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TOM TAT

Phrong phap mé ping luyén kim (SA — Simulated Anneanindjroc gidi thiéu mot cach
doc lap boi S. Kirkpatrich, C. D. Gellatt, M. P. Vecchim 1983. Plrong phap naylugc xay
dung dra trén mé pbng kiéu Metropolis Wi cac tham & diéu khién bién thién theo chu trinh
tién héa Ga gii thuat. Pay la mot cong @ hiéu qua dé xir Ii cAc bai toan tim km va 6i uu, dic
biét 1a nhirng bai toan c6 khong gian timéka lon.

Trong bai bao nay, ching taid xac dinh dugc cac théong & dong hoc cia
fructosyltransferase (FTS)ahg phrong phap md péng luyén kim, gidp gim thiéu & thi
nghiém, thoi gian va chi phi khi nghiénit dong hpc phan tng enzymedic biét |a trong trrong
hop phin tng c6 nhéu oo chit.

Tir khda mé ptong luyen kim, FTS,dong hoc, %i wu.

1.PAT VAN PE

M6 phong luyén kim 1a gii thuat Metaheuristic tim Kim dia phrong kha pb bién trong
viéc giai cAc bai toandi vu t6 hop i rac. Tinh ring chinh éa gii thuat 1a cho phép ic thoat
khoi cyc tri dia phrong king cach cho phép di chéry ngroc voi hy vong timduoc 1oi giai toi
wu. Tinh & caidit, kha nang hoi tu va viéc ky thuat nay sr dung cac lrdc di chuyén 10i dé thoat
khoi cuc tri dia phrong da 1am cho né & nén plo bién tir cachday 2 thip ki [1].

Giai thuat luyén kim md pldng qué trinh lugn kim théng tlrong, trongdo tinh th thép
dugc nung néng va saib duoc cho phép lam ngiirat chim cho ti khi né dat duoc ciu hinh
tinh thé cirng nHit, néu qua trinh lam ndhi di cham, két qua cudi cung € la kim laai véi cau
trac rat tot. Giai thuat &p ding cho bai toandt wu t hop vsi mdi 1an lip, ham mc tiéu duoc
xem xét cho 2di giai, 1oi giai hién tai va loi giai moi. Chingduoc so sanh & nhau va 8u 1oi
giai mai tét hon no € ludn ludnduoc chon. Ngroc lai néu ham mac tiéu dia i giai méi khéng
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t6t hon, né \an c6 kh ning dugc chip nhan trong hy wng thoat ra kbi cuc tri dia phrong dé
tim kiém ayc tri todn mc, xac sat chip nhin 1oi giai kém hon tly thc vao tham & nhiét do,
tham $ nay $ giam dan khi cac &n lap tiép dién, khi nhét 4o giam xubng ©i gan 0, qué trinh
nay € it xay ra hon va phan 6 1i giai s3 ¢6 nhéu kha nang hoi tu dén arc tri toan mc mot cach
nhanh chéng [1].

Dé giai quyét cac bai toan tim km va bi uu trong cong nghthuc ptim va céng nghsinh
hoc, phrong phapdugc sr dung nhéu nhit 14 phrong phap ngu nhién. Tuy nhién, pfong phap
nay c6 nhdu han ché nhu A€ roi vao arc tri dia phrong, Hn nhiéu thoi gian vi phi thuc vao qua
trinh ndiu nhién hoéa [2]. @& day c6 nhtu nha khoa bc daung ding phrong phap SA thay cho
phueong ph&p ndu nhién trugn thing [3, 4].

Tai Viét Nam, Bui Céng Thanh va Fsng Tuin Higp [5] da i uu dong thyi cac bén kich
thuéc va \i tuong aia Kt ciu dan pling dra vao gii thuat méd phong luyén kim; D5 Quang
Binh [6] nghién ctru kha nag thiét ké cac mau tai nap nhién lidu t&i uu cho 16 phan tng hat nhan
bang pheong phap md pbng luyén kim; Nguyén Ngoc Ta va Tran Vi Lang [7] két hop giai
thuat di truyén va md pling luyén kim giai bai toan sip hang da trinh ty sinh hoc; Vii Manh
Xuan [8] st dung gii thuat di truyén, chién luoc tién hod va giai thuat mé phong luyén kim dé
giai bai toan ti uu sd.

Thong throng, dé xacdinh cac thongédong e cia enzyme nin K, Ki, Vinay, phii tién
hanh hang lat thi nghém tryc ti€p va sr dung phrong phapdo thi Lineweaver — Burk. Mon
dung duoc cécdé thi Lineweaver — Burk c@o tin cay cao, an thim d(‘),,tim cac ong do
enzyme va cacamg do co chat thich yp, tim thvi gian thich kyp dé xacdinh ¢ d6 bandau cia
phan itng enzyme, @ng nhr anh hrong aia thoi gian trong qua trinh g@im tng [9].

Trong mot 5 truong hop, vi di nhr déi véi fructosyltransferase (FTS) thu drh tir
Aspergillus flavipegang nghién &u, viéc xacdinh 11 thong&dong hoc caa enzyme FTS (K,
K imks Kmn, K,gs, K,gk, KLgn, Vms, Vi Vinns Kmhn, mhrp theo plrong phép nayatt phic tap va khé
khan. Dé giai quyet van dé nay, chiing toié xuit sr dung phrong phap mé pbng luyén kim
nhim xacdinh dong thi 11 théng 6 dong hoc cia enzyme thdng quatdiéu thec nghem thu

dugc trong cac thi nghim theo ddianh hrong aia thyi gian dén qué trinh dng hop
Fructooligosaccharide (FOS).

2. VAT LI EU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu

- Saccharose (Cong ty CP Bourbon Tay Ninlgt Wam).

- Hoa chit: FOS chén (Wako, NHt); saccharose, glucose, fructose, acetonitrileué dé
phéan tich HPLC (Merckpuc).

- Fructosyltransferase ($fi Cong nghip thec phim, Viét Nam).
2.2. Phrong phap nghién @&u

- Xac dinh thanh phn fructose, glucose, saccharose, FOS,(@&F;, GF,) bing phrong
phap 4c ki long cao ap (HPLC).
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- Giai hé phrong trinh vi phan #ng phrong phap Runge — Kutta.
- Giai bai toan éi vu bing phrong phap md péng luyén kim [10].
Procedure Simulated_Anneaning
begin
t <0
U  trgng thai banddu naodo;
T < nhiét dé bandau;
repeat
Vv « trgng thaidwoc chpn nhiu nhién trong 1an én u
if cost(v) > cost(uthenu ~ v
elseu — v Wi xac sut e'";
T 9T t)
t «t+1;
until T du nho
end;

- Banh gia nic do tuong thich éa mo hinhdong hyc d& dé xuat véi thyc nghém thong
qua ¢ s twrong quan Riugc tinh king cong titc (2).

S 3 O-MY) -3 Y (3,0~ y € X )2
R: t=0 i=1 - T t=0 i=1 —
ZZ(yi(t)_M Yi)2

t=0 i=1 2)

trongdo:
. (t) 1a gia ti thuc nghim aia rng do chit (i) tai thoi diém t.

My, 1a gia i trung binh da rdngdé chat (i) trong khaing thyi gian t = 0> ¢

.=
M yI = Z yT N, la % diém do trong khang thyi giant = 0> 1
t=0 t

Y, (t,X ) 1a ndngds chit (i) tinh toanduoc tai thoi diém t bing cach gii hé phuong trinh
vi phan \6i cac Hing $ dong hoc X =X .
3. KET QUA NGHIEN CUU VA BAN LU AN
3.1. Go ché va mé hinhdang hoc phan wng chuyén hoéa saccharose thanh FOSimg FTS

Trong nhing nghién ¢u teéc day, chlng toida dé xuat co ché phin tng chugn héa
saccharose thanh FOSnlg enzyme FTSam 3 phin tng chuygn héa (tr 3 dén 5) va 1 phn tng
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thiay phan nystose GRphin tng 6) va md hinkiong hoc phin tng chugn héa saccharose
thanh FOS ing enzyme FTSubi dang hé pheong trinh vi phan {t 7 dén 12).

2GF - GR + G (3)
2GR - GR + GF 4)
2GR -~ GF, + GR (5)
GF; - GR+F (6)
Vi:

+ [G], [F], [GF], [GR)], [GF4], [GF, la nong do cua glucose, fructose, saccharose,
1-kestose, nystose, fructofuranosyl nystose, témig loy/L.

+ K, Kinks Kinn, Koo 18 HiNg § Michaelis—Menten (chun hoa) @a saccharose, kestose,
nystose vaing $ Michaelis—Menten (thy phan) @a nystose, tinhamg g/L.

+ Kigs: Kigis Kign 12 hing & ¢ ché canh tranh @a glucose §i co chit la saccharose,
kestose, nystose, tinlry g/L.

+ Vs, Vinks Vinn Vinin 12 o€ d0 chuyén fructosyl 6i da i co chit la saccharose, kestose,
nystose vadc d¢ thay phan i da (o chat Ia nystose), tinhamg g/L.h.

+ CAc gia tr 180, 342, 504, 666, 828 la dihlvong phan & cia glucose, saccharose,
1-kestose, nystose va fructofuranosyl nystose.

dGF _ -V, .[GF] L 342 V,..[GF,]

¢t er ek, a+ 8y 259 GR 1k 1+ 18 (7)

Kigs igk
dG _ 180 V,.[GF] ®
dt 2342 g1k a4 LGl
igs

dj - @ thn'[GFB] (9)
dt 666 [GF,]+K,,,
dGE _ 504 V.<[GH _ VlGE] 4004 Vo [GE] +904 Viini[GF] (10)

O BReR e ) BRI PRk, ar ) SO

gs gk gn

dGF, _ 666 . V...[GF,] N V,..-[GF] _ Vo [GE (1D
dt 2504 1GR 14K, @+ L) (BRI +K,, @+ 1) ORI Ko

Kigk Kign
dGF, _ 828 V. [GF]

[G] (12)

\ " PP eRiek,ar

ign

3.2. Khao satanh hwéng aia thoi gian dén qua trinh téng hep FOS king enzyme FTS
Tién hanh kko satanh hréng aia thdi gian dén hieu st tong hyp FOS ling cach thc

hién cac thi nglim chuyn héa FOSy diéu kién ti wu da xacdinh (nhit d6 40°C; pH 5,7;

ndng do saccharose batﬁy 700 g/L; t I¢ enzyme 11,9 U/g saccharose) vai tian phin ung
thaydoi tu 0 den 24 gb. Két gua dugc the hién trong lang 1.
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Tur két qua thuc nghém, chung toi thy trong giaidoan dau (0—6 gb), saccharosduoc
chuy%n héa &t nhanh,ddng thyi san ptim chuyén héa ch yéu la 1-kestose va glucose. Khi
nong do 1- -kestoseang lén, png do cia nystose ing ting do & chuyén nhém fructosyl di
1-kestoseO _giai doan cwi (sau 22 g¥), nbng do nystose h]ng va sauio tang cao lon nong do
1-kestose. Nng do saccharose, glucose va F@®trang thaion dinh sau 11 gi.

Bang 1 Anh hrong aia thyi gian phin tng dén qua trinhdng hyp FOS ling enzyme FTS.

Thoi gian Néng dg (g/L) E')Irfg Srlf;
(gi) GF G F Gh GF; GF, FOS | FOS (%)

o | 70621| 000| 000 000 0,00 0,00 0,00 0,00
2 | 37213 | 7880| 198| 22868 2450 000 25318 3586
4 | 23306 | 116,200 3,16| 306,81 46,10 000 35291 50,03
6 149,01 | 153,32 4,25 334,70 64,49 1,04 40023 56,62
8 104,63 | 164,31 591| 326,12 102,68 2,68 43148 961,
10 | 8366 | 179,02 584 30506 1305 2,88 437,99 961,
11 | 79,10 | 178,34 66| 29579 14094 507 44180 962,
12 | 7768 | 180,000 532| 281,76 14848 10,81 441,15 6562,
13 | 7455 | 181,96) 526| 267,49 161,84 10,90 440,23 7162,
14 | 70,89 | 18323 650 26331 169,11 10,92 44394 0163,
15 | 70,58 | 180,66| 644| 260,16 176,33 10,88 447,37 4563,
16 | 7024 | 178,92 7.56| 247,68 191,08 10,87 44963 6663,
17 | 6569 | 18271 685 21415 2072 2946 451,43 8863,
18 | 6579 | 18658 516| 22858 199,40 21,67 44980 593,
19 | 6536 | 186,37 628 227,61 197,44 2298 44823 4763,
20 | 6495 | 18594 6,38 21630 20884 2249 447,63 5063,
22 | 6428 | 189,99 6,81 20256 216,62 26l 44519 0363,
24 | 6094 | 191,68 9,45| 18946 22836 27,92 44534 9562,

3.3.Dit bai toan téi wu xacdinh cac thong $ dong hoc ciia enzyme FTS

Bai toan éi wu xacdinh cac théng&dong e aia enzyme FTSidmg phrong phap mé
phong luyén kim dugc md & nhr sau:

Hay tim b’ nghlem {Kms, Kmka Kmna KigSl K|gka K|gna VmSa mGa me Kmhm mhn} thich ho'pdé
tong binh pheong dg léch E giga di ligu li thuyét tinh theo mé hinhdgng hec va d# ligu thuc
nghiém la nhé nhit.

Biéu dat toan lc cia bai toandi uu trén c6 dng:
Emin =min E (K’ns, Kmk1 Kmna KigSl Kigky Kigm VmSa mGa me Kmhna thrD
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(13)

V6i mién gioi han Qy =

Kms<K mk<K mn]

trongdé: ham mc tiéu E la éng binh plrong do léch gira dr ligu li thuyét tinh theo mé hinh
dong hpc (gom hé pheong trinh vi phéntt 7 dén 12) va @ li¢u thec nghém (bang 1).

e=33 oty 114

i=1 j=1

Vai: + {a;} 1a ma tién < ligu Ii thuyét (ndng do cacduong sau it khaang thyi gian phin
urng xacdinh) tinh theo mé hinh.

+ {y} 1a ma tran < ligu thec nghém.
3.4. Gii bai toan t6i wu xacdinh cac théng $ déng hoc aia enzyme FTS

Thuat toan mo phing luyén kim:

- Buéc 1:

+ Cmn u Ia ﬁp 11 § n@;u nhlén ﬁong l:l’ng \bl Km& Kmk1 Kmna KigSl Kigk1 Kigm Vms mG;
anv Kmhn, thn

+ Giai hé phrong trinh vi phan ing phrong phap Runge-Kuttaib 4
+ Tinh gi& tf caa ham mc tiéu E tir cong thirc (14)
+ Cho t=1000000
- Buéc 2:
+ Chonvlatip 11 $ ngau nhién trong lanam cia u trong ang Wi Kns Kmie K Kigs,
Kigks Kigny Vins Vinks Vimn, Kmhn Vinhn
+ Giai hé pheong trinh vi phan ing phrong phap Runge-Kuttaib 4.
+ Tinh gia tf caia ham mc tiéu E & céng thirc (14)
Néu E<E
Gan u=v
Gan EEE
Nguoc lai
Neu RANDOM(0,1)<exp(-((E-B)/t))
Gan u=v
Gan EE
Cwi néu
Cudi néu
+ Thaydéi t;=t*0.9
- Bude 3: Lap lai buée 2 réu t>0.000001.
Nghiém aia bai toan &i «u 1a tip u (c6 E nk nhat)
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Nghiém t5i uu cia bai toan cho Bi cac théng & dong hoc cia enzyme FTS thu ah tr
ASpergl”US ﬂavlpeiKms, Kmk, Kmn, Kgs, ng, Kgn, Vms, mG, an, Kmhn, thn) dU.’OC tong hfp
trong king 2. Khidé ham mc tiéu Edat gia ti nho nhit 1& 8.322.

Bdng 2 Thong $ dong hoc cia enzyme FTS thu #h tir Aspergillus flavipesacdinh king
phuong phap md pdng luyén kim.

Théng 8 dong hoc Pon i Gia ti
Hing $ Michaelis—Menten (chén héa) éa saccharose g/L 226,5
Hing $ Michaelis—Menten (chn héa) da kestose K g/L 485,5
Hing $ Michaelis—Menten (chdn héa) éa nystose K, g/L 954,4
Hing $ Michaelis—Menten (thy phan) @a nystose Knn g/L 279,6
Hang $ uc cté canh tranh @a glucose (¢ chit 1a saccharose);i g/L 13,3
Hang $ uc cté canh tranh éa glucose (e chét Ia kestose) I g/L 500,8
Hang $ uc cté canh tranh @a glucose (¢ chit 1a nystose) K, g/L 121,6
Téc do chuyén fructosyl i da (a chit la saccharose) M g/L.h 592,5
Téc do chuyén fructosyl i da (e chit 1a kestose) Wi g/L.h 67,7
Téc do chuyén fructosyl i da (@ chit la nystose) W, g/L.h 35,6
Tbc @6 thay phan &i da (e chét 1a nystose) Wan g/L.h 3,0

Chung t6i éng tién hanhdanh gia nic do trong thich @éa mé hinhdong hoc (Vi cac gia
tri théng $ dong hc enzyme FTS tindugc trong (ling 3) wi thuc nghém thong qua fsH
trong quan Riugc tinh king céng tiic (2).

Dya vao cac&li¢u thrc nghtm trong ling 1 va 6 ligu thuduoc tir viéc giai hé phuong
trinh vi phan (& 7 den 12) theo phong phap Runge — Kuttasivnong do saccharose batiu la
700 g/L, xaatinhdugc hé s twong quan R la 0,994.

Hinh 1 tfé hién ar so sanh gia $ liéu thuduoc tir mé hinh Ii thugt (nong do cacduong
theo Kt qua giai hé phaong trinh vi phén éduong lien nét) va é liéu thuec nghém (cacdiém).

Két qua nay cho thy cac gia tr thong $ dong e enzyme FTS tindugc bing phrong
phap mé phng luyén kim c6 do6 teong thich cao sodi thuc nghém.

4. KET LUAN

Trén @ sv 18 thi nghém khao satanh hrong aia thvi gian dén nong do cac chit trong
phan tng chuygn héa saccharose thanh FOS, chingl@dkacdinh dugc 11 théng & dong hoc
cia enzyme FTSamg phrong phap md pbng luyén kim. Day 1a ndt huéng msi cho viéc woc
lwong cac théng &dong e cia enzyme noi riéng va cac tham gua trinh cdng nghnoi
chung, thay th c6 hiu qua cho phrong phap xaalinh trrc tiép truyén thong, gidp gim &
lwong céac thi ngldim, tiét kiem thoi gian vadon gian hdéa qua trinh trc nghim.
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BI:“:I T T T T T T T

Nong dé (g/L)

m 12 14

15
Thai gian (gio)

Hinh 1 So sanh gia m6 hinhiong hoc phan ting ©ng hyp FOS
bang enzyme FTSai thuc nghém.

=== Nongdd saccharose tinh theo mé hinh
=== Nongdo glucose tinh theo mé hinh

==== Nbngdo fructose tinh theo mé hinh

=== Nbngdo kestose tinh theo mé hinh

ittt Nongdo nystose tinh theo mé hinh

rret Nngdo fructofuranosyl nystose theo mé hinh
"ttt Ndngdo FOS bng tinh theo mé hinh

[ ]

&0 0 A ¢om

Nongdo saccharose theoub nghém

Nongdo glucose theo it nghiém

Nongdd fructose theo tic nghém

Nong do kestose theo tit nghiém

Nongdo nystose theo tit nghém

Nong d fructofuranosyl nystose theouth nghim
Nongdd FOS bng theo tirc nghém
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ABSTRACT

DETERMINATION OF KINETIC PARAMETERS OF FRUCTOSYLTRASFERASE

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. Kirkat C. D. Gellatt, M. P. Vecchi in

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

In this article, SA was used to determinate theetktnparameters of fructosyltransferase.

The method really helped reduce the quantity ofeérments, time and cost related to study of
kinetics of fructosyltransferase (FTS), especiallgase of multiple substrates.

Keywords simulated anneaning, FTS, kinetic, optimization.
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