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E: AMXTEAREMAN G RBATT RAMEE. KESEME LT XBE O METHE
DATRARET R AN FREARE ZR AN ELFA, AT RAETZHCHZ QML LA 58
NIRF I . Pymol 2 & G R &M TR T Aegdtrz —, RARSHERK, KL REM
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Beg B, FRZBETRSFEATTROMEME LHEMR, HALAFXRFTERHEARKRE
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Teaching experience of the visualization software Pymol in the

Structural Biology Experimental Skills Course

XIE Wei™
(Department of Biochemistry, School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: Major breakthroughs have been made on protein structure prediction in recent years. Analyzing
and deducing the functions of proteins of interest from massive structural information is a problem that
biologists need to focus on in the future, but the premise is that there is a full understanding and understanding
of the existing protein structure models. Pymol is one of the most commonly used softwares for structural
visualization. Its functions are diverse and powerful, so it is widely acclaimed by the majority of structural
biology researchers. This paper aims to share the author’s teaching experience in the introductory use of the
Pymol software in a simplified manner. This teaching session is of great benefits to students in understanding
protein structure information and stimulating their scientific interest, which achieved awesome teaching
results.
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R, RATZW IR AH N R A R Thae, =21
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g3 Wb EAUEAS B FUR ) @ . AN R AR 2 T AR
., BT EE AT B R E R M E
JR R, IRAF = 4 45 K B AR T B R R SRS 40 45
MBS R, #7 R MJGRMBEE: T OfA
PRIV EAL 2 R0, 6 H D Re i & BERAENT . H AT
AR AT R %2, WSwiss-PDBViewer.
VMD. chimera. Pymol” "4, Jrhf T
172 H Schrodinger 2 & JF & fJPymol. Pymol#X
XPEARMA A %, JFH BT HH P A
I DhRESRK, &R TAEH =%,

1 Pymol{$ i RYERRE 25K

Pymol# FRHPy+molin %, “Py” RIRNER
B HLE 5 Python TfiTAE,  “mol” FRERH
TR T (molecule) Z5 1 KA. HH T Pymol#2 i
Windows/Mac/Linux % M 23 fA,  [KlILATAE 24~
AR e AT, TR E . PymolXf M
W S AR R SR AN, AE A DR AIEASE I R
P, ERAEE U BRI, AR
ARG N Pymol B H 7 SRR N 5, BRBASE IR
Hilli, macOS Catalina#®{E R G0 AGIKAE =TT U
W], BLAEPymolfi i fRA LB 2.5, AIEEE M T
#.: https://pymol.org/2/#download. LR MR K
AN P ERMEE SREME RS, a3k
133K 1) 22 2R fROAS S A7 B A license licensef A
ROAIE — 4, AR 1] 12 X il F BT ) license o
LR FEEON T, FEAMERCIR

AR ST R B SRS LN R . Mactg
YE &% : macOS Catalina(10.15. 7/ A); A%
MacBook Pro(165:~f, 20194 H ) ); CPUAEE
#%: 2.3 GHz 8#Intel Core i9; WAF: 16 GB
2667 MHz DDR4; & F: AMD Radeon Pro 5500M
4 GB/Intel UHD Graphics 630 1536 MB; #{R
A: MacPymol 2.2.3(VL R & #KPymol).

2 pdbRif K B3 4448

pdb AR E A E R Gy 1 a5 ks B (B0 =4
ABR) B — AN SCAR SO . BRI, FRATT AT BLFH S A 2
B WMicrosoft word. Pagess £ & H 4 4w iE
W2 . pdb3CAF W] {E i # 45 FE (Protein  data
bank, https://www.rcsb.org/) F#. B 202248

H, B 2 O Z120 75 A B 9256 5 1R (B
sy WELIR SV R AL I SE (R AR W0 K 43 1 1
=GN, RERICEEGFPRAEAY Y EREAT
ZRH—NE ST, A 2B,
FRATTHE 6 DL 55 97 45 K TPNN. pdb A 1] BE AT T8
245Kk H T 7K Bk dequorea  victorialfimVenus”®
R, FIAHR TR K2 . BATTAT LAZEPDB M 3 7T
HETRERENER “TPNN” |, &#H “PDB
format” AT N Zpdb X, 2 5 Hwordf] IF
Hoax EJ7 0945 3k X (Header) 45 H S 1% kH % 45 74y 1) J&
AHR, WAEVIKS FRIZAFR VR 75
S, R GBS — e E E . FRATT ST SR
HR J7 FHCRY ST1 RS A R 46 A 5 T N 2, B =
e bnfs B (B ). IXEEAARAE B IR 2 F1 4 Ak,
AR, 2R —EmWEE X
(1.

ATOM 14 HB3 MET A
ATOM 15 HG2 MET A

6.790 15.710 2.420 .
5.025 17.006 1.693 .

CRYST1 61.064 91.048 118.556 90.00 90.00 90.00 C 2 2 21 8
ORIGX1 1.000000 0.000000 ©.000000 0.00000
ORIGX2 0.000000 1.000000 0.000000 0.00000
ORIGX3 0.000000 ©0.000000 1.000000 0.00000
SCALE1 0.016376 0.000000 0.000000 0.00000
SCALE2 0.000000 ©0.010983 0.000000 0.00000
SCALE3 0.000000 ©0.000000 0.008435 0.00000
ATOM 1 N MET 1 4.541 13.634 1.274 1.00 32.34 N
ANISOU 1 N MET A 1 3564 4644 4079 -1479 -763 -530 N
ATOM 2 CA META 1 5.766 14.417 1.177 1.00 29.71 C
ANISOU 2 CA MET A 1 3457 4194 3635 -1234 -790 -288 C
ATOM 3 C META 1 .98 .509 1.027 1.00 28.57 C
ANISOU 3 C MET A 1 3592 3798 3464 -1277 -748 -109 C
ATOM 4 0 META 1 6.950 12.349 1.411 1.00 29.55 0
ANISOU 4 0 MET A 1 3796 3804 3628 -1502 -670 -98 0
ATOM 5 CB META 1 5.908 15.308 2.418 1.00 28.68 C
ANISOU 5 CB META 1 3280 4128 3490 -1235 -670 -180 C
ATOM 6 CG META 1 4.885 16.419 2.453 1.00 29.65 C
ANISOU 6 CG MET A 1 3151 4492 3621 -1100 -747 -358 C
ATOM 7 SD META 1 5.013 17.405 3.959 1.00 29.08 S
ANISOU 7 SD MET A 1 3016 4497 3536 -1119 - -250 S
ATOM 8 CE META 1 3.744 16.615 4,950 1.00 45.83 C
ANISOU 8 CE MET A 1 4880 6772 5763 -1491 -423 -447 C
ATOM 9 H1I META 1 4.531 13.130 2.149 1.00 38.76 H
ATOM 10 H2 MET A 1 4.500 12.977 0.508 1.00 38.76 H
ATOM 11 H3 MET A 1 3.743 14.251 1.232 .00 38.76 H
ATOM 12 HA MET A ; ) 5.721 14.993 0.397 . 35.60 H
ATOM 13 HB2 MET A 1 34.37 H
1 H
1 H

Bl pdbXHRINE

3 PymoliXFrIfER

3.1 Pymol3X 4FHY B R E K RARER

Pymol [) 711 E 22 A4 R 451 i 1
(control window)F1E 7~ & M (viewing window)(
2A). i #H FEARE R HZE H (pull-down menus,
MacPymol )% BL7E B TR )« F 43 il 4 7 1
(control buttons). #{FE &5 % [ (feedback window)
Kt AT AME(command  line); T2 7R & )£
FE I MAL & M (display area). i 4% #l (movie
controls). Xf % Hi(object menu). FARIE
(mouse hints) LA & 74 % Il (command line).

BUb 2 DA =424 s, mT DL e
LR A A ) — LR PR T e . BRUPR R AE S BT


https://pymol.org/2/#download
https://www.rcsb.org/

- 2104 -

CERTILEY 20224424111 H

Rl pdbXHFERTERS. FTEETIKUKR

HyEE X
Bla ¢ S Eiiipa
1 1-6 LRID(INATOM. HETATM)
2 7-11 JEFoms
- 12 =]
3 13-16 JRFAFRE “CA” “ND1” )
4 17 HoAthr B S (U SR A7AE)
5 18-20 RHEMPHE =T R S
- 21 =L
6 22 EFIINI R
7 23-26 BHEM T
8 27 i\ G
- 28-30 =L
9 31-38 R HIX A AR
10 39-46 ST RIY A
11 47-54 JEF I ZAE R
12 55-60 ZEF AR
13 61-66 ZEF IR R
- 67 Ko=p7
14 68-70 Ji:

BEUN T o 7o B sl IF 12 0 = 4R S5 AN HOEAT B2
2. ks eSS AR R R AR = RS A
JBUHAT BN REEN: MUK/ N = ELE R R R
AT = e AR AT ATRE Bl . B 3h = 4R 454
Shift-+fi8: BAIBIVITE; Mbs BN M
(IEERZ R TENN ¥ Tviw ey 2= PR kI Uh 7 N T
32 EYAR. GHUSTRERRE

TR JE, JATE B & EWKE R
rE: ARAREEA I E AR TN, T
REOVAR, REZTIBMEERE . Sl — 2

Feedback LIl e
window Control
button

oo

line

Object

Display area
play menu

Movie controls tion

SR FEARNE L. GFPHI238 MR IEZH B, AHXT 53
THELA27 000, &HARTATHIB-MEEH,
R — AT 5E R AR . 1ANSB-3T S BT R 1
GNE L IR A TR I o- MR e i S P B[R
5 RR e R BUE M 5. AT NI — 2 7
FA SR A (R A R A5 L o

X IE R UL, B B R R R (B
2B), HUBRBEINEN Ky F4E0. HTFNE
HA. H. S. L. CIIURNh R, HE 705l
BEWR . Aaction)fRFXFIX AN RS FhAE; S
(show) R EIRIXA0F R HER 2377 3:  H(hide)
RFERHZ 2 K L(labe) R EARIEFA TR
B R CleolonfREH . WATERERIRE
B, ATLUE BIPymol 8 W B 7 — AN
M, 437 &lines. sticks. spheres. surface.
ribbon. cartoon, FH A H H &KEBIAK X2
cartoon, BN R4 T HIF L ZHLiM . HIRA
X 7PNN.pdb 3L, Pymol#% a2l , 1234 # 4%
BERIAE U TR T £ cartoonTE 0, PAGRA 3k
e BN T EMARERN TN ZESR. "TLUE
B, Hrblinesi) Won 77 22 ¥ A 19 J5 1 2R
K, BN T IZEB A RPIRES T8 57 Kk
AL E . HTZEWE N EaRng, A
JRF PN TR AR R DRERR; A
o~ W IE TR . . . HAaRR.
sticksfRlines A%, DLREHE R 7x & J5 1 [a) 1Y) B
B, HREZLBM. spheres®n 7 A H NEAN
B E A B R, RT3 L SR HER /)
BRRIN. surface £ RMEM AN, EARHEAM

A BAFMEZE DA B: WESEHR L H TR, action. show. hide. labelfiicolor

E2 PymolEFAFRFE
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A~F/) 5l & cartoon. lines. sticks. spheres. surfaceflIribbonft] E ¥ 755\

&3 mVenus-(7PNN.pdb) AR ZEMARNER

RN Y, XA FRERRET N FIZEA
5 FoAth 7y AR AT RE S B SCER I YE o ribbon
TR RNEICaEF 2 %R, bl RAE 2+
HCof T E, FIETF. &R DL ANEE Rk
JRF AR o, R Iy 5K 3 B G & AR
FHEME R LB N EIRAET R T AT
#ORT A HIE IR, &5 SHERAEM IR -

B ANVE PSR RIET “C” MIER 2SS T
FH . AT DL LME R B R A T G5tk
B RN R X AT B D, FRATET LA
HEFECT M I magenta A & 1% % Timagenta,
FrmVenussr T & BURR At 0E nE4AFT R
AR = RN EH RS & A (KRR
R R 5K R AT . Pymol AT 5 24 1M 4R A
P R, TR 2 M E AT R, E4ARD 2R
RN X mVenus AT G2 B 5 1R AR R A I
RiEpE,

TGt E , AT LA GFPAF E X i it
AT 1 38 B 1) B ) S5 4 A, 3K AT DL e P R ik
PUdsel. H—mmid A FArER, EE 4S”
EREMXIE EHBREARTY, XRBRRA
) = SRS R B T 2540 ] L 2294 S 2 IR ke 2k
(VR R S R0R), — MMNERE (& ET),
PA K 300% K5 F-(9n 5 401 E1676) . FRATTH] LA
M P A AT R R AN AT B, B E

BEFIOGE . FEULTSOLT, SR FsticksBlilinest¥
3, AT LAE Wb SR R AR A . AT B IR AR
LA LB, AEF A B Bk v LAXT % R ) ik g
(O H 1R Bl B DA v o s ) BE AT ke £ 0RO R S 2L
1Eo S3sh—HTr N2 Har 247177, Pymol
AATHNEE I 2 command argl[, arg2[, ...]].
e NEHT AL R 454 color red, resi 1-10, BJ
AL 0 R T AN R AT AL R AR

M IRATAT DAL 1) S LS — A Rk
foc, AT CABEAT — S8t B S5 Ry M. AT Ay
B MR T 2 80 EAE, i 8 F H )
PR, SRR 75 7% pl S5 B HAR AR BAEH .
HFwizardZE B, FFAK IR AT dimeasurementi I,
NG o3l R AR, LA B A R
XL “please click on the first/second atom” “FHfH¢
INBAV BEFE R AR 2 8] I B
SUmE B AR, mEL E R RETRA
PR (E4). BPAERHMA AR =R ER
Gly65-Tyr66-Gly67. EATKA T 7 F WA HAER
th, It a-BE e ILAARE, A7 TR A Ui
e AR RPER N, HREE, A%
B K o fEmVenust, OB NN T
Leu65-Tyr66-Leu67. KE4BE 7R T Tyr66MlE#23t 5
His 147U e — X Al B (P 2.94%) . W R FATTxT
FEA B B S R, AT ORISR R R A5 1
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A $% IR R A5 R mVenusHEAT Je )5 (W RIS A A0 1 1538 B B M ERERIE Tyr66fMIEE 5 His 1471 1 1 — X S
&4 mVenusBIE KK FHERLEH

() pnghts AT ORAF . FEDRAF AT i dhiray B 00, W]
g M B B SR R AR, AT 7R T F 8 R
“File” Wi ik$F “export image as PNG” fR{7K]
B “Save session” TRAFIZISHE pse . T
AN R ABAT IF AT g 4R RS, R %5
H-RITAT,
33RBERAR

PL b 9% T Pymol B 1 i FRL D RE ) — 24/ 4 .
PymolIhEE %, Bl n] AT 9mfE Iz 1T — i N
SARMAAS ;7 R ST A (N APBS )i ] AT
A 5T 3 T HL A o A T DL REAT RS B T S AhaE
BAEGESEmAER. XEREn % HE
RV FAE BB EE, A — 5128,
34 ERBFG=

AR 25 1L R 2 A B B AR ROR
Lol R = AR A I T S50 B Tollik 2 iR
T, BERARAINBEREDFEINTTF R AN
IIERARATTRS T2 B RAE B B, VR TT ¥ 7 GBSk
WiRA WAV PRI, FEHITERAMN S
PREE AR O SEIG ERAE N 25 . 2B RE IR X
W R SR PRAE A A, Hodg e — 1 B URED b
R HEPymol I A5 i H
35 HFRUHE

HAF =4S ISR & T ¥ %4
kv, BA—EME, FTEHZHS. (FEEL
R, Al —ERES, e T —ERR,
H BT A0 AT et it vl LU B B AU . (1)
Jih o A A R, A TR A S AT R A
SIRIERAR o B 2% B I 4 A AE T A B T IR A
Ja, ATDAEURARIN (A EAT B IR ER ST, f 20k 3 34
SR E . Q)W TV 2 542 B IRl 2k

HEHRE WSS, BBFENEAE T
Z, MEWTFEEZES, SBRLE; BEFEEHBL
BWRZENEORGHINEBRNTEE, FHERN
(1 25 26 BT LE VR CE IR 2 IR A28 . (3) - LI &%
3DHRER, WHgm X T I = e sk, 12
FE AR T (4B VUNEEE, FRPEA S
TETONCAR, 35w A= 1) B3, 15 202 5
ME B, NTEHT %, O)BFHNER
TEPR /NI N SE R FE— AN/ I P 25 R 3 % R
R R G225, B/ NN R ER R T, &
BEMR R . W T AR AR A ) e S ]
B, B R R R LT R R, Do
AL . (6) BRI 4h 22 A B — NP A M B 1)
PEMV A, DARFFMATTR) 2 ) At . anfE 5 Bk 2
A E — AN/ IPymol A I IE1T . RIWLER, 7
I3 SIE B A AT IVE R o (7) 7850 R A B0 = AR
M, SHMERERE) . KRR EY ST
WHERRAKR=Z2ETR, ZHECHEMU L
MV RFE SR, AR Ak R AT — BT R R R
E RGN, AR X REE I AR R DL S O
PEHLI 2D Y R B AR o A S =445, IIREL
Ffi e AIAEAEALURAR LRI AT 125 5] NS Pymol 84
A, FT R, NARRFRE R

VR R B 5 45 22 R 4R T 5 B Pymol 2E
R A Bl E L B E A . SR AR U T R
KRN TRt &, XK T2+
PR, e BRIN G5 M R 4k /N ER RN AT £
N XAREAT A2 BN EFERR? A 4G E
H R AR T AR A RR? ZEE R
SR A 2 B TR E R ? IX L o] A S
BFNE M, U ESes) T,
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JAR T AT B . RE S S G IR BHB AT X
RECFNBHEERICEE, MU, R NE R
T IRt T 52420 B A o = 4 45 7 1 B A
PR e 1 2 2R B 2 3] 4R LSRN T 8
FRAEMI R oy T = YR SE R R 2 IR SR T AR, R
MAITZE 0 2 RAE AR R B A B HAM, IS T B
A RCR

B, Beed e maE R 7 - .
wn, fEgnS —SBONRIRIIAATS, FAERORH R
EAPFERAE, RTRERG BERRARMERE ;. X AnfEs T/
N, HAEREILARNETEE, BORAE, &
WA R 26 I AR I AT A A

4 £hiE

LR A S A R R R D [ 24 A s 3 R
R E ZEAEFH o AlphaFold 21 i v fff 28 [ 45 44 Tl
DN GE 771 KR LW 2 ST AT 1 — IR SR
iy, HRNRIENHEZWR AR —. 7]
PAE S, BERIX AR, AW 5 n] PR
O\ B e oA AR O BRI A OB I T Rg . B
wn, EBG TREAUE, OCHEA I 1A R A5 A A5 B
TR I B REE . RARMZL & AR LR,
AN RV KGR i TR B, fEEE
fige o3 HE L GO i R S 5 T, AATTRT BAAE T Tl

RE 2 A 0T R AR SRS M 45 My R Atk b, HED L D g
AR MUAR R 38 A% VE R R B 2 e R e id g, )
I T DUAR 48 1% £ 1 5T 45 K A5 B AT 2 T Sl R g B
YEBETE, BRI TT IR OLE VA RS B . R
AR 8 I S5 AL A Pymol 55 ) AR H 48 K
BRI, AT R R SER MO A Y S Bk, IR E A
PR S AR 257 W s K Tk
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