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KHAO SAT MOT SO ACID AMIN BANG PHUONG PHAP QUANG PHO
DAO PONG VA TINH TOAN LUQGNG TU AB INITIO

Tran Quang Hinh, Nguyén Vin Pé&n
Trudng Pai hoc Khoa hoc Ty Nhién-Pai hoc Quéc gia TP H5 Chi Minh
(Bai nhédn ngay 25 thdng 8 ndm 2003)

TOM TAT: Acid amin 1& nhitng don vi co bdn ciia protein, viéc nhdn biét cdc
acid amin ¢6 trong cdc sdn phdm néng nghiép, thic phdm,... la viéc rdt cdn thiét trong
cudc soéng ciia con nguoi.

Trude day va hién nay, cdc phuong phdp nghién ciu xdc dinh cdc hgp chdt
acid amin, théng dung la cdc phuong phdp dién di, sdc ky, nhiéu xa tia X,...

Trong linh vuc sinh-hod ndi chung, viée xdc dinh cdc acid amin vdi nhitng
phutong phdp dd va dang sit dung thi mdt nhiéu céng sitc va thoi gian. Trong khi vdi
phuwong phdp vit ly-quang phd dao dong, trén hé thiét bi FTIR Raman kém theo phu
kién ghi phd phdn xa khuéch tdn (DR) thi vigc xdc dinh nd rdt nhanh, khéng phd huy
méu va twong ddi chinh xdc. Vi tinh todn lugng tit Ab Initio thong qua by phan mém
Gaussian 98 sé gilip cho viéc nhdn biét cdc dao djng co bdn trong phé dao dong cia
acid amin ta khdo sdt dugc nhanh chéng hon.

1-MG PAU:

Trong cudc sdng clia con ngu’dl nhitng hgp chit sinh hoc nhi acid amin, protein 1a
nhitng chit ma c¢¢ thé con ngudi r&t cAn thi&t. Acid amin 12 mot don vi cd bdn dé tao nén
nhitng protein thong qua nhitng lién k&t peptide, lién k&t S-S, lién két hydro ... khdo sét
acid amin biang cdc phudng phép phd dao dong nhu : quang phd hdng ngoai (IR), quang phd
phan xa khuéch tén (Diffuse Reflectance-DR), quang phd Raman 14 rit thuan 1gi, do viéce
chudn bi miu khd don gidn (nhit 12 Raman, DR),viéc dinh tinh nhanh chéng, chinh xéc. Vi
cdc phuong phdp sinh hod dé va dang st dung nhut dién di, sic ky,... cong viéc chuéin bi miu
rdt phifc tap va tdn kém.

Trong bai bdo nay chiing t6i nghién ciu mot s6 acid amin d& 1am co s& nghién ciu
cdc polypeptide, protein va nhitng hgp chit sinh hoc khéc nhim Wng dung phuong phdp vit
1y gitip cho cdc nha nghién cifu sinh hod va cong nghé sinh hoc dg ton c¢dng sic hon trong
qui trinh nghién cu cdc hgp chit sinh hoc lién quan dén cdc hgp chdt nay.

II-PHUONG PHAP NGHIEN CUU :

Trong bai bdo nay ching t8i ding phudng phdp quang phd phén xa khu€ch tin héng
ngoai bi€n déi Fourier (DRIFT)

Hé s6 phin xa khuyét tdn Re, cia mot miu di dudc 1am lodng c6 bé day vo han (tifc

12 nhitng miu ma ting d§ day khong lam thay ddi miu déng ké) quan hé tuyén tinh véi
ndng do ¢ ciia miu, duge cho bdi phuong trinh Kubelka- Munk(K-M) :

(1-R,) 2.303ac
F(R, )=

2R S

Trang 96



TAP CHi PHAT TRIEN KHCN, TAP 6, SO 9810/2003

Trong d6 a 12 d hdp thu va s 12 hé s6 phdn xg. Do hé s8 phdn xa phu thudc ci vao
kich thudc hat va do x&p chit cda miu nén d6 tuyén tinh cia ham K-M chi duge ddm bdo
khi kich thudc hat va do x&p chit cia miu kiém sodt dugc mot cdch nghiém ngdt. N&u dicu
kién nay dudc thod man thi phudng phap phdn xa khuéch tén c6 thé sit dung cho phén tich
dinh lugng mdt cdch chinh xdc.

Vi phdn xa khuéch tdn 1a mot k§ thuat rat nhay, cho nén tat cd cdc phu ting cho k§
thudt nay déu cho phép lam méu vdi lugng rat bé (microsampling).

HI-GIGT THIEU BOI TUONG NGHIEN CUU :

D3&i tugng ma chiing 161 nghién cifu 1a cdc axit amin, Céc axit amin 12 nhitng chat hitu
¢d ddng thdi c6 mang hai nhém chifc: amin — NH, mang tinh kiém va cacboxyl -~ COOH
mang tinh axit. Cdc axit amin c6 cdng thifc chung nhu sau (hinh 1):

H

I
I

R
Hinh 1. Cdng thifc phén tf clia cdc axit amin
Trong bai bdo nay chiing toi khdo sdt cdc acid amin :

H, N

COOH

> Tyrosine (Tyr), gbc R vong thom, thudc nhém act amin ky nudc. (hinh 3)
> Lysine(Lys), goc R tich dién, acit amin mach thdng.(hinh 4)
> Histidine((His), g&c R tich dién, acit amin di vong..(hinh 5)

IV-TINH TOAN LUGNG TU AB-INITIO ;
Dudi dy 1 két qua tinh todn Ab Initio cho cdc phan tf khdo sdt. Tat cd déu dudc tinh todn vdi
mifc 1y thuy&t HF va hé ham cd 3 6-31G* trén bd phdn phdn mém Gaussian 98.

Hinh 3. Cong thdc cau tao Tyrosine Hinh 4. Céng thifc ciu tao cia Lysine

Hinh 5. Cong thifc ciu tao Histidine
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Bang 1. K&t qua tinh todn Ab Initio cho phan tf Tyrosine .

Mode |v (cm-1) Iz Ir Mode |v (cm-1) IR Ir

1 34 ¢\ 5.35 34 1062 1.53 9.43
2 46 1.14 2.23 35 1068 21.1 2.61
3 75 4.37 1.9 36 | 1105 105.3 2.01
4 80 0.96 0.98 37 1155 138.2 2.74
5 157 0.44 0.34 38 1162 60.6 3.76
6 223 0.76 1.01 39 1178 1456 | 11.216
7 263 48.3 1.08 40 1181 58.4 3.43
8 271 512 1.39 41 1213 43.8 8.3
9 286 143.3 1.81 42 1240 31.9 4.78
10 315 2.04 1.6 43 1255 125.7 6.28
11 324 18.01 1:12 44 1289 1337 4.01
12 343 1.1 4.5 45 1305 22.52 2.01
13 409 9.07 0.12 46 1327 36.28 0.97
14 416 1.58 0.06 47 1370 7.69 9.96
15 482 8.56 131 48 1428 20.79 2.2
16 504 35.9 1.77 49 1437 444 2.44
17 550 61.4 1.68 50 1457 9.47 11.05
18 566 16.7 1.69 51 1516 120.5 0.49
19 595 64.3 2.49 52 1601 24.86 5.78
20 629 0.39 5.89 53 1630 60.8 38.22
21 705 5.65 0.99 54 1638 43.1 592
22 742 51.2 4.36 55 1821 312.86 3.6
23 737 12.25 3.28 56 2832 44.16 55.8
24 786 111.3 3.67 57 2865 372 81.35
25 821 24.9 25.1 58 2939 12.09 42.8
26 823 12.3 6.92 59 2984 38.74 46.02
27 843 54 .4 1.49 60 2987 7.84 108.6
28 883 66.2 2.69 61 3028 12.74 101.7
29 942 117 1.58 62 3035 3.6 91.8
30 960 10.3 1.69 63 3339 2.8 111.5
3l 975 1.27 g.21 64 3416 3.83 76.1
32 993 2.96 0.62 65 3619 122.3 93.9
33 1000 25.2 0.23 66 3676 88.3 92.4

e IR :cudng do tuong d6i cia phd hdng ngoai
o Ir:cudng dd cia phd Raman (a.u).
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Bang 2. K&t qud tinh todn Ab Initio cho phén t Lysine

Mode |v (cm-1) Ir Ir Mode |v(cm-1) IR Ir
i 45 3.69 0.88 34 1205 4.57 832
2 68 2.62 0.18 35 1224 78.7 4.7
2 61 3.96 0.39 36 1252 3.7 2.8
4 92 0.4 0.13 37 1280 0.009 3.6
5 125 0.94 0.06 38 1300 0.38 33.3
6 143 1.58 0.75 39 1305 1.68 0.61
7 196 0.87 0.87 40 1321 1.31 2.42
8 246 26.7 0.85 41 1343 56.5 0.48
9 253 38.7 1.37 42 1367 13.5 1.74
10 260 43.5 1.72 43 1399 35.3 2.49
11 280 18.1 0.52 44 1402 2.83 0.79
12 302 0.31 4.86 45 1420 13.52 0.94
13 386 3.3 1.22 46 1461 2.43 7.65
14 486 22.7 0.32 47 1462 0.52 23.2
15 535 11.35 1.14 48 1474 1.84 4.43
16 563 61.5 1.92 49 1491 1.13 7.8
17 590 71.5 227 50 1638 59 5.68
18 709 9.44 0.17 51 1641 34.2 7.62
19 748 11.3 295 52 1810 392.9 5.83
20 778 87.06 2.91 53 2798 82.9 73.1
21 797 77.5 135 54 2842 5.59 68.1
22 850 120.1 3.09 55 2845 1.48 46.7
23 894 - 78.6 1.27 56 2850 99.5 18.3
24 927 19.8 1.95 57 2855 21.2 161.1
25 935 38.6 4.23 58 2875 12.4 104.1
26 971 6.36 1.95 59 2882 38.56 25.5
27 1005 Til3 9.02 60 2902 96.05 274
28 1015 171 8.2 61 2922 48.6 24.8
29 1047 22.5 12.6 62 3325 8.81 114.8
30 1059 5.9 59 63 3332 2.01 108.6
31 1083 86 4.01 64 3399 0.13 89.3
32 1113 11.07 8.92 65 3409 2.68 73.1
33 1200 70.6 0.96 66 3619 118.5 86.7

e Ir : cudng d6 tuong doi cda phd hdng ngoai
¢ Ir :cudng dd cia phd Raman (a.u).
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Bang 3 : K&t qud tinh todn Ab Initio cho phan t¥ Histidine

Mode |v (cm-1) IR Ir Mode |v{(cm-1) Lir Ir

1 36 1.78 1.53 28 1091 25.2 5.7
2 65 3.73 3.37 29 1107 4.49 9.9
3 99 2.18 1.7 30 1143 1.68 433
4 121 2.12 0.92 31 1177 25.5 2.12
5 209 4.52 0.8 32 1202 67.6 2.35
6 269 8.9 2.17 33 1223 4.36 15.72
7 283 6.87 1.64 34 1265 0.41 8.57
8 298 69.9 0.73 35 1296 | 23.84 | 0.86
9 360 5.68 1.09 36 1343 | 11.84 | 5.97
10 390 1.08 2.16 37 1366 | 17.07 | 18.13
11 532 31.62 2.9 38 1368 9.05 7.9
12 542 90.79 1.39 39 1379 | 57.17 | 2.99
13 573 57 1.83 40 1416 40.3 13.66
14 597 82.03 | 5.06 41 1449 | 1132 | 9.62
15 636 95.18 17 42 1495 29.4 35.8
16 667 5.77 0.83 43 1596 | 1672 | 15.72
17 709 59.4 1.05 44 1639 | 50.52 6.2
18 732 23.1 10.62 45 1788 | 324.5 3.8
19 834 45.4 1.32 46 2863 | 21.66 93
20 860 85.6 1.3 47 2897 | 31.58 | 113.39
21 863 47.83 0.8 48 2940 | 1142 | 60.02
22 878 1.58 132 49 3069 | 13.23 | 49.6
23 893 41.7 6.23 50 3075 414 | 116.34
24 908 7.76 3.8 51 3346 | 436 | 80.13
25 967 1176 | 1.94 52 3429 | 11.19 | 50.83
26 1001 | 35.88 | 6.37 53 3482 | 1354 | 39.19
27 1080 | 3895 | 239 54 3616 | 130.1 89.7

e Ir:cudng dp tuong d6i ciia phd hong ngoai
e Ir :cudng d6 cia phé Raman (a.u).

V-THUC NGHIEM :

1.Mé td thiét bi

Phd phdn xa khuy&ch tdn (DR) ciia phan t dugc do bing quang phd k&€ EQUINOX
55-FT IR RAMAN dudc ndi k&t v&i bd phdn phdn xa khuy&ch tin (EASI DIFF), tai phong
phan tich trung tim trudng DPHKHTN Tp.H6 Chi Minh. Ngudn sdng hdng ngoai 1a d&n day
té¢c Tungsten. Detector dung dé sit dung trong thi&t bi 12 loai DTGS.
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2.Phitong phdp ghi pho

Quang phd k& dudc diéu khién biing mdy vi tinh v6i sy trg gidp clia cic chuong trinh
da dugc 1ap trinh s&n trén mdy, qua phan mém OPUS version 3.0. Sau khi mau dugc dit vao
gid dd rdi dua vao mdy, phd clia miu khéo st duge hi€n thi 1én mang hinh vi tinh. Mot thiét
bi ngoai vi gin lién v6i phd k& cho phép diéu khién vi tri cia miu sao cho dinh phd cia miu
t6i wu nhat.
3.Chudn bj méu

Ba miu dang khdo sit déu 1a nhitng mau dang bdt, mdi miu chay phd dugce chia
trong dung cu goi la bd ly (cups).

+ Ly 16n ¢é dudng kinh 10mm, sdu 2.3 mm.

+ Ly bé c6 dudng kinh 4.7 mmva sdu 1.6 mm.

Trudc khi chay mau ta phai chay miu nén biing chdt KBr (chay nén bing ly nio thi
mau ciing chay nén biing ly do).

MaAu dugc tron véi KBr véi ti 1& khodng 5-10% 12 miu nguyén chat va con lai 1a 90-
90%KBr. Ta dua tat c& vao cdi d€ nghién ndt miu d€ tranh gy ra sy phdn xa guong tao nén
cdc ddi ngugc .

M3u dudc dua vao gid dd, ly dung KBr phdi dua vao bén trong va ly dung miu khdo
st dé€ bén ngoai.

P6i véi viec ghi phd biing phudng phdp quang phd Raman thi khong cén phdi chudn
bi mau nhu rén.

4. K&t qua ghi phé

Diéu kién dé chay phd 1a: P6 phin gidi 4cm-1, s6 1an quét 100(scan), viing quan sat

250-4000cm-1 . Sau day 12 k&t qua ghi phd phén xa khuéch tdn clia cdc mau khdo sét :
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Dudi ddy 12 bdng so sdnh két qlia thyc nghiém va tinh todn hda hoc Ab Initio véi hé ham cd s& 6-
31G* (bang 4). Chii ¥ k&t qui da nhan vdi 0.8929 dé bi sai s& hé théng [1].

Bdng 4 : Két qua thic nghi¢m va tinh todn héa hoc ligng tit Ab Initio mét 6" dao dong dic
tritng (*) ciia 03 acid amin

Phéan ta ‘Dao dong | 3-61G* (cm-1) Thue Chénh léch
nghiém (cm-1)
(cm-1)
Tyrosine v(N — H) 3329 (mode 63) 3205 124
v(C=0) | 1815 (mode 55) 1610 205
8(N - H) 1437 (mode 49) 1417 15
Lysine v(N-H) | 3325 (mode 62) 2957 368
v(C=0) | 1810 (mode 52) 1626 184
d(N—-H) | 1420 (mode 45) 1422 2
Histidine v(N—-H) | 3346 (mode 50) 3107 239
viC=0) 1788 (mode 45) 1607 181
S(N - H) 1416 (mode 40) 1416 0

(*) Tham khéo : [3;[4L[5L[615[7]

* Nhén xét:

+ 86 séng dao dong héa tri cia nhém Cacbonyl C=0:Trong cdc axit amin phin cuc
,nhém R tich dién gdm c6 phén ti¥ Lysine va Histidine. Phin tf Lysine c6 s& séng nhd hon
phén tf Histidine, ta dy dodn 14 vi phan ti¥ Histidine chiu 4nh hudng cla di vong nén c6 s&
s6ng 16n hon phan ti Lysine.

+ Dao dong hod tri cda nhém C=0 c6 d6 hdp thu IR manh, cudng d6 Raman yéu.
Ngudc lai, dao dong ho4 tri N-H c¢6 dd hap thu IR y&u, cudng d6 Raman manh.

+ So6 séng dao dong hoa tri va dao dong bién dang ctia nhém N-H:

Tuy theo céu hinh clia mbi phén ti ma s8 s6ng dao dong héa tri va dao dong bién dang cia
nhém N-H 18n hay nhd.

+ Tit nhitng tinh todn Gaussian va thyc nghiém ta nhin thay ring s& séng clia dao
ddng hod tri (C=0) va dao ddng hod tri (N-H) trong tinh todn 16n hon trong thyc nghiém khd
nhiéu, diu nay c6 thé gidi thich 12 : trong acid amin cé lién k&t hydro, & diy 1 lién két
hydro ndi phan tif (intramolecular). Vi khi tinh todn lugng t¥ 12 chi tinh trong diéu kién véi
m6t phén ti ¢6 14p trong chan khong[1]. Con trong thuc nghiém, miu 12 mot acid amin dang
mudi (b6t), va nhu di trinh bay & phin gidi thiéu d6i tugng nghién ctu (III) & trén, cdc acid
amin déu c6 chung hai nhém —~NH, vd ~COOH , 12 c4c nhém donor-aceptor , phan cyc manh
nén d& dang tao lién k&t hydro tit yéu dén trung binh, 4nh hudng dén tan s6 dao dong ho4 tri
kh4 16n, con tin s& dao dong bi€n dang thi 4nh hudng rit it.[2]

Pé ¢6 thé tim hiéu thém vé cdc mode dao dong chinh, va cdc tuong tdc phan tif trong mot
acit amin, chiing t6i khdo sat thic nghiém acid amin Tyrosine bing cdc phu’dng phdp quang
pho hong ngoai (IR), Raman (R), phdn xa khuéch tdn (DR) nhu sau:
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Phd (R) mo phéng ciia Tyrosine 1a dya trén céc két qua tinh todn lugng tif qua phin mém
Gaussian 98, sit dung chuong trinh m6 phdng phd dugc 1ap wén phan mém MATLAB 5.2.

Nhén xét:

*

% Hai phd hdng ngoai va phd phdn xa khuéch tdn ciia Tyrosine déu giéng hét nhau
(néu dio ngudc phd hdng ngoai thi thanh phd phdn xa khuéch tén).

¢ Phd Raman thuc nghiém va phd Raman mé phéng kha giéng nhau nhung § phd thuc
nghiém, dinh 1614 cm-1 12 dic trung cho dao dong hod tri nhém C=0. Con & ph6 md
phdng, dinh 1826 cm-1 la dic trung cho nhém C=O0, sy chénh 1éch nay 1a do miu
thyc nghiém d thé hién c6 lién két hydro ndi phén tf (nhu gidi thich & phin trén), vé
ti 1& cudng do thap hon nhiéu so véi phé hong ngoai.

VIKET LUAN:

V6i phuong phap phd dao dong : quang phd phén xa khuéch tén (DR), héng ngoai (
IR) v Raman dé khdo sdt acid amin rat thudn 1di, nhanh chéng, cdc phuong phdp nay hoan

Trang 10



Science & Technology Development, Vol. 8, No. 9&10-2003

toan ¢6 thé hd trg cho nhau, ddng thdi n€u két hop véi tinh todn lugng tit Ab Initio thong qua
bo phan mém Gaussian 98 s& xdc dinh cdc dao dong dic trung clia phd phan ti cda cc hop
chdt sinh hoc nay nhanh chéng, du dodn ciu tric phan tif cia acid amin v6i d6 chinh x4c cao
han.

Qua nghién cifu ndy ching t6i s& sif dung 1am cd s& d€ nghién ciu ti€p theo cic
polypeptide, enzym, protein 1a nhitng dai phan tf, ddng thdi 1a nhitng hdp chat sinh hoc rat
can thi€t trong cudc song.

THE EXAMINATION SOME AMINO ACIDS BY THE VIBRATIONAL
SPECTRA AND QUANTUM COMPUTATION METHODS (AB INITIO)

Tran Quang Hinh, Nguyen van Den
University of Natural Sciences ~VNU-HCM

ABSTRACT: Amino acids is basic structure compcrent of protein, a determination
amino acids in some agricultural product, food,... is necessary for life.

Previously and now, these following methods research amino acids are
Electrophoresis, Chromatographic, X-ray diffraction. In the chemical biology, these
methods of examination of amino acids are complex labors, spend a lot of time. With
physical methods- vibrational spectra - by FTIR-Raman spectroscopy and Diffuse
Reflectance Accessory (Easi DiFF) are quickly and none destroy sample, accuracy.

With quantum computation method (Ab Initio) is helpful determination mode vibration
of spectra of samples.
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