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SUMMARY

ANALYSIS OF POTENTAIL FUCOIDANASE SEQUENCES FROM THE
MARINE BACTERIA Pseudomonas sp. S3178 WITH BIOINFORMATICS
SOFTWARE

Fucoidanase are enzymes that catalyze the conversion of fucoidan into short-chain oligosaccharides through
hydrolysis of sugar bonds between fucose or sulfate fucose residues, helping to prepare fucoidan
oligosaccharides with high biological activity and clear structure. The use of bioinformatics software to
search and identify potential fucoidanase sequences is an important research step to help improve efficiency
and save costs in recombinant fucoidanase research. In this paper, we analyze and compare the protein
sequence (PF1) originating from the marine bacterium Pseudomonas sp. S3178 with fucoidanase sequences
has been published on National Center for Biotechnology Information (NCBI) using bioinformatics
software. Analysis results show that PF1 is a protein of 402 amino acids, containing a 22 amino acid signal
peptide domain and a 380-amino-acid D1 functional domain typical of fucoidanase. In the D1 domain of
PF1, two amino acid residues D203 and H278 have been identified that are responsible for catalysis and
four amino acid residues Y142, N144, S231 and T327 belong to the active center of this enzyme.
Phylogenetic tree analysis showed that the PF1 sequence belongs to a(l/—3) fucoidanase group. These
results are the scientific basis and premise for further research to create high-performance, highly active
recombinant fucoidanase.
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1. GIOI THIEU rong Nau [1]. Tuy nhién, vi ciu tric hoa
hoc phuc tap, trong lugng phéan ta 16n, va
d6 nhét cao nén cac san pham fucoidan
trén thi truong hién nay, cha yéu lién quan
dén cac san pham dinh dudng, thuc pham
chic nang va my pham. Chinh vi vay, cac

Fucoidan la mét trong nhing sulfate
polysaccharide c6 hoat tinh sinh hoc da
dang, dang quy va co6 gia tri irng dung cao
trong linh vyc y dugc ¢d nguon goc tir
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enzyme chuyén héa fucoidan trong d6 co
fucoidanase dang nhan dwogc rat nhiéu su
quan tam nghién cuu. Fucoidanase (EC
3.2.1.-) la cac enzyme xUc tac thuy phan
lien két duong gitta cac goc fucose hoic
sulfated fucose trong mach chinh cua
phén tir fucoidan. Dya vao kha nang xuc
tac thuy phan lién két duong ¢ céc vi tri
carbon khéc nhau giita cac gbc fucose
hoac sulfated fucose trong mach chinh
cia phan tr co chat fucoidan ma
fucoidanase dugc phan thanh 2 nhdm
chinh 1a a(1—4) fucoidanase va o(1—3)
fucoidanase [2]. Fucoidanase tai to6 hop
duoc tao ra bang ki thuat sinh hoc phan tu
gilp tao ra cac enzyme c6 hoat tinh manh
va d6 bén cao. Trong nhitng nam gan day,
nho vao su phat trién cua cac phan mém
phén tich tin sinh hoc ma théng tin cua
cac vung bao thu cua phan ta protein
fucoidanase ciing nhu ciu tric cua
enzyme nay da dugc lam séng to, qua do
giup nang cao khd ndng tim kiém céac
trinh ty fucoidanase tiém niang huéng dén
nghién ciru thanh cong fucoidanase tai to
hop [3-6]. Cong b cua Vicker va cong sy
vé cau tric tinh thé 3D cua 02 phan tu
fucoidanase PSAFcnA va MfFcnA tir vi
khuan bién Psychromonas SW5A va
Mariniflexile fucanivorans sp. nov. da chi
ra vung bao thu chiu trach nhiém hoat tinh
cua fucoidanase 1a vung D1, d6 la mot
doan polypeptide gom khOang 400 axit
amin c6 cau tric dang xoan va tam két
hop (B/a)8 tinh tur dau tan cung amino cua
chudi protein, mdi ving déu chtra 02 goc
axit amin la Aspartic (D) va Histidine (H)
chiu trdch nhiém xuc tac cuaa enzyme
fucoidanase (twong trng vai vi tri D226 va
H294 cua trinh ty MfFcnA, D201 va
H276 cua trinh tu P5SAFcnA), cung Vvoi
céc vi tri lién két khac trong d6 c6 lién két
véi ion Ca?* [5].

Nho vao cong bd vé trung tdm hoat dong,
vi tri x(c tdc va cau trac 3D cua
fucoidanase tir nhom nghién ctu cua
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Vicker va cong su, mot loat cac
fucoidanase khac cling da dugc xac dinh
va tai to hop thanh cong trong thoi gian
ngidn sau dé, nhu 04 fucoidanase tir Vi
khuan bién W. fucanilytica CZ1127T [6],
fucoidanase P19DFcnA tir vi khuan
Psychromonas sp. [5], fucoidanase Fhfl,
Fhf2 tir F. haliotis [3,4]. Cac fucoidanase
nay khéng phai dugc sang loc, phan lap,
tach chiét truc tiép tir té bao sinh vat nhu
c4c nghién ctru trude day, ma duoc tong
hop bang ky thuat sinh hoc phan tir nho
VAo Viéc dy doan cac trinh ty protein tiém
nang san c6 trén Ngan hang gen thé gigi
(National Center for Biotechnology
Information - NCBI). Trong cac nghién
cau nay, bén canh vung D1 va trung tam
hoat dong cua fucoidanase, mot s6 ving
bao thu khac nhu ving peptide tin hi¢u
(signal peptide), wvung Cadherin-like
domain (IgR) hay vung Type IX secretion
system (T9SS) ciing dugc xac dinh, mac
di vay cho dén nay vai trd cua cac ving
bao tha nay (loai trir ving D1) ddi Véi
hoat tinh cua fucoidanase van chua duoc
lam rd [4-7].

Trong nghién ctu nay, nhom tac gia da su
dung cac phan mém tin sinh hoc hién dai,
két hop véi cac thong tin khoa hoc méi
nhat vé trinh tu, cu tric cua fucoidanase,
dé phan tich trinh ty protein PF1 ¢4 ngudn
gdc tir chung vi khuan Pseudomonas sp.
S3178 dugc khai thac tir Ngén hang gen
thé gigi (NCBI).

2. VAT LIEU VA PHUONG PHAP
2.1 Vit ligu

DPoan trinh ty protein (PF1) cua chung vi
khuan Pseudomonas sp. $3178, c6 ma s
Genbank: WP_138682449.1 va mi sb
Protein ID: TMP05905.1 trén Ngan hang
gen thé gigi (NCBI).

2.2 Phuwong phap

Cong cu BLAST (Basic Local Alignment
Search Tool): mét tap hop cac céng cu tim



kiém, thong ké dugc thiét ké dé phan tich
mtc d6 twong ddng va do6 bao phu cua
trinh tu sinh hoc trén ngan hang dir liéu
gen NCBI.

Cong cu InterProScan: cung cap thdng tin
vé chirc nang cua protein bang cach phan
loai chdng thanh c&c ho va du doan cac
ving bao tdn cua trinh tu protein phan
tich.

Cong cu SignalP 5.0: du doan su hién
dién cua céc vung peptide tin hiéu (signal
peptide) va céc vi tri phan cit cua ching
trong trinh ty protein.

Phan mém CLC Genomics workbench
program 8.0: duoc sir dung dé xac dinh
cac viing va gbc axit amin bao ton cua cac
trinh tu protein phan tich, dung cay phat
sinh loai.

Hé thdng phan loai CAZy (Carbohydrate
Active Enzymes): phan loai enzyme hoat
dong trén co chat carbohydrate.

C4c trinh ty fucoidanase da dugc cong b
dugc su dung lam trinh ty tham chiéu
duoc liét ké ¢ Bang 1.

Bdng 1. Danh muc cac GH107 fucoidanase duoc
st dung lam tham chiéu

SW5A

P9DfcnA [Psychromonas sp,

[5] SW19D AYF59292.1
Fdal [10-| Alteromonas sp.

12] SN-1009 AAO000508.1

Fda2 | Alteromonas sp. AAGO0509.1

[10,11] SN-1009

Nguonvi | Phan

Enzyme Khuan loai Genbank
Mariniflexile
Mf[':;jnA fucanivorans CAI47003.1
SW5T

FFA1 [8] | Formosa algae WP_057784217.1

FFA2 [9] | Formosa algae WP_057784219.1

Endo-a

(1—4)

Fhfl [4] | Formosa haliotis WP_066217780.1

Fhf2 [3] | Formosa haliotis WP_066217784.1

EWf1-4 |Wenyingzhuangial
fucanilytica
(6] Cz1127T

AXES0_07305;
AXES0_07310

PSAfcnA Psychromonas sp| Endo-o AYF59291 .1

[5] Psychromonas (1-3)

3. KET QUA VA THAO LUAN

3.1 Két qua phan tich trinh tw va ving
bao tha cia PF1

Theo két qua phan tich bang Signal P 5.0
(ma SO tra ctu:
6677967F0016A135EBF45AA6,  ngay
23/06/2024) va InterproScan (ma so tra
cau: iprscan5-R20240622-121812-0969-
222055-p1lm, ngay 22/06/2024), PF1l la
mot protein gom 402 axit amin, ¢ chira
doan signal peptide gom 22 axit amin (vi
tri cit- cleavage site nam gitra axit amin
22 va 23) va khong chua bat ky mién du
doan chirc nang nao (Hinh 1 va Hinh 2).

....................................................................

Hinh 1. Chiéu dai va v tri signal peptide cua PF1
duoc xdc dinh bang SignallP 5.0
Phan tich d6 tuong dong ciia PF1 voi céc
trinh ty san co trén co so dir liéu cua
Ngan hang gen NCBI bing cong cu
BLAST (m4 sé tra ciru: 7F88UDIMO16,
ngay 23/06/2024) cho thay, PF1 c6 do
twong ddng cao nhit véi trinh tu protein
gia dinh (hypothetical protein) tir chung vi
khuan  Pseudoalteromonas  fuliginea
(WP_14961387.1), véi do twong ddng
(Identify percent) dat 90% va d¢ bao phu
(Query percent) dat 99%. Pi véi cac
trinh tu fucoidanase da dugc cong bd, PF1
c6 do twong dong cao nhit voi trinh tu




P5AFCNA Vi 63% do tuong dong va 90%
d6 bao phu. PSAFcnA la fucoidanase dac
hiéu lién két duong a(1—3) va cing la
fucoidanase dau tién dugc xac dinh cau
trac tinh thé 3D [5].

Hinh 2. Két qua phan tich viing chic nng cia
PF1 bang InterproScan

Két qua phan tich viing chac nang & Hinh
2 cho thay, trinh tw PF1 chi chtra ving
signal peptide va vung D1, vung bao thu
chiu trach nhiém cho hoat dong xuc tac
cua fucoidanase, ma khéng bao gom bét
ky mot ving chic ning nao khac. Cau
trac don gian cua PF1 ciing twong dong
véi mot sé fucoidanase da dugc cong bd
nhu P5AFcnA va P9DFcnA [5]. Mac du
vay, bén canh vung signal peptide va ving
D1, phan 16n céc trinh tu fucoidanase con
chtra thém mot s6 vung chirc nang khac
nhu vung Cadherin-like domain (IgR),
hay wvung Type IX secretion system
(T9SS)...cac ving nay c6 thé xuat hién
mét lan hozc nhiéu lan trong cau tric cua
cac enzyme fucoidanase [3-5,7].

3.2 Két qua phan tich axit amin bao tha
thugc vung chire nang D1 cia PF1

Trong viing D1, ¢6 hai goc axit amin chiu
trach nhiém xdc tadc cua fucoidanase la
Aspartic (D) hoat dong nhu tac nhan
nucleophile va Histidine (H) hoat dong
nhu chat x0c tac gbc axit. Trudc
do6,Vicker va cong su da xac dinh ¢ cac vi
tri D226 va H294, D201 va H276, D198
va H276 lan luot cua cac trinh tu
fucoidanase MfFcnA, P5AFcnAva
P9DFcnA [5]. Trong nghién ctu nay, da
duoc xac dinh trén trinh tu cua PF1, & cac
vi tri twong tng D203) va H278. Thém
vao do, két qua phan tich caa chung toi
cling chi ra rang, 2 axit amin nay xuat

45

hién & tat ca cac trinh fucoidanase da
dugc cong bo (Bang 2).

Bdng 2. V; tri axit amin bao thu trong vung bdo
thu D1 cua PF1 va cac fucoidanase

Fucc:edana Axit amin bao tha cia vung D1
142 144 203 231 278 327
FF1 Yy IN |D |s |H |w
143 145 201 229 276 325
P5AFcnA v N D N H W
140 142 198 229 276 327
PIDFenA [ v |y | In |n |w
135 137 226 252 273 323
Fdal Yy |A |D [N |H |W
198 200 295 221 342 392
Fda2 Y |A |D [N |H |W
147 149 226 270 294 351
MfFcnA v N D N H W
142 144 223 266 290 364
Fhfl Yy IN |D [N |H |W
144 146 227 270 297 355
Fhf2 Yy IN |D [N |H |W
144 146 223 267 291 348
FFAL Yy [N |D [N |H |W
154 156 237 280 307 365
FFA2 Yy IN |D [N |H |W
129 131 225 267 293 357
FWil Yy [N [D [0 |H |w
365 367 464 506 537 611
FWi2 Yy IN |D [N |H |W
311 313 401 443 469 528
FWI3 Yy IN |D [N |H |W
150 152 229 273 297 354
FWf4 Yy IN |D [N |H |W

Trong do: 02 axit amin chiu trdch nhiém
xuc tac dugc in dam: Aspartate (D) va
Histidine (H); 04 axit amin thudc trung
thm hoat dong: Tyrosine (Y), 2 géc
Asparagine (N), Tryptophan (W). Sb
trong bang la vi tri axit amin twong Gng
Véi tirng trinh tu fucoidanase phén tich.

Bén canh do6, 03 trong 04 gbc axit amin
thuoc trung tadm hoat dong cua
fucoidanase bao géom Y147, N149 va
T351 da dugc céng bd trén trinh tu
MfFcnA [5], cling dugc xac dinh ¢ trinh
tu PF1, twong (ng Véi cac gdc axit amin
la Y142, N144 va T327. Trong khi do,




gbc axit amin con lai caa MfFcnA la
N270, duoc bién d6i thanh S231 trong
trinh tu PF1 (Bang 2).

DPéng chu ¥, co6 02 gbc axit amin thudc
trung tdm hoat déng khdng bao tén hoan
toan gitra tit ca céac trinh tu fucoidanase
nghién ctu. Géc N149 cua MfFcnA bi
bién d6i thanh Alanine (A) trong Fdal va
Fda2 [3,4]. Con gbc N270 cia MfFcnA bi
bién d6i thanh S231 trong PF1 va Q267
trong FWf1 (Bang 2). Mac du, can phai
phan tich sau hon vé goc d6 phan tir ciing
nhu sinh hoa dé thay duoc cac khéac biét
nay c6 anh huong nhu thé nao dén dic
tinh xdc tac cua mdi fucoidanase khac
nhau, nhung ciing c6 thé ly giai cho tinh
dac hiéu cao cua enzyme fucoidanase, do6
la, bén canh loai lién két gitta cac gdc
duong fucose & mach chinh cua co chét
fucoidan, dic tinh xdc tac cua cac
fucoidanase cting chiu anh hudng cua vi
tri va sé luong cac nhoém chic khac nhu
géc sulfate, goc acetyl...; hay mat do va
d6 phtic tap cua céu tric cac mach nhanh
[2,3,11].

3.3. Két qua phan tich cay phat sinh
loai caa PF1 véi cac fucoidanase khac

Cay phat sinh loai dwoc thuc hién tir két
qua phéan cua vung D1 gitra PF1 va 13
fucoidanase khac bang Phan mém CLC
Genomics workbench program 8.0
(Hinh 3).

Cay phan loai dugc phan thanh 2 nhanh
chinh, gdom Nhéanh A va Nhéanh B. Trong
do, tit ca cac fucoidanase xuc tac dac hiéu
cho lién két duong a(1—4) nhu MfFcnA
[5,7], FFAL [13], FFA2 [9], Fhfl [4], Fhf2
[3], FWf1,2,3,4 [6] déu thuoc Nhanh B.
Trong khi, PF1 thuoc cung Nhanh A cung
Véi cac fucoidanase xuc tac dac hiéu voi
lien két duong a(1—3) nhu Fdal va Fda2
[11,12] va P5AFcnA, P19DFcnA [5]
(Hinh 3).
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A) L Fdal
P5AFcnA
V—‘— P19DFcnA
‘ PF1
FFAL
Fhfl
Fhi2
(B)
FFA2
FWE4
FWI3
|— FWR2
05
FWfl

Hinh 3. Cay phét sinh loai cua PF1 va cac
fucoidanase

4. KET LUAN

Bang cong cu tin sinh hoc va nguon dir
lieu trén Ngan hang gen thé gi¢i NCBI, da
xac dinh dugc 01 doan trinh tu
fucoidanase tiém ning PF1. Két qua
nghién ctu s€ la luan chang khoa hoc
dang tin cay dé tién hanh lua chon trinh tu
PF1 cho nghién ctu tai to hop
fucoidanase.

Loi cam on: Két qua bai bao duogc thyc
hién tir ngudn kinh phi thuoc Dé tai Khoa
hoc cong nghé thudc cac huéng KHCN
vu tién (m3 sd6 VAST02.01/23-24) cua
Vién Han lam Khoa hoc va Cbng nghé
Viét Nam.
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