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Studying the interaction of three isoforms of UDP-
glucuronosyltransferase with tyrosine kinase inhibitors effective in

drug resistance
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Abstract. Deactivation of drugs by enzymes, especially UDP-glucuronosyltransferases (UGT), is a reasons for
resistance. The aim of this study was to investigate the interaction of UGT1A3, UGT1A1 and UGT2B7 enzymes with
tyrosine kinase inhibitors. The structure of enzymes was made by homology modeling method and the structure of 300
tyrosine kinase inhibitors was obtained from Pubchem database. Molecular docking simulation was performed by PyRx
0.8 software and the complexes were sorted based on the most negative binding energy and zero RMSD and the amino
acids involved in the binding were analyzed. In total, forty-five drugs were introduced as possible substrates of these
three enzymes. The results showed that the binding site of these drugs were to the amino acids of the active site of the
enzymes and the binding energy of the ligands to UGT1A1 was more negative than the other two enzymes. It can be
suggested that the possible glucuronidation of these inhibitors by UGT enzymes can lead to two important events: first,
their rapid removal from the blood circulation and creating drug resistance, and second, preventing bilirubin
glucuronidation and increasing serum bilirubin level. Therefore, laboratory investigation of the relationship between
these inhibitors and UGT enzymes can be necessary.

Key words. Molecular docking simulation; UGT enzymes; drug resistance; in silico
Received 10.10.2024/ Revised 24.12.2024/ Accepted 24.12.2024/ Published 15.03.2025 VESYAVIYO LV Fo 1 /o) 2 VYV /o sl VE- Y- VN il o

54/6¥%


https://nbr.khu.ac.ir/article-1-3705-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-04-10 ]

Nova Biologica Reperta 11(4): 54-66 (2025)
5 ReSelly ecelhnn OlSgunl Hemalass,gSHlS oS
by e & ol (See WUGT lawg  inSsels
(Innocenti et al., 2014; sas zals |, lag,ls ol 5w )il
Oees Sutiman et al., 2016; Ye et al., 2014)
slegls (AUY922) ooy 3 (STA-9090) oils
HSPI0 )l,> Sgi ufigpn a5 did iz Hlbwss
5 UGTIA 5 ol Vb gobw o 18 San |,
Slasglis (pgazss BB 1 (S lag)ls ool Ggmmlanis)sSslS
Slta 5 JSlsS b sk (sloos, o o caali
(Acquaviva et al., 2014; o5 Wil & wle> g pglie
UGT2B7 ob; ols opioes Landmann et al., 2014)
Josbw os, o lbwas e pas lawg ool sl
UGT2B17 ¢ yaeunS 5ol Lawgs oo sl UGT2BIS ((suuS
Ozt g Gl Ol Jsho sloes; jo Gliwa 5151 (20
Ol s Johes slaos, jo Zdliwglsd 51 s UGT1IA4 4l
5 9l i b Jldpd 4 e Wl w5 g Gl
(Allain, Rouleau, Sed w9yl Cawles  uals
Lévesque, & Guillemette, 2020)

obo oo Shoe bajleS Gujend Slosely slo s
o pebaS 1 iS5 g pled Geuml (aliS) aler 5l st
aboz Sl lagjlon 5l (grmy il L 1y PS5 wiS
B35 aes dw 0 oplply el e saxie Gl ey
SIS (oS SbeodiiS jlee Ay g BlS 4 ol aBdle
Sl azsls 292y bglew ple 5 Gl Gl sl
3l b gl e as olxil;l (Ebrahimi et al., 2023)
aiz il g el Sglite b lo b loazin 5l laeassS
ooy 6l el @l oy hles o Gl (sl
looaS oo &5 (Shlow (olren slas lon plo 5 ol
W VL Slas (B me )0 08 (o0 S8L S ) LS (oS
G5 Bd> pedle wiiea glog)ls GiSesn 5 (gl
5 PA50 p55 5 3l alaly L 5S35 ,5 (slooaisS g
Loy Ll i golass a5 ol oo cvlice deodsns Jla!
Col 03l Lt Slalllas i o ojedpilie (ygmslinis, s ol
Slog)ld)  ablipe 5 eSS, aelanis SIS A
S Ll 3 43 UGTIAY b GLiS (135,25 005 g
UGT o3l plo s UGTIAD oo 5, cnl 5l 5 oS oo
Jlo plpreds 0g walyss o)laiie s laouisS Jloe (nl Lawgs
95,2 ol usgw bawg UGTIA9 3 UGTIAL al8ss Lo
g 13 Hlosle a5 sl (pl e wSG el oas odnlive o 5]

g cand o slagls 6,50 ,e ST (FDA) IS el (gg,ls

55/b66

(VF-T) BF-55 F olad N Vol o e psle 55 c sloazily
doddo

calize sl ploys )3t Slo Ml 5l (o (29)l0 Ceaglite
ozl ilite slagts; @ Gl sladshw ool by
slalal ((Sdplio Olyss gl adgl o1 sla g
58 Bl 5 Jsbo 452 elass 5o 58 dnglas’ ool
wile (Setjal Ot (ool sladobe Gl Slee <]
" WJ weLM Libﬁ)‘é L M c)».C 9 DNA uwh
50 adlle oS Ll pge clapmsilSo I Sp0 Sy i
Slmpl bug blslse 03,5 Jabné (o)l Cwslic
(Vijayakumar, Ceol  lagyls eaS opdplie
Dhakshanamoorthy,  Baskaran, Krishnan, &
0yl golin GL“MP—‘ cdbd g ole w5 Maddaly, 2024)
Iy o0 og)l Cwglin o sz LB Lid gl causS
st |y Gl sladobe ;5 Slasply 5 (Sl sl e
le.(bm}{‘ Alwd 90 4 gl euiSodglie 6LQM;T Ol e o
IT 56 slaes 3T 5l g oo pumds TT 518 g T 5 o0ssSo s glie
Sl 4 kel Jijsis)sS slS-UDP lagy 51 4 lsi o
(Kaur et al., 2020) s 5 o,Lsl (UGT
@ Jsys5sl5-UDP Sl 1) kg )s5lS i Jlisl LUGT
u;'.’)L$ UL‘-*S)J 9 LJ’“"B)L_sL“‘ aiile calise Lsu"’ UL‘-*S)"
S8 ool ol ool @ds 4 a5 5 ol s pad Jole
e 4 e UGT (35 sl 5l (oremb ol iS5 o0
oo bag)ls b JWB 3jlge (S o b (Slejs (oot slaglo
o b UGT Lo molidl a5 Wleols las Sladlas Lol i
Ol s sbag)ls (yammlinis)sSolS Rl & omie 1o)9005
" ijﬂA .)L?u‘ 9 I.Q‘)T foB o RS g ol %LQ) B aS ol
(Meech et al., 2019) o4

Slagyls a4 Cus Coglie ;0 (gelads)sTolS et
oy i lolis (i Jlo Yo Lo b sl olopmns
(g 13)  elSolol il VL Jade o bl o
4 S Conglie 5 Sogl (ol 05, S5 )3 00k adg )55 ol
(Gessner, Vaughan, Beehler, Bartels, o ools oylis )]
asllas 50 5 asllas ol 5l Jol> mbs & Baker, 1990)
9 SN-38 o G5 pl Jled codalie 9,50 50 K0 ol
LUGT 18 el 5 oly a5 ol ol SJpdsSile al
Mgl 2Ll g Conlas » a2y JB ok 4 Wl oe
(Franklin, Jacobs, Jones, P1é, & Bruneau, 1996; .l
Cawpd 5556 by o1 5l Takahashi et al., 1997)
WS oo )P glinin; Sl cod &5 b rwas lag)ls
sl i Gldlas (o Glaicds .cul 0l Jl> 0 oo s


https://nbr.khu.ac.ir/article-1-3705-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-04-10 ]

Chamani. interaction of UGT enzymes with tyrosine kinase inhibitors

©odS adds L (https://pubchem.ncbi.nlm.nih.gov/)
Tl b el i S s oS e
A (68 ,L SDF Canyd Ay olf.’l; 30 odds Bl cuS

PyRx jloolisiwl b Josdg0 SUUSTo gilwanss -
0.8

ey e)l9 Pubchem cli:l; )‘ 03D 0913‘.) L;Lm.x;.;S)Le,o focs
g a8 S 13 65, gilwaneS Co g ool PyRx 0.8 133l
oads aSle glolele Wald o33 PDBQT S 4
Sloreas e 5 a4 ooisS lge oo solel slo sl g lags 331
Slyp 8 aoe ul colal l38le i o WIS g 0058
Jé ol B oog oSSl 00 50 FY ,0 0F dg0> Loy 3l
L)uLw‘ » o oolawl 6L®L_;).:5 )..:.Lw AR W}’ ‘) LQ[QJ)J“—
I ol sl SLaS (ol o g ity slos b e

Wb e JLal 6551 n e bl p SSTs

e 35T b LAY o s iiSod p () —

5 sl 31 (i o Ko Joolr oSS
3l g a5l gogiwl (6,08 4l o siils ;oo RMSD
ol 0 54240 receptor-ligand interaction a3 &b
sl 5 myl gloanelal o (Y5 e Sy
(S odlgply GlepiaSeny  els bS]
~6k) csnn 5 (Oeslmsl osmlil) Sl Sl
SUSE Sjge a9 WAl (o (SIESI SIS sy
olawy Jdo a oS cawl I3 4Ll el 0,33 gamdw o
sladgazr 53 39290 Glawlld ples 5l K& s bl ol
9 S s (pmmm 4 9555 Sl il G5 5 ¥ )
a5 S w5 WIS e

LUGT2B7 3 UGT1A3, UGTIAIL slag 3l jiiSen

Sia1 slotends ool LSS ey (sloouisS oo
UGTIAL 57 Jlb olSolr (eens (slpp b (oo (J5S5e
(Dudas, Bagdad, Picard, <ldllas 5l (gjluans cpl o
5 (X.-Y. Liu et al., 2019) 4 Perahia, & Miteva, 2022)
Glp (mzen b oolaiw! (Locuson & Tracy, 2007)
(X. Liu &llas UGTIA3 o 5T Jd ol 40,5 asuice
oKl> .o axs 5,154 (Sun et al., 2017) 4 et al., 2016)
(Zhang et al., adlae wlolp 55 UGT2B7 o5l Jlé
ST Y s lad s (Miley et al., 2007) 52016)

“dgas o asaly Jlasl 65,0 o stie oS SIKI VO ol

S 95 sl 005 ,lan LUGT (slo 5l (S siozr
@)l il &5 I s S (o a0y WUGT s, 51,
1,2B7 5 UGTIAL Jeo sl 5,502 Jsha (EMA) Ly
(Miners et al., 2017) sle oo doss

Ly UGT clapsyl Jlw b alal, 55 sogame oMbl
Ol o0 S A g 9IS S92g LS 39y sleeaiiS s
Fowe 5l b pg)ls OMBas sll Jelge laie 4y Lag )l
e Lawl oais Bl (a9 4 (gelids oS oS 35S
Golanis SIS 2alS & prin ool Seo UGTIATL s
0¥ ek che R ams 0 s Gmele
(ks (Miners et al., 2017) sgd ((coimg) o mle)
RSN RYS B IS NUN: JEI N
in Sldlas ggeze ;0 5 JoUge ST 5 Slus sl
Slagts, (g wrompie 5 Glol v o« silico
St axlllas b sty o 45 it (3,105 1 5 diaid,
s 3 B oty 5l alise JsSpe Blaal L )l
Ol ojapel 9 dled pSolx waz lag)lo axwgi 9 s
Wg)se B ilug)ls Gliie Lawgs (oxwy jebas ba b,
4 a>g L (Shaker, Ahmad, Lee, Jung, & Na, 2021)
oolatwl g LS pie 0aiiSlee (glagyle slass o5l
“e ] GRSan (o pol adlllas 5 Bus gl Sl 00 S
sooS o L UGT2B7 4 UGT1A3, UGTIAl sl
Slwaeds (g, 4 PubChem ol 53 35750 5LaS (0595

Bg (J98ge S

Leigy 9 Slgo
LW 4 Lﬂ:p.o).aT ‘S}L»G.)Loi -

UGTIA3, oyl Jiw,s JLsls o byl
Sl 050 5990 00y sleelL 0 UGT2B7 3 UGT1AL
o /https://swissmodel.expasy.org o5 ;I eolixwl b Lyl
ouls izl sloJos jloel ol asle Slews giludos g,
Verify3D (https://www.doe- (sla,g,m 5l oolazwl L
https://www.doe-ambi.ucla.edu/verify3d/)
ProQ anbi.ucla.edu/errat/ERRAT (

Procheck «(https://proq.bioinfo.se/ProQ/ProQ.html)

(https://www.ebi.ac.uk/thornton-
SAVES s srv/software/PROCHECK/)

A3 ol (http://nihserver.mbi.ucla.edu/SAVES/)
UCSF 1331 o5 aless 4 SSTs alonil 5 L3 by il s
Cwd 4 og wdS 18 65l (gjlwaneS o Chimera
PubChem oL 0 wal o33 PDBQT

56/6f


https://nbr.khu.ac.ir/article-1-3705-en.html

Nova Biologica Reperta 11(4): 54-66 (2025) OF-Y) OF-52 :F o)lads N Vol o s pole 10 (g slaaidly

[ Downloaded from nbr.khu.ac.ir on 2025-04-10 ]

(O Jgox) 09 el yoll g coisonl,  mipl Jlasl bled cpyiin ol oad 00yl ¥ B Y lo
il el ot e 4 oo ey UGTIAL

2285 UGTIAT b iSany 5o 1y Jlos] 5551 o5 it o5 (5515 o355 oo o ool 1 Jopaor
Tablel. Names of tyrosine kinase inhibitors owing the most negative binding energy in the interaction with UGT1A1

Pubchem CID Name Binding energy
(Kcal/mol)
44603533 Merestinib -11.7
53380437 Itacitinib -11.7
89670174 Lifirafenib -11.7
16063245 Radotinib -11.6
51038269 Olverembatinib -11.6
11387605 Bafetinib -11.6
24956525 TKI -11.5
156538665 BLU-945 -11.3
46215462 Bemcentinib -11.1
5291 Imatinib -11.1
89884852 Vodobatinib -11.1
118480924 Luxeptinib -11
51039094 Tucatinib -11
73388818 Rilzabrutinib -11
86567195 Fenebrutinib -11
11167602 Regorafenib -10.6
216239 Sorafenib -10.4
208908 Lapatinib -10.2
10113978 Pazopanib -10.1
11707110 Trametinib -10
24821094 Ibrutinib -9.7
135423438 Nintedanib 9.4
44462760 Dabrafenib -9
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Table2. Names of tyrosine kinase inhibitors owing the most negative binding energy in the interaction with UGT1A3

Pubchem CID Name Binding energy
(Kcal/mol)
24826799 Ponatinib -10.9
25171648 Tepotinib -10.9
24889392 Quizatinib -10.8
644241 Isopropylthioquinazoline -10.8
129073603 Pralsetinib -10.5
25141092 Entrectinib -10.4
46216796 Pacritinib -10.3
59215954 Vorolanib -10.3
11387605 Befetinib -10.3
49806720 Alectinib -10.1
25102847 Cabozantinib -10.1
46848036 Flumatinib -10.1
56960363 Ensartinib -10.1
72734520 Avitinib -10.1
57335384 Rociletinib -10.0
208908 Lapatinib 93
24821094 Ibrutinib -9.1
11167602 Regorafenib -8.4
11707110 Trametinib -7.6
216239 Sorafenib -6.6
10113978 Pazopanib -5.7
44462760 Dabrafenib -5.1
135423438 Nintedanib -5
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Table3. Names of tyrosine kinase inhibitors owing the most negative binding energy in the interaction with UGT2B7

Pubchem CID Name Binding energy
(Kcal/mol)
46215462 Bemcetinib -10.5
86567195 Fenebritinib -9.9
11751922 CEP-11981 -9.9
24956525 TKI -9.7
118480924 Luxeptinib -9.6
89670174 Lifirafenib -9.6
137535407 SPH5030 -9.5
49806720 Alectinib 94
11485656 Linifanib 94
54760385 Ruserontinib 94
16063245 Radotonob 94
44467821 4SC-203 -9.3
11387605 Bafetinib 9.3
56947515 Panulisib 9.3
91663352 Seralutinib 9.2
135423438 Nintedanib -8.5
24821094 Ibrutinib -8.2
11707110 Trametinib -7.8
10113978 Pazopanib -7.2
216239 Sorafenib -5.8
11167602 Regorafenib -5.5
44462760 Dabrafenib -53
208908 Lapatinib -5
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Figure 1. UGT1A1 enzyme interaction with A) Merestinib B) Itacitinib C) Lifirafenib. The structure of the ligands is
shown in the middle of each image and the amino acids of the enzyme are shown around it. Interactions were checked
with Discovery Studio software and its image was saved.
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Figure 2. Interaction of UGT1A3 enzyme with A) Penatinib B) Tepotinib C) Quizatinib. The structure of the ligands is
shown in the middle of each image and the amino acids of the enzyme are shown around it. Interactions were checked
with Discovery Studio software and its image was saved.
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Figure 3. Interaction of UGT2B7 enzyme with A) Bemcetinib B) Fenbritinib C) CEP-11981. The structure of the
ligands is shown in the middle of each image and the amino acids of the enzyme are shown around it. The images were
prepared by Discovery Studio software.
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