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Abstract: Mucormycosis is a fungal infection caused by many species of fungi belonging to the
Mucorales order, mainly in immunocompromised patients. Although rare, this disease has a high
mortality rate, especially during and after the COVID-19 pandemic. Currently, there is no specific
treatment for this disease. This study aims to identify the major genes involved in chitin synthesis,
an important component of cell structure. The list of candidate genes was selected based on the
database of the Mucor lusitanicus fungal genome and its transcriptome analysis under both aerobic
and anaerobic conditions. The candidate genes were analyzed for structure and function prediction
using bioinformatics tools. The study identified two candidate genes encoding chitin synthase (chs)
and one gene encoding chitin deacetylase (cda) with characteristic domain structures from a total
of 70 related proteins. The results of this study provide a basis for experimental studies to analyze
the functions of these proteins.
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Chon loc va nghién ctru cau trac bang cong cu tin sinh mot sd
protein tham gia sinh tong hop chitin & nam Mucor lusitanicus

Triéu Anh Trung”, Pham Si Nguyén, Lé Drc Thinh
Truong Dai hoc Su pham Ha Noi, 136 Xudn Thuy, Cau Gid'y, Ha Noi

Nhan ngay 06 thang 6 ndm 2024
Chinh stra ngay 24 thadng 8 nam 2024; Chap nhan dang ngay 30 thang 8 nam 2024

Tom tiit Mucormycosis 14 bénh nhiém trang nam sdu giy ra boi nhidu loai ndm thudc bd Mucorales,
chu yéu trén cac bénh nhén bi suy giam mién dich. Bénh nay tuy hlem nhung ty 16 gy chét cao, dic
biét 1a giai doan trong va sau dich COVID-19. Cho dén nay, ching ta van chua c6 cac liéu phap diéu tri
bénh mucormycosis mot cach dic hiéu. Nghién ciru ndy nhdm xac dinh cac gen chu dao tham gia sinh
téng hop chitin - mét thanh ph?in cAu tao quan trong cua thanh té bao. Danh sach cac gen tmg vién dugc
Iwa chon dua trén co s& dit lidu cua hé gen nam Mucor lusitanicus va dit liéu phan tich hé phién mi cua
né trong diéu kién hiéu khi va ki khi. Cac gen tmg vién dugc phan tich cau trac va dy doan chire ning
dya trén cdc cong cu tin sinh hoc. Nghién ctru da chon loc dugc hai gen Umg vién méd hoa chitin
synthase (chs) va mdt gen ma hod chitin deacetylase (cda) c6 cu trac cac domain dic trung tir tong s6
70 protein lién quan. Két qua nghién ctru nay tao tién dé cho cac nghién ctru thyc nghiém nhdm phan

tich chirc ndng cuia cac protein noi trén.

Tt khéa: Chitin, chitin synthase, chitin deacetylase, mucormycosis, Mucor lusitanicus, thanh té bao.

1. Mé dau

Mucormycosis la mot trong nhiing loai
bénh nhiém tring ndm hiém gap nhung ti 1¢ gay
ti vong cao. Day 1a mot loai bénh co hdi nén
ddc biét nguy hiém véi nhitng bénh nhan suy
giam mién dich nhu ngudi mic bénh tiéu
duong, cdy ghép ndi tang, AIDS, bénh nhan
COVID-19 [1]. Bénh mucormycosis gy ra boi
nhiéu loai trong bd Mucorales [2, 3]. Céc loai
gy bénh chu yéu thude cac ho Rizopus, Mucor,
Lichtheimia, Apophysomyces, Rhizomucor va
Cunninghamella. Mucormycosis la mot trong
nhitng bénh nhiém tring ndm siu khé diéu tri,
do bénh dap tmg kém véi cac loai thude tri ndm
thong thuong nhu amphotericin B va dén nay
chua c6 lidu phap diéu tri hidu qua. Nguyén
nhan chi yéu 14 do nhing hiéu biét vé co ché
gdy bénh con han ché va thiéu nhitng nghién
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clru vé cac yéu t6 doc luc cua cac tac nhan giy
bénh [4].

Nam Mucor lusitanicus CBS277.49 (tén cii
la  Mucor circinelloides f. lusitanicus
CBS277.49) 1a mét trong cac loai nAm md hinh
dung cho nhiéu nghién ctru khac nhau nhu co
ché phan tir cia RNAI, sinh tong hop carotene,
lipid va bénh mucormycosis [5]. Lodi ndm nay
cling 1a mot trong sd cac tac nhan giy bénh
mucormycosis. Nghién ctru ctiia chung t6i phan
tich cdu tric va chirc ning ciia mot s6 gen va ho
gen tham gia vao kiém soat kiéu hinh hé soi va
kha niang giy bénh cta loai ndm nay, nhu ho
gen md hoa myosin II, myosin V [6, 7]. Cac
ngh1en ciiu nay cho thay doc lyc cua nim

. lusintanicus c6 méi lién quan kha chit ché
Vé’i mot sd dac diém kiéu hinh cta n6. Cu thé 1a
tdc do sinh trudng, nang sut sinh bao tr va sy
sinh truong kiéu ndm men 1a nhitng dau hiéu
lam giam doc lyc ctia nam [6].

Thanh té bao ndm 1a céu tric bao vé bén
ngoai cia té bao nim, nd ¢ ciu trac phic tap
gom nhiéu thanh phan khac nhau [8]. Trong do,
chitin 1a mét trong nhiing ciu trac dic trung
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cia thanh té ‘bao ndm va co lién quan dén
doc luc ciia nam [9]. Chitin 1 chat dong trung
hop P(1,4) mach thing cioa cac goc
N-acetylglucosamine (GIcNAc), la thanh phan
quan trong ctia thanh té bao nam va dugc tong
hop ¢ phia huéng vao t¢ bao chat ciia mang te
bao bang cac enzyme chitin synthase gan
mang [10].

Do @6, ching toi dé xuét gia thuyét rang
nhimg gen tham gia hinh thanh cau trac thanh
té bao nim co lién quan chat ché dén cau trac
hé soi cling nhu kha nang giy bénh cua loai
nam nay.

Trong nghién clru nay, chung toi tap trung
chon loc va phén tich cau tric cia mot so
enzyme tham gia sinh tong hop thanh té bao ¢
ndm M. lusintanicus. Dua trén cac dit liéu hé
gen va hé phién ma ciia loai ndm nay & mét sb
diéu kién sinh truong khac nhau, chung t6i da
chon loc va phan tich déc diém cAu tric cia hai
gen ung vién ma hoa chitin synthase (Chs) va
mot gen ma hod chitin deacetylase (Cda) c6 cdu
tric cac domain dic trung tir tong s6 70 protein
lién guan. Cac enzyme chitin synthase va chitin
deacetylase 1an Iuot 14 nhimg nhan t& chinh tham
gia vao cac qua trinh téng hop va phén giai chitin
cAu tao nén thanh t& bao ndm. Két qua nay 1a co
s& @& thyc hién cac nghién ciru tiép theo nhiam
phan tich chirc nang ctia cic protein ndi trén duya
trén cac dit liéu thuc nghiém.

2. Phuong phap nghién ciru

2.1. Khai thac co so dir licu hé gen nam
M. lusitanicus

Dit lidu hé gen nAm M. lusitanicus dugc khai
thac tir cac co sd dit liéu quéc té, bao gdbm: co s&
dir liéu hé gen nam Mucor lusitanicus CBS277.49
v3.0 tai cong thong tin hé gen nim MycoCosm,
thudc JGI (Joint Genome Institute), quan 1y boi
The US Department of Energy (DOE)
(https://mycocosm.jgi.doe.gov/Mucci3/Mucci3.ho
me.html) [11, 12]. Bén canh do, dir li¢u hé
gen ndm ciing dugc khai thiac va tham chiéu
st dung co s6 dir liéu FungiDB
(https://fungidb.org/fungidb/app) thudéc chuong

trinh The Eukaryotic Pathogen, Vector and Host
Informatics Resource (VEuUPathDB) [13].

2.2. Khai thic diw licu hé phién ma
(transcriptome) cua nam M. lusitanicus

Do hé gen nam M. lusintanicus c6 nhiéu
gen c6 trinh tu tuong dong nhau, din dén kho
khin trong viéc chon loc cac gen c6 do biéu
hién cao. Pé sang loc cac gen c6 kha nang dong
vai trd quan trong trong viéc sinh tong hop
chitin, ching t6i da st dung cac dir liéu hé
phién mi (transcriptome) khac nhau. Cac ngudn
dit liéu hé biéu phién ma bao gdm: su biéu hién
gen & ndm M. lusitanicus trong diéu kién hiéu
khi va ki khi [14], va su biéu hién gen do tac
dong ctia nhan td phién ma ATF [15].

2.3. Phdn tich cac dac tinh ly-hoa, trinh tu va
cau tric protein

Céc trinh ty protein lién quan dén sinh tong
hop chitin da dugc tim kiém va khai thac tir cac
co s& dir li€u hé gen ndi trén st dung cac cong
cu tim kiém tich hop. Két qua tim kiém duoc
sang loc thong qua so sanh voi dir liéu ctua hé
phién ma ciia loai ndm M. lusitanicus.

Cac dac tinh ly - hoa cta cac protein trong
nghién ctru trong ddng & cac loai ndm mé hinh da
néu dugc tinh toan bang cong cu ProtParam cua
ExPASy. Céc domain bao ton ciia cac protein
duoc xac dinh thong qua coéng cu tim kiém sir
dung trinh ty cic protein trén co s¢ dir li€u
Conserved Domain Database (NCBI,
https:/Amww.ncbi.nim.nih.gov/Structure/cdad/cad.shtml).

3. Két qua va thao luin
3.1. Danh sdach cac gen weng vién dwoc lya chon

St dung cac cong cu tim kiém cua cac co
so dir liéu “Annotation” hé gen bing cac tur
khoéa tuwong rng voi muc tiéu tim cac gen Ung
vién co6 lién quan dén co ché trao d6i chitin,
chung toi da xdc dinh duge cac gen Ung vién
Véri s6 lugng 16n trong hé gen nam

. lusitanicus. Cu thé, s6 luong gen ung vién
thu dugc khi tim bang cac tir khoa “chitin”,
“chitin synthase” va “chitin deacetylase” 1a luot
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la 70, 29 va 25 tor hé gen M. lusitanicus
CBS277.49 v3.0 (MycoCosm, JGI).

V6i s6 lwong 16n cac gen ung vién tiém
nang thu dugc giy kho khan cho viéc nghién
ctru chtc nang gen. Nham loai bo cac gen it
hodc khong biéu hién, chung t6i da st dung cac
két qua nghién ctru dd cong bd vé& hé phién ma
cua loai M. lusitanicus.

Nhom tac gia Homa va cong su (2022) da
phan tich sy thay ddi biéu hién ciia cac gen
trong hé phién ma (transcriptome) ¢ nim
M. lusitanicus trong diéu kién hiéu khi va ki khi
[14]. Sy thay d6i trong hé phién ma cua loai
nam nay khi dién ra sy tuong tac giita ndm véi
tai thyc bao (phagosome) ciing da dugc phan
tich [15]. Twr d6, ching t6i da sang loc ra dugc
3 gen, bao gdm gen ma ho4 chitin deacetylase
(Cdal, ID 155630) va hai gen ma hoa chitin
synthase, gom Chsl (ID 151786) va Chs2
(ID 85917). Cac gen nay dugc lya chon do cé
mirc @6 biéu hién khac biét nhau dang ké ¢ hai
diéu kién nudi cdy. Cuy thé 1a trong diéu kién ki
khi, cac gen Cdal, Chsl va Chs2 c6 muc do
thay d6i biéu hién so véi diéu kién hiéu khi
(Log: fold change) lan luot 1a 4,04; -5,58 va -
3,24. Piéu nay c6 nghia la gen Cdal ting biéu
hién, con cac gen Chsl va Chs2 giam manh
biéu hién [14]. Két qua nay phu hop véi chirc
ning theo du dodn cua cac gen ndy, cu thé:
chitin synthase va chitin deacetylase lén luot 1a
nhiing enzyme tham gia cac qua trinh tong hop
va phan giai chitin & té bao nam.

3.2. Bdc diém cau triic cdc gen trong nghién ciru

Khai thac thong tin dir li€u hé gen, chiing
t6i thu duoc trinh ty va cdu tric cac gen Ung
vién nhu sau (Hinh 1). Cac gen Cdal, Chsl va
Chs2 1an lugt c6 kich thudc 1673, 2492 va 2876
bp. Céc gen Cdal, Chsl va Chs2 lan luot ¢ sd
exon/intron la 5/4, 7/6 va 5/4. Kich thudc cua
cac doan exon, intron va cic vung 5'UTR,
3"'UTR @dugc chi ra trong Hinh 1.

Do sb luong cac gen tng vién dugc chon
trong nghién ctru nay chi chiém mot phan nho
s0 vOi cac gen lién quan trong hé gen ciia nim
M. lusitanicus (xem muc 3.1), nén chung toi
khong tién hanh so sanh vé trinh tur cac gen ndy so

v6i cac loai khac. Vi sb luong gen nay khong dai
dién cho toan bd cac gen li€n quan trong h¢ gen.

Tuy nhién, khi st dung cong cu BLAST dé
tim kiém cac gen twong dong trong hé gen cua
loai Mucor racemosus (JGl,
https://mycocosm.jgi.doe.gov/Mucracl/Mucracl.
home.html) ciing thu dwoc cac gen tuong dong
cao va co kich thudc tuong duong. Cu thé 1a cic
gen ID 7705, ID 1813 va ID 11072 c6 chiéu dai
tuong g 1a 462, 2869 va 2840 bp.

i ) 1673
Cdat I —— E—

) (46 91 137 182 (227 272 (317 363 408 452

1 ‘ 2492
Chs1 -—-——-——-———

) 73 145 217 (289 361 ,433 505 577 649 720

L 1

3| 2876

(L 88 (176 263 (351 438 525 613 700 788 674

Hinh 1. So db ciu trac cac gen Gmg vién
trong nghién ctru. Cac hop mau dé va mau xanh
1an Iuot 13 ving exon va ving UTR. Céc doan nbi
la vaing intron. Céc con sé chi kich thudc (bp)
cua cac doan tung ung.

3.3. Mot s6 ddc tinh Iy hod cia cdc protein
trong nghién ciru

Béng 2 thé hién cac dic tinh cta cac protein
da dugc lya chon st dung cong cu ProtParam
cua ExPASy. Can ctr vao cac s6 liéu thu duge
dua trén trinh tu va dic tinh cta cic axit amin
clia cic protein trong nghién ciru, co thé rit ra
mot s6 nhan dinh trong Bang 1.

Céc phan tr protein CDA1, CHS1 va CHS2
lan luot co kich thudc gdm 451, 719 va 872 axit
amin. Cac protein CDA1 va CHSI c6 thé 6n
dinh trong diéu kién in vitro hon so véi CHS2.
Mic du protein CHS1 c¢6 kich thudc ngén hon
nhiéu so voi CH2, nhung thé tich tuong dbi cua
CHS1 c¢6 thé 16n hon CHS2 do n6é mang nhiéu
axit amin c6 cac chudi bén khong vong hon.
Hon nira, CHS1 ¢6 kha nang la protein ki nudc,
trong khi CDA1 va CHS2 c6 kha nang la
protein ua nudc.
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Bang 1. Mot sb dic tinh Iy hoa hoc cua cac protein trong nghién ctru

Protein | Chicu dai (aa) | MW (kDa)! pl? IE Al* [ GRAVYS
CDA1 451 4,74 473 32,67 72,11 -0,120
CHS1 719 8,16 6,44 35,01 88,30 0,065
CHS2 872 9,78 9,00 41,09 82,81 -0,108

Ghi cha: IMW: khéi luong phan tir, 2pl: diém dang dién (Isoelectric point); 311 (Instability Index): protein c6
II < 40 duoc xem 1a 6n dinh trong diéu kién dng nghiém, va nguoc lai. “Al (Aliphatic Index): thé tich trong
dbi bi chiém boi cac chudi bén khong vong (Ala, Val, Ile, Leu). *Protein c6 GRAVY > 0 ¢6 nhiéu kha ning

1a protein ki nude, va nguoc lai.

3.4. Cau truc domain cua cdc gen trng vién

Str dung cong cu tim kiém cac domain c6 tinh
bao tdn cao cua NCBI (Conserved Domains
Database), chung t6i da phat hién dugc céac cAu
tric domain dién hinh ciia cic protein trong
nghién ctru. Cac cdu tric domain nay phu hop véi
cau trac dién hinh ctia cac ho protein tuong tmg.

Céu trac protein CDA

Protein CDA1 & M. lusitanicus bao gom
451 axit amin, trong d6 c6 mot domain XUc tac
NodB, twong déng véi domain NodB cua
protein chitin deacetylase (MrCDA) cuia loai
nam Mucor rouxii. Domain NodB ctia protein
CDA1 dinh vi & vi trf axit amin tir 158 dén 348

(Hinh 2). Piéu nay cho thay protein CDA1
thudc ho protein chitin deacetylase.

Theo mo ta cia NCBI, ho protein nay dugc
dai dién boi chitin deacetylase (MrCDA, EC
3.5.1.41) caa nAm M. rouxii. MrCDA 1a mot
glycoprotein c6 tinh axit ¢6 tinh dic hiéu ddi
véi cac homopolyme N-acetylglucosamine lién
két voi Pl-4. N6 can it nhiat boén goc
(chitotetraose) dé xuc tac va co thé dat dugc
qué trinh khir acetyl trén dién rong trén cac
polyme chitin. MrCDA c¢6 d0 twong dong vé
trinh ty cao v6i Colletotrichum lindemuthianum
chitin deacetylase (CICDA), protein cling co
mot domain xuc tac duy nhat [16].

1" 150

Query seq.,
putative active site
putative catalytic site
putating Zn binding site
Nod motif

CDA1
Specific hits
Superfanilies

=0 30 0 451

CE4_IC0R_Like
CE4_SF superfamily

1 b 15
Query seq,

Ligand binding site
0D motif

Specific hits [z Chitin_sunth_1

CHS1

Superfanilies [ Glyco_tranf 6TA_type superfanily

n

BesA superfamily

1

1 m n i

Query seq,
Y seq Ligand binding site

0D motbif

Specific hits Chitin_synth_1

CHS2

Superfanilies

Glyco_trand GTR_type superfanily

40 S0 1] m

Bcsh

BcsA superfamily

Hinh 2. So dd céu truc cac protein véi cac domain dugc phat hién dya trén co s dir liéu cac domain bao tdn cua

NCBI. Cac ving domain chinh trong céc phan tir protein gom: CE4 MrCDA_like (ving hoat dong NodB thudc

Chitin deacetylase ctia nAm Mucor rouxii), Chitin_synth_1 (Chitin synthase), Chitin_synth_1N (Chitin synthase
N-terminal), BcsA (Glycosyltransferase).
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CAu trac cac protein CHS.

So d6 ciu trac cac domain cua protein CHS
& nAm M. lusitanicus trén Hinh 2 cho thiy ca
hai protein niy déu mang cac ciu tric domain
dién hinh cta cac protein trong ho chitin
synthase. Hai protein CHS1 va CHS2 lan luot
c6 chtra 719 va 872 axit amin. Ca hai protein
déu co chira cac cu trac domain twong ty nhau,
gdm c6 3 domain sau day:

i) Chitin_synth 1IN  (Chitin  synthase
N-terminal), ddy 1a domain phia diu N cta
enzyme Chitin synthase (pfam01644);

ii) Chitin_synth_1 (Chitin synthase), day la
vung domain thuong dugc phat hién & cac loai
enzyme chitin synthases 16p I, II va III;

T. A. Trung et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 40, No. 3 (2024) 13-19

iii) BcsA (Accession number: COG1215).
BcsA, hay glycosyltransferase, l1a domain cé
hoat tinh xtc tic ctia cic enzyme cellulose
synthase va poly-beta-1,6-N-acetylglucosamine
synthase trong té bao.

Dura trén trinh tu cc axit amin va cac ciu tric
domain ctia céc protein trong nghién ctru, chiing t61
da st dung cong cu Phyre 2 (Protein
Homology/analogY Recognition Engine V 2.0,
http:/Aww.sbg.bio.ic.ac.uk/) dé xay dung cau tric
khéng gian 3 chiéu cua ching (Hinh 3). Duya trén
hinh anh 3D, c6 thé nhan thay rang hai protein
CHSI va CHS2 c6 su twong dong cao vé cau tric
khéng gian, chiing té chiing ¢6 chiic nang twong tu
nhau. Nhin dinh ndy cin kiém tra bang cac thuc
nghiém vé chirc ning gen trong tuong lai.

CDA1

CHS1

CHS2

Hinh 3. Hinh anh céu trac khong gian 3 chiéu cuia cac protein trong nghién ctru
duoc xay dung bang cong cu Phyre 2.

Nhing phan tich v& ciu triic ctia cac protein
néu trén cho thdy cac gen Cdal, Chsl va Chs2 ma
hoa cac protein co ciu triic dién hinh ciia cic
enzyme chitin deacetylase va chitin synthase.

4. Két luan

Nghién ctru ndy déa chon loc va nghién ciru
mot so dac tinh cua 3 gen ung vién gom mot
gen ma hda chitin deacetylase (Cdal) va hai
gen ma hda chitin synthase (Chsl va Chs2) tur
70 gen lién quan dén sinh téng hop chitin &
nam M. lusitanicus dua trén dir liéu hé gen va
hé phién ma. Cac phan tich vé cu trac gen, cdu
tric va dic tinh 1y hoa cua céc protein cho thay
céc protein ndy c6 cau triic dién hinh ciia cac ho

protein twong ung. Két qua nay tao tién dé cho
cac nghién ctru chirc nang sinh hoc cia cac gen
lién quan dén sinh tong hop chitin ¢ thanh té
bao ciia loai nAm gy bénh nay.
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