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TOM TAT

Phuong phdp md phdng luyén kim (SA — Simulated Anneaning) dugc gidi thi€u mdt cich
doc lap bdi S. Kirkpatrich, C. D. Gellatt, M. P. Vecchi nam 1983. Phuong phédp nay dugc xay
dung dua trén md phong kiéu Metropolis voi céc tham sb diéu khién bién thién theo chu trinh
tién héa cua giai thuat. Day 1a mot cong cu hiéu qua dé xu If cdc bai todn tim kiém va tbi wu, dic
biét 1a nhitng bai todn c6 khong gian tim kiém 16n.

Trong bai bdo nay, ching tdi dd xdc dinh dugc cdc thong sé dong hoc cua
fructosyltransferase (FTS) bang phuong phiap mo phong luyén kim, gitp giam thiéu s6 thi
nghiém, thoi gian va chi phi khi nghién ctru dong hoc phan ung enzyme, dac biét 1a trong truong
hop phan @ng c¢6 nhiéu co chat.

Twr khoa: mo phong luyén kim, FTS, ddng hoc, t61 wu.

1. PAT VAN PE

Mb phong luyén kim 12 giai thuat Metaheuristic tim kiém dia phuong kha phd bién trong
viéc giai cdc bai toan t&i uu to hop roi rac. Tinh ning chinh cua giai thuét 1a cho phép viéc thoat
khoi cuc tri dia phuong bang céch cho phép di chuyén nguoc véi hy vong tim dugc 10i giai tdi
vu. Tinh d& cai dat, kha nang hoi tu va viéc ky thudt nay str dung cic budce di chuyén lui dé thoat
khoi cyc tri dia phuong di 1am cho né tré nén pho bién tir cach day 2 thap ki [1].

Giai thuét luyén kim mé phong qué trinh luyén kim thong thudng, trong d6 tinh thé thép
dugc nung néng va sau d6 duoc cho phép lam ngudi rAt cham cho t6i khi n6 dat duge cAu hinh
tinh thé cirg nhat, néu qua trinh 1am ngudi dii cham, két qua cudi ciing s& 1a kim loai véi cau
tric rat t6t. Giai thuat 4p dung cho bai todn t&i wu t6 hop v6i mdi lan 1ap, ham muyc tiéu dwoc
xem xét cho 2 10 giai, 10i giai hién tai va 10i giai moi. Chiing dwgc so sanh véi nhau va néu 1oi
gidi méi tot hon né s& ludn ludn dugc chon. Nguoc lai néu ham muc tiéu cda 161 gidi méi khong
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t6t hon, né van c6 kha ning dugc chip nhan trong hy vong thodt ra khoi cyc tri dia phuong dé
tim kiém cuc tri toan cuc, xac suét chép nhén 161 gidi kém hon tuy thudc vao tham $6 nhiét do,
tham s6 nay s& giam dan khi cdc 1an lap tiép dién, khi nhiét do giam xudng téi gan 0, qud trinh
nay s€ it xay ra hon va phan b 101 gidi s€ c6 nhiéu kha nang hoi ty dén cuc tri toan cuc mot cach
nhanh chéng [1].

Dé giai quyét cic bai todn tim kiém va t6i uu trong cong nghé thyc phim va cong nghé sinh
hoc, phuong phap dugc st dung nhiéu nhat 12 phuong phdp ngiu nhién. Tuy nhién, phwong phép
nay c6 nhiéu han ché nhu dé roi vao cuc tri dia phurong, ton nhiéu thoi gian vi phy thude vao qua
trinh ngau nhién héa [2]. Gan dy c¢6 nhiéu nha khoa hoc da img dung phwong phép SA thay cho
phuong phép ngau nhién truyén thong [3, 4].

Tai Viét Nam, Bui Cong Thanh va Truong Tuén Hiép [5] d tdi uu dong thoi céc bién kich
thudc va vi tudng cua két cdu dan phang dya vao giai thuat md phong luyén kim; DS Quang
Binh [6] nghién ctru kha nig thiét ké cdc miu tai nap nhién liéu t6i wu cho 10 phan mg hat nhén
bang phwong phdp md phong luyén kim; Nguyén Ngoc Ti va Tran Va Lang [7] két hop giai
thuat di truyén va mo phong luyén kim giéi bai toan sip hang da trinh ty sinh hoc; Vii Manh
Xuan [8] su dung g1a1 thuét di truyén, chién lugc tién hod va giai thuat mé phong luyén kim dé
giai bai todn tdi wu sd.

Thong thuong, dé xdc dinh cac thong $6 dong hoc cia enzyme nhu K, Ki, Viax, phéi tién
hanh hang loat thi nghiém tryc tiép va sir dung phuong phép do thi Lineweaver — Burk. Mubn
dung duoc céac do thi Lineweaver — Burk c6 d¢ tin cdy cao, can thim do, tim céc nong do
enzyme va céc ndng do co chit thich hop, tim thoi gian thich hop dé xdc dinh tdc d6 ban dau cua
phéan trng enzyme, cling nhu 4nh hudng cua thoi gian trong qua trinh phén tng [9].

Trong mot ) truong hop, vi du nhu dbi véi fructosyltransferase (FTS) thu nhén tu
Aspergillus flavipes dang nghién ctru, viéc xdc dinh 11 thong s6 dong hoc ciia enzyme FTS (K,
Kok, Kmn, Klgs, Klgk, Klign, Vms, Viks Vi, Kmhn, thn) theo phuong phédp nay rat phuc tap va khé
khin. Dé giai quyét van dé nay, ching t6i dé xuit sir dung phuong phap mo6 phong luyén kim
nhim xac dinh dong thoi 11 thong sé dong hoc clia enzyme thong qua dit lidu thuc nghiém thu
dugc trong céc thi nghiém theo d6i anh huong cta thoi gian dén qud trinh tong hop
Fructooligosaccharide (FOS).

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu

- Saccharose (Cong ty CP Bourbon T4y Ninh, Viét Nam).

- Héa chét: FOS chuin (Wako, Nhat); saccharose, glucose, fructose, acetonitrile va nudc dé
phan tich HPLC (Merck, Duc).

- Fructosyltransferase (Vién Cong nghiép thuc phélm, Viét Nam).
2.2. Phwong phap nghién ciu

- Xéc dinh thanh ph?ln fructose, glucose, saccharose, FOS (GF,, GF;, GF,) bé"mg phuong
phép sac ki 1éng cao ap (HPLC).
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- Giai hé phuong trinh vi phan bang phuong phap Runge — Kutta.
- Giai bai todn t6i uru bang phuong phap moé phong luyén kim [10].
Procedure Simulated_Anneaning;
begin
t « 0
u « trang thdi ban dau nao do;
T ¢ nhiét dé ban dau;
repeat
v ¢ trang thdi duwoc chon nhdu nhién trong lan cdn u;
if cost(v) > cost(u) then u «v
else u ¢« v véi xdc suat e
T «g(T 1);
tet+1;
until 7 du nho
end;

- Dénh gid mirc do twong thich ciia md hinh dong hoc da dé xuét voi thyc nghiém thong
qua hé so twong quan R dugc tinh bang cong thic (2).

S G- My) =33 (5,0 -5, X )Y
R — =0 i=1 - T =0 i=l —
Zz(yi(t)_My,')z

=0 i=1 (2)

trong do:
y,(#) 1a gid tri thuc nghiém cta nong do chat (i) tai thoi diém t.

M ;i 12 gid tri trung binh ciia ndng do chét (i) trong khoang thoi giant=0 > ©

N

t

-
— At .,
My, = z y'—() ; N, 1a so diém do trong khoang thoi giant=0 2> 1
t=0
Y, X ) 1a ndng do chat (i) tinh toan duoc tai thoi diém t bang cdch giai hé phuong trinh
vi phan véi céc hing s dong hoc X = } .

3. KET QUA NGHIEN CUU VA BAN LUAN
3.1. Co ché va mé hinh ddng hoc phan img chuyén héa saccharose thanh FOS bang FTS

Trong nhiing nghién ctru trude day, ching toi da dé xuét co ché phan ng chuyén héa
saccharose thanh FOS bang enzyme FTS gébm 3 phan ing chuyén héa (tr 3 dén 5) va 1 phan rng
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thuy phén nystose GF; (phan tmg 6) va mé hinh dong hoc phan l'rng’chuyén héa saccharose
thanh FOS bang enzyme FT'S dudi dang hé phuong trinh vi phan (tir 7 dén 12).

2GF - GF, + G
2GF, — GF; + GF
2GF; — GF, + GF,
GF; - GF,+F
Véi:

3)
“4)
)
(6)

+ [G], [F], [GF], [GF,], [GF;s], [GF4] la ‘n(‘A)ng dd cua glucose, fructose, saccharose,

1-kestose, nystose, fructofuranosyl nystose, tinh bang g/L.

+ Ko, Kmk, Km, Koma 12 héng $6 Michaelis—Menten (chuyén h(’)‘a) cua saccharose, kestose,
nystose va hang s6 Michaelis—Menten (thuy phan) cua nystose, tinh bang g/L..

+ Kigs, Kigks Kign 12 hdng s6 trc ché canh tranh cua glucose voi co chat 1a saccharose,

kestose, nystose, tinh bang g/L.

+ Voo, Vi, Vi Vi 12t do chuyén fructosyl tdi da v&i co chat 13 saccharose, kestose,
nystose va toc do thuly phan t6i da (co chat la nystose), tinh bang g/L.h.

+ Céc gia tri 180, 342, 504, 666, 828 la khdi lugng phan tr cua glucose, saccharose,

1-kestose, nystose va fructofuranosyl nystose.

mn

\ dt 2.666'[GF3]+K (HF)

ign

[(dOF __ “V,IGFI 32 V,IGE]
dt [GF]+1<,,1S(1+%) 2504 16p 4k 1+ 190 (7
igs ik
dG 180 V. [GF]
di 2342 (GF1+k, 1+ 161 ®
K,
dF _180 V,,[GF;] 9)
di 666 [GF,1+K,,
< dGE_ 504 __V,IGA V. [GE] 504V, [GE] 504 V,,,IGE] (10)
dr 238160k 0+ GErek 410 2606 Gk (1410]) 666IGEI+K,,
s Ky Ky
dGF3= 666 V. [GF, ] B Vo 1GF;] B Vo (G5 (]])
dt 2'504.[GF2]+KM(1+ (G [GF3]+KM(1+%) [GF1+K,,
igk ign
dGF, 828 V_[GF,] - 12

3.2. Khio sat anh hwéng ciia thoi gian dén qua trinh tong hop FOS bing enzyme FTS

Tién hanh khéo sdt dnh huéng cua thoi gian dén higu suét tong hop FOS bang cich thuc
hi‘én cic thi nghiém chuy@n héa FOS & diéu kién t6i wu da xdc dinh (nhiét d6 40 °C; pH 5,7;
nong do saccharose ban dau 700 g/L; ti 1¢ enzyme 11,9 U/g saccharose) va thoi gian phan ing

thay doi tir 0 dén 24 gio. Két qua dugc thé hién trong bang 1.
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Tir két qua thyc nghiém, ching t6i thay trong giai doan dau (0-6 gio), saccharose dugc
chuyen héa rat nhanh, dong thoi san phdm chuyén héa chii yéu 1a 1-kestose va glucose. Khi
nong do 1-kestose tang Ién, ndng do cua nystose ciing tang do su chuyén nhém fructosyl t6i
1-kestose. O giai doan cudi (sau 22 gid), ndng do nystose bang va sau dé tang cao hon nong do
1-kestose. Nong do saccharose, glucose va FOS dat trang théi 6n dinh sau 11 gio.

Bdng 1. Anh huong cua thoi gian phan g dén qua trinh tong hop FOS bang enzyme FTS.

Thoi gian Nong do (g/L) Hi¢u suat
(gi0) tong  hop

§ GF G F GF, GF; GF, FOS | FOS (%)

0 706,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00

2 372,13 78,80 1,98 228,68 24,50 0,00 253,18 35,86

4 233,06 116,20 3,16 306,81 46,10 0,00 352,91 50,03

6 149,01 153,32 4,25 334,70 64,49 1,04 400,23 56,62

8 104,63 164,31 5,91 326,12 102,68 2,68 431,48 61,09

10 83,66 179,02 5,84 305,06 130,05 2,88 437,99 61,99
11 79,10 178,34 6,66 295,79 140,94 5,07 441,80 62,59
12 77,68 180,00 5,32 281,76 148,58 10,81 441,15 62,65
13 74,55 181,96 5,26 267,49 161,84 10,90 440,23 62,71
14 70,89 183,23 6,50 263,31 169,71 10,92 443,94 63,01
15 70,58 180,66 6,44 260,16 176,33 10,88 447,37 63,45
16 70,24 178,92 7,56 247,68 191,08 10,87 449,63 63,66
17 65,69 182,71 6,85 214,15 207,82 29,46 451,43 63,88
18 65,79 186,58 5,16 228,53 199,60 21,67 449,80 63,59
19 65,36 186,37 6,28 227,61 197,64 22,98 448,23 63,47
20 64,95 185,94 6,38 216,30 208,84 22,49 447,63 63,50
22 64,28 189,99 6,81 202,56 216,62 26,01 445,19 63,03
24 60,94 191,68 9,45 189,46 228,36 27,52 445,34 62,95

3.3. Dit bai toan tdi wu xdc dinh cdc thong s6 dong hoc ciia enzyme FTS

Bai todn tbi uu xdc dinh cdc thong s6 dong hoc cia enzyme FTS bang phuong phdp md
phong luyén kim dugc md ta nhu sau:

Hay tim b 0 nghlem {Kmsy Kmk, Kmm ths, thk, thm Vmsy mG, me Kmhm mhn} thECh hop dé
téng binh phwong dp léch E giiva dir liéu Ii thuyét tinh theo mé hinh dgng hoc va dit ligu thuc
nghiém la nhé nhit.

Biéu dat toan hoc cua bai toan tdi wu trén c6 dang:
Emin =min E (Km57 Kmlo Kmna Kigsa Kiglo Kigm Vmsa mGa me Kmhna thn)
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, . A <z Kms<Kmk<Kmn
V61 mién gidi han Qy = (13)
‘/ms> mG> an
trong d6: ham muc ti€u E la téng binh phuong dd Iéch gitra dir liéu 1i thuyét tinh theo mo6 hinh
ddng hoc (gdm hé phuong trinh vi phan tir 7 dén 12) va dit li€u thuc nghiém (bang 1).

e=335 (a,=b,) 14

i=1 j=1

Voéi: + {a;;} 1a ma tran s6 liéu 1f thuyét (ndng do cic duong sau mot khoang thoi gian phan
ung xac dinh) tinh theo m6 hinh.

+ {b;j} 1a ma trdn $6 liéu thuc nghiém.
3.4. Giai bai toan tbi wu xac dinh cac thong s6 dong hoc ciia enzyme FTS

Thuat todn md phdng luyén kim:

- Bude 1:

+ Chonulatap 11 ) ng?lu nhién twong Utng voi Ky, Kke Kone Kigs Kigky Kigne Ving Vi
an, Kmhm thn

+ Giai hé phuong trinh vi phin bang phuong phap Runge-Kutta bac 4
+ Tinh gia tri cua ham muyc ti€u E tir cong thuc (14)
+ Cho t;=1000000

- Bude 2:

+ Chon v 1a tap 11 s6 ngau nhién trong l1an c4n cua u tuong Ung voi Ky, Ke Ko Kigs,
Kigk’ Kign; ‘/ms’ mG’ an, Kmhn; ‘/mhn

+ Giai hé phuong trinh vi phin bang phuwong phap Runge-Kutta bac 4.
+ Tinh gia tri cua ham muc tiéu E tir cong thirc (14)

Néu E(<E
Gén u=v
Gan E¢=E
Ngugc lai
Néu RANDOM(0, D<exp(-((E-Ep)/t;))
Gan u=v
Gan E=E

Cudi néu
Cudi néu
+ Thay ddi t=t,*0.9
- Bude 3: Lap lai budc 2 néu £:>0.000001.

Nghiém ciia bai todn t6i wu la tdp u (c6 E nhé nhat)
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Nghiém tdi wu ciia bai todn cho biét cdc thong sé dong hoc ciia enzyme FTS thu nhan tur
Aspergillus flavipes (Kus, K, Kinn, Ko, ng, Ken, Vms, Vi, Vi, Kb, Vi) duoc tong hop
trong bang 2. Khi d6 ham muc tiéu E dat gid tri nho nhét 1a 8.322.

Bing 2. Thong sb dong hoc ctia enzyme FTS thu nhén tir Aspergillus flavipes xdc dinh bing
phuong phdp mé phong luyén kim.

Thong 56 dong hoc Pon vi Gid tri

Hing s Michaelis—Menten (chuyén héa) ctia saccharose Ky, g/L 226,5
Hing s6 Michaelis—Menten (chuyén héa) cta kestose Ky g/L 485,5
Hing s6 Michaelis—Menten (chuyén héa) ctia nystose K, g/L 9544
Hing s6 Michaelis—Menten (thuy phan) ciia nystose Koy, g/L 279,6
Hé’mg s6 e ché canh tranh cda glucose (co chét 1a saccharose) Kig, g/l 13,3
Hé’mg s6 tre ché canh tranh cua glucose (co chét 1a kestose) Kigk g/ 500,8
Hé’mg s6 e ché canh tranh cda glucose (co chét 1a nystose) Kj,, g/L 121,6
Téc do chuyén fructosyl t6i da (co chit 1a saccharose) V g/L.h 592,5
Téc do chuyén fructosyl t6i da (co chit 1a kestose) V g/L.h 67,7
Téc do chuyén fructosyl t6i da (co chit 1a nystose) Vi, g/L.h 35,6
Téc do thuy phan tdi da (co chat 12 nystose) V, g/L.h 3,0

Ching t61 cling tién hanh danh gid mirc do tuong thich cia md hinh dong hoc (véi cic gid
tri théng s6 dong hoc enzyme FTS tim dugc trong (bang 3) véi thuc nghiém théng qua hé s6
twong quan R dugc tinh bang cong thic (2).

Duva vao cac sc”'),liéu thyc nghiém trong bang 1 va s6 liéu thu ‘dlI()’C tor viéc gidi h¢ phqong
trinh vi phén (tr 7 dén 12) theo phuong phdp Runge — Kutta v6i nong d¢ saccharose ban dau la
700 g/L, xac dinh dugc hé so twong quan R 12 0,994.

Hinh 1 thé hién sy so sanh gifra s lidu thu duoc tir mod hinh i thuyet (nong d6 cac duong
theo két qua giai hé phuong trinh vi phan - du’orng 1ién nét) va s6 lidu thuc nghiém (cdc diém).

Két qua nay cho thiy cic gia tri thong sd dong hoc enzyme FTS tim dugc bing phwong
phdp md phong luyén kim c6 d¢ twong thich cao so véi thuc nghiém.

4. KET LUAN

Trén co s& 18 thi nghiém khao sit anh hudng cta thoi gian dén ndng do céc chét trong
phan tmg chuyén héa saccharose thanh FOS, chiing t6i da xdc dinh dugc 11 thong s6 dong hoc
clia enzyme FTS bang phuong phdp mo6 phong luyén kim. Day 1a mot hudéng méi cho viée udc
lugng cic thong sd dong hoc ciia enzyme néi riéng va cdc tham sb qua trinh céng nghé néi
chung, thay thé c6 hiéu qua cho phuong phap xdc dinh tryc tiép truyén thdng, gitp giam sb
luong céc thi nghiém, tiét kiém thoi gian va don gian héa qué trinh thyc nghiém.
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2

Nong d (/L)

m 12 14
Thoi gian (gio)

Hinh 1. So sanh gitra m6 hinh dong hoc phan g téng hop FOS
bang enzyme FTS véi thuc nghiém.

Nong d¢ saccharose tinh theo mo hinh #  Nong do saccharose theo thuc nghiém
Nbng d6 glucose tinh theo md hinh m  Nong do glucose theo thyc nghiém
Néng d6 fructose tinh theo md hinh 4+ Nong d¢ fructose theo thuc nghiém
Nong d6 kestose tinh theo mé hinh 4 Nong d¢ kestose theo thuc nghiém
Nong do nystose tinh theo mo hinh © Nong do nystose theo thyc nghiém
Néng d6 fructofuranosyl nystose theo mo hinh o Néng d6 fructofuranosyl nystose theo thuc nghi¢m
Ndng d¢ FOS téng tinh theo mé hinh ¥ Nong d6 FOS tong theo thyc nghiém
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ABSTRACT

DETERMINATION OF KINETIC PARAMETERS OF FRUCTOSYLTRANSFERASE

BY SIMULATED ANNEANING METHOD
Le Thi Hong Anh’, Lu Nhat Vinh

Ho Chi Minh City University of Food Industry,
140 Le Trong Tan Str., Tan Phu Dist., HCMC

"Email: anhlth@cntp.edu.vn

Simulated Anneaning (SA) was invented by S. Kirkpatrich, C. D. Gellatt, M. P. Vecchi in

the year of 1983. This method is based on Metropolis type. SA is an effective tool for solving
problems related to search and optimization, especially those with large dimensional search
problems.

In this article, SA was used to determinate the kinetic parameters of fructosyltransferase.

The method really helped reduce the quantity of experiments, time and cost related to study of
kinetics of fructosyltransferase (FTS), especially in case of multiple substrates.

Keywords: simulated anneaning, FT'S, kinetic, optimization.
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