, the perturbation response
scanning method is used to identify the key residues for allostery, and the results suggest that the
key residues of high sensitivity are important for ligand binding and enzyme’s catalytic activity. This
work helps to strengthen the understanding of structural dynamics of PKC-0 and provides im-
portant information for kinase inhibitor design.
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1. 518

WAL E B C (novel protein kinase C, nPKC) & — 28 RENS I IR A0 18115 R4 22 2R 75 Z R O Tt [ 1]
[2]. NPKC B3 6+ ev 5y o Fl O SEMGL, S5 ZMANIESH FREMAEILREZ]. Hd, PKC-o F2E
SAERE MM IS5 T ARSI G Mg, L ORIE S 2P0 0 K AERUR R AROR[4] [5], =&
FF0 T G F BB A R 5] R TR A

PKC-0 F1 N 5t 53R C S ie s AL I (A ) LR o SR8 A4 35 1 B (O R A o LR T 28 5
HE[6], — RINBERRA TSR], HEm ARG RE AR D6, s 1 Fos, Blis ik
TS, N i/ (N-lobe) Fl C i K (C-lobe) M 45 & —A4~ ATP 401, % ATP fEBR L fE s 7a Y
IR EAAR[8]. WiE ¥R (Active-loop) & A TR 7 ML AL DFG 3 /7 (Asp-Phe-Gly), HAEH &% ATP &1L
T TR IR . BEHE L oC MRJE5 N-lobe AHIE, ¥F L Thr536 IR 1k 2 T BURBEM R F57%. oC
W TiE /& N-lobe Bii7K LRI —HB 5, 1EFTA Bl R ¥ B2 AR AT DhRe[8] [9]. & & H & BRI (G-
rich loop), BN =AM FELRSF I H 2B GXGxXG )7, W% O sh& I . 2 FE D) he 2 8 Ar
JRUEISIR, FFERFIREEM R R E TR, HRESZ A C[10] [11]. HT PKC-0 ZIRZ %
TRIRITEE A, BT DAHEE M 3) )2 BB R 2 B 1 T2 R .

ST, Graham 5 A\ 5 50 B HUAR AN B RR AL RE S ME HUAR LB T V50 € 1 PKC-0 I BERR A0 A7 50
Thr538. Ser676 1 Ser695, EAI 17 AIALTHUEIA . B MEEF BRI T -, H s i i fb 20 E
Hi[12]. BRT7M, Seco &F A 2rT5h 715 (molecular dynamics, MD)RE A& BLIE P B (0175 T
ATP 5540 s T I, a7 1 OE A BH 5 -5 I AL (R R 5C &R [6] . 1gbal #1 Hatmal %5 AF A MD 4%
L3750 2 7 348 B T AN [R) 09 PO AT RSB i 7RI [13] [14]. ARPITE SR, XK 235 #E4T MD B2 4R 5
FEIT I, DRI AATTHR H 7 HEREAL F g8 9 4% 455 78 (Elastic Network Model, ENM) F T 78 44k 70 1451
S IRERI K AR[15]. PIRIME S ENM R AL 5 17 1 24 B8 (Gaussian Network Model, GNM) [16] 41
% ) S 1 X 4 45 74 (Anisotropic Network Model, ANM) [17]. Atilgan %5 A $2& H T 3 i v 3 4 (perturbation
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response scanning, PRS) [18] /715, %545 ENM AH4E & RIS E A R F AN e e ma B2, B
B2 7 1 OO UE TR B 1 0 A8 A Y42 7 a5 183 R A8 2K [19] -

ATIE TS FH 5501 D) 4 A5 0 R Bt o S 3 45 D7 5 A T PKC-0 IR 251 80 )5 5 DhRe Al 6 &, 1R
S T AEAR R @A R B R B Ok AR EE, VR X PKC-0 IE0E AL 5 3 7 S EE

73
o

=

Turn motif §\ (;\ R
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motif
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Active-loop
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Figure 1. Structure of the kinase domain of PKC-6. The active-loop (orange),
aC and oG helix (violet), G-rich loop (yellow) turn motif (bright orange, the
phosphorylation site shown in stick model), hydrophobic motif (blue, the
phosphorylation site shown in stick model) and DFG (orange stick at active-
loop) are all labeled

1. PKC-¢ HBLEMIRILEH . BUEIM(ER). oC 1 oG 1EBHE(ET =
&), G-rich loop (&) turn motif (FHE®, MERWALERRAIERE).
hydrophobic motif (i, BERILNL= R /R FHRE)F DFG (B EiEE)H
2t

2. MRFGF*
2.1, HMEREIRRY

MR 5 #5085 122 (Protein data bank, PDB) A 3R HL PKC-6 J 45 14 12k 1) i 14 45 £ (PDB 1D: 4Q9Z), FH/p
PeE N 2.6 A, RELABIEATTRXT S, F T8 ENM B8, 78 ENM o, %30 1) 45/ peop Rk oy —
A PRI AT LS, HrR AR IE R N Y Co JE TR T i, R AN AR PR BN TR —
HWrAe, WIHPEER, XRRREZMAEHEIEH. £ GNM , R HEER

1 ragT
Ve =57/[AR (T®E)AR | @)
Horp, oy RERN RS, AR R N A Co 27 E HPHEM B AR, N &iZE AP IRENAEL
E & BN AERE, Q NAEFEMIER, T A NxN M Kirchhoff fiFE, HItEN:

-1 ifij,R;<r,
1"”: 0 ifiileij>rc 2
N .
_Zj,j¢irii ifi=]
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b, Ry AT AL AN AR, ro URRINT AR . BI85 T KR AN 1)K v 1052 SCRH A 2330 D9 -

(R, -0R )= T[] 30T 32w ] u] ®
<ARi 'ARJ'>:3|(TBT|:F1]U - BK;T kizﬂkﬁl[uk ]i [uk]j (4)

HH, ks Boltzmann &%, T NZAXHENE
5 GNM HERUALL, ANM BURRE AT LUR Uk FE Iz 3 B IR B (5 1, 1 L R SR BRI 12 30 1 77 )
fEE. £ ANM o1, RIZE A RE

1Y 2
Vanm :E}/Z(R” - Ri?) )

o, Ry RoRFRE i A j Z [l BEn PR, R° RN PO BRI | A j 2 IEERS . X Ax(5)3R —
B O AT S Y Hessian HiFE H, 125 B2 45 2 RHIE IR & R R B AR i3 Bi. H f7cE hj & 3
x 3MTHERE. 2 i#j i, hyA:

v o oV |
OXOX, XY, OX0Z,
oV o oV
Nl Syoxs avey. avez ©)

i j i j i j
o o o
oz.oX, azoY, azoz, |

Hi=jnt, hyh:
=—Zhu (@)

[E]

7E ANM H, - B FR 15177 ik AN 6 [ Tk v 14 528 SCAR 94 9 -

<AR AR> kT(H3| 2,3i- 2+H3I13I1+H3I3I) (8)
e
<ARi'ARj>=kB (H3|12312+H;|11311+H3|131) (9)
H— A58 AR R A A -
(AR -AR;)

= 2 2 (10)
\/<(ARi) >'<(AR1) >
Cij FBUEYERIN[-1, 1], 1 RRRERIZI) T M 5E2ME, -1 KRBT EEM R, 0 NIRRT
FHPIE B AR
2.2. WIS &

R T BRFEER R A A RAOCEERFE, Atilgan 25 N RR I £ 24 17 N BE i (linear response theory, LRT)
[20]42 T PRS J7¥A[11]0 %77 % ] LARR A A o s A v B0 L0 T A R AE 2 B4 DI I A B AR L & . 7E PRS
W, RO BRI AN 1 F, s WS BT B A A B AR AR A W2 i A 1) EE M . P fE R |
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1171 F RN
F' =(000-- AF.AFJAF! ---000)' (1)
At B (1 P 5 <
AR = H'F! (12)

Hr, ARFRIRFTE TRIETETRSEE | Bt sl o6 B AL & .

SHEANRIE S BIBEI x T y A z 5 x My A x flz J7a. y Al z Jia. x Ay Al z J51a
)7 A9 7. PRS Jikilid s fr g i IEgEAT 05, A3 —A N x N B Acsm SRR P, FEFERIEE k 41
TR RAE k B AR R R RIR 2R s AR PR AT H— 1k, A— M BIF
B SONAE RS I BB o R T DAAS 21 BT SR BE I UMl 28, il 28 rp (A R AR Pt 7 (1 Bk
WV NTE R AL R OB R F [21]

3. &ER5vHE
3.1. &F GNM RISCIEAFRie B HFRIHEE

7E X-ray 45#4 4, Debye-Waller [Kl-7-(CURRi R 788 B 1) E#H T & R IR, ACH Ca
JEFH B B FREREFEREMZMEGE L. Wi s R MSEE B 2 7 1 B R ARAH K R EL
(Pearson correlation coefficient, PCC)>KALit. GNM R k42, DM@ RAERRL. AR TAEH, A
% e FARIEE: 6.0~13.0A, SKHN10A. Hrc=80AK, GNM IHH ML B KT 555 B KT
() PCC IAFI iR AME 0.71, MR TAEH re=8.0 A, |82 B/R T GNM 7E#W 422 8.0 A I £33 1 # Al
06 B RFHIXTECEE, ATLLE H GNM RERUT L PKC-0 [tk

140 T T T T
:Experimental

100 -

80 8
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40 - v Y 1

20 L 1
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Figure 2. Comparison between the experimental (solid line) and computed (dotted line) B fac-
tor of PKC-0
B 2. PKC-0 FISEH (SE%k)FNERIE (%) B B FHILLER

3.2. EF GNM By PKC-0 18EzEX 94

WHRERM], S5EARIIGEA KK Il H 2 KR AR s [22]. it 5t PKC-0 IZ)fEs)
JyERE I, RS T PKC-0 1R 55— 121 s i3k, &l 3 s . B g 3 256 3T G-rich loop
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FTC ARuty (%% F B P Bk 7, XS IR loop 4544, WGRMERIR. HBME, JLABKEE/NMIX
5 PKC-0 MIHREZ UIAH . X4 1 (BRIt 421-441)5F B T oC WJE, ZuBie LA AL FIE S ThgE[8], H
H R ST I 2 H2 (G lu428) 5 i 2 R (Ly's429) T B I ZU B R T 1A D RE IR AR 4% s X3k 2 (Bt 461-473) 523
#Z N-lobe 1 C-lobe [FIEEEX, HHEA —A ATP &55 4055 Leudbl, 1ZEEEX X PKC-0 HIME A& VE R4
e e E ZAEAI[8]; X 3 (kAL 506-526) 113 73 bk FE A, T WOE I 1, 1 IFAE TG 25 A3 h B IR 5
Hp & 7T EEMEALE DFG 27, HAMZ X 1) Ala521 fil Asp522 j& ATP 45447 £i[23].
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Figure 3. Mean square fluctuation distribution of the residues in the first slow motion mode

E 3. F—EEiRX TRENYHTHESS

3.3. &EF ANM B PKC-0 iIEshHE M5

N T ST PKC-0 TEIZ B FE AN FIBR B AR e, ARG i 2 X (10) vH 55 H BT R B X0 128 SUAHR 2%
P, wE 4 foR . BOVI8E S N A R EUR M ThREMEIZ 8, BTLUEHL ANM (re=15.0 A, #Hig 55050
B K72 [Elff] PCC 2y 0.69)¥1HT 19 /MEAIZ Bl X (0] Hk Ik iik v DTk KT 50%) iEAT I8 B AH G E 3BT
4 F i, N-lobe (42 1 i 28 77 HE) AT C-lobe (45 LA R T HE) A FRILIZ B 2 B IEAHDC, P[] R 5k 2k
B2 BHMEK, RE5H “HFEiEa)” H—[24]. BHXIE 1 2R oC €S Alad83 Fil Phed84 S5k Kk
HA RIS sh IEA M, S35 ATP 1456 95[25]. thab, XA 5 275 F 1) Aspd66 Fil Asna7l
b0 DFG 27 AZ/EMRIE s A e, BT — R IRIEMELIhRE AR e K. X3 2 3R C Ky
MR KI5 oC e R IEMIDE, P HOA ELAE P G B s 1 G T E I [26]. X3k 3 [ 1 6 M 2L 7
5 pLaifizsht e, s BRiadr, Frele 1 A siEA .

3.4, IR ITHE R

PRS J5i£454 T ENM A LRT SKVFASTE S A B LRt s P shxt A R rsem . AR TAEX PKC-6 1
(1 1A T4 21 min S 4 B R B SR UK PR 2R, ] 5(a) Firs B UBRME(E U 7E PKC-0 4544 I,
W 5(0) s .

b, KIL PKC-0 UM S RIE R 2 5 ATP BURMS &A%, (EE 5(b)H, Xik 142
G-rich loop, 1ZIFMIThAE S & A7 IRIEIS IR R ATP HIBERR S, BURMERIR .. X3k 2 201 T oC WEHEF p4 [A]
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Figure 4. The cross-correlation map for PKC-6

B 4. PKC-0 B9 E B It X A E

Sensitive | ‘

707 03
2
675 ~
025
625
5 0.2
2 575
g
P 0.15
3525
%
~ 0.1
475
0.05

N
[
Q

375 i !
375 425 475 525 575 625 675 707

Residue number =
(@) (b)

Figure 5. (a) PRS heat map of PKC-6, with sensitivity curve at the top. (b) Mapping of sensitivity
values on the structure of PKC-0

[ 5. (a) PKC-0 B PRS #[E, TRAREHRMENL; (b) BURMIETE PKC-0 G514 _EHYRRST

¥1/ NERTE A — B loop («C-p4 loop), “E AT Bl A% DI RE I 22 A 5 (AX 0, A2 T 5 SRS 18 1 SR A% A
HAFH AR . Yeung S5 N R SEEG R W, 240 B 10 58 AR AT S5O SR DR 5 AR S22 ) 1 5 LA [26] - oC-
4 loop BN A2 FAZ SR P 1A LA F A OR S (EAIT SO AN R BT, ASOR HBURAE IR U N PR L 45
3N J1% - DIREIR o R PRt T —NFT R, SR FUR B SR S R R R . XK 3 52 oG
RN, BOREIER RIS G AL, BV SR A A O [27]. BUBTERGS XK 4 A& T ALy
AR R AL s R K I P R B RR AL AL 5, X S PR A TV R TR R B AR, TR Y A U
1 PRV 5 g ) A R R AR PEA G, I B R 1 PRS ik i 2tk

4, Z5ig

PKC-0 #&—FhEEMS (IR e 1 R AL BERR AL IR Ul , 5 88 AU OB Jm i1 A 2R . E %,
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T PKC-0 TERRAIBA -2 N RS ZSBRY, seIbfIEtie B 1) PCC 1A% 0.71, FHIEE—12
BN R T PKC-0 R T BB MBS X R PEIX Sk, % PKC-0 [1IE BAH M A B N-
lobe FI C-lobe Z [AIfF{ERSRIVAH AR, —3 T BN “HE183)7 , RETESEmANRE. 55,
Ik PRS J7ik% PKC-0 AT R, T AT I HH OGHa R I X 5, G S X S iF W 512 B R I e A 45
MEALTEPERE DG . X SeSCHR TR L 1) R o] LA HE— 20 (1 S2 50 SR 0t FU P A B B 7 I AR . A TR
FIF IR ANATTRE PKC-6 fHEA T35 4 B 20 B AR AL (0 B AR, S SR B0 H 58I (4 B 1 SO ) R A A B

E&WE

[ 2% H SRRl 5L 4100 H (32271294, 31971180).
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