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N z ri konformasiya analizi üsulu il Tyr1-Pro2-Tyr3-Tyr4 kazoksin B molekulunun
f m l g tir

t azoksin B molekulunun f nm k üçün sistemin 
potensial enerjisi qeyri- sir enerjil rinin v hidrogen 
rabit si enerjisinin c klind azoksin B molekulunun stab

tl
sir enerjil ri mü yy
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Hesablama metodu
Tyr1-Pro2-Tyr3-Tyr4  kazoksin B

80 atomdan v tdir. Kazoksin B moleku-
lunun f nm k üçün sistemin potensial enerjisi qeyri-valent, 

sir enerjil rinin v hidrogen rabit si enerjisinin 
c klind - sir enerjisi Lennard-Cons 
po Momani v rl -

öyr t -
sir ener-

jisini h rin qiy-
m tl tl ri v valent rabit l -
mani v qal sind

l ri v qiym tl ri beyn
N z tic l rini t hlil 

etm k üçün h etm k
üçün Xn

ij sind n istifad edilir, burada X- sas z nci-
- nci yerd

ncirinin 
v ziyy 1 2 3) xarakteriz edir. 1-
qiym tinin 0º- -indeksi 120º- - -indeksi -
120º- sas z ncirinin 
R- -nin qiym tl ri -180º-0º inter-

- -nin qiym ti -180º- -nin qiym ti 0º-
- -nin qiym tl ri 0º- -

oblast -nin qiym ti 0º- -nin qiym ti -180º-0º interva-
sas z nciri-

tl yünü
mü yy n edir.

Molekulun sas z nciri e v
i-C i+1-C i+2-C i+3 virtual rabit l -

lir. f-
R-R, R-B, B-L, L-L, B-P, L-P, P-R, R- - B-B, B-R, L-
B, L-P, R-L, R-P, P-L, P- m l g tirir.

tic l ri v si
Tyr1-Pro2-Tyr3-Tyr4 kazoksin B molekulunun f m -

l g tir sa
-
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sind vv l g l-
dikd onlar üçün sas z kenerjili 
olur. Ona gör d kazoksin B molekulunun f lamaq üçün 

kd sas z ncirin R for-
b bd n d molekulun f za

nm ncirin eee, eef, efe v
rinin sas z ncirl rinin s

Kazoksin B molekulunun f nilm si göst rir ki, sas 
z rin gör diferensiasiya ge-

nin nisbi ener-
jisi 5.0 kkal/mol- min konformasiyalar, onlara qeyri-va-

sir enerjil rinin verdikl ri pay, ümumi v
nisbi enerjil ri c dv l 1-d göst dv l 1-d n göründüyü kimi, qey-
ri- sir enerjisinin ümumi enerjiy verdiy pay (-14.4) – (-10.0) 

sir enerjisinin verdiyi pay (-2.2) –(1.0) 
sir enerjisinin verdiyi pay (1.3) - (2.9) kkal/mol 

in

C dv l 1
Kazoksin B
qeyri- sir enerjil rinin 

verdikl ri pay, ümumi v nisbi enerjil ri
Konformasiya Uqv Uel Utor Uüm Unis

1
2
3
4
5
6

Eff B3 R R2 R3
B3 R R1 R2

B3 R R3 R3
B3 R R3 R2
B3 R R2 R2
B3 R R3 R1

-14.4
-13.3
-12.9
-11.5
-10.6
-10.0

-2.0
-2.0
-2.2
-2.2
-2.1
-1.5

1.8
1.6
1.6
1.4
1.5
1.3

-14.6
-13.7
-13.5
-12.2
-11.2
-10.2

0
0.9
1.1
1.3
3.4
4.4

7
8
9

10
11

Efe B3 R B1 B3
B3 R B3 B3
B3 R B1 B2
B3 R B2 B3
B3 R B1 B1

-13.5
-11.9
-12.7
-11.8
-11.9

-0.4
-0.5
-0.4
-0.4
-0.5

2.8
1.8
2.9
2.0
2.6

-11.1
-10.6
-10.3
-10.2
-9.9

3.5
4.0
4.3
4.4
4.7

12
13

Eef B2 B R1 R1
B1 B R2 R3

-14.1
-12.4

1.0
0.7

2.4
1.8

-10.7
-9.8

3.9
4.8

14
15

Eee B1 B B1 B3
B1 B B2 B3

-12.5
-12.3

0.4
0.7

1.8
1.8

-10.3
-9.8

4.3
4.8

Kazoksin B molekulunun h masi-
ya v sir enerjil ri 
c dv l 2-d , nd si parametrl ri is c dv l 3-d , h min konformasiya-
larda atomlar n f zada yerl si is kil 1-d göst

0 - 5.0 kkal/mol
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ördünün nisbi enerjisi 1.3 kkal/mol-dan 
kiçikdir. Kazoksin B molekulunun 3 R
R2 R3 -valent v elektrostatik  qa -

sir enerjil rin gör - sir enerjisinin  
verdiyi pay is n çoxdur (c dv sin Tyr1-in 
dig sir enerjisi (-16.4) kkal/mol, Tyr3-Tyr4 
ami sir enerjisi (-4.7) kkal/mol pay verir 
(c dv -H atomu il Tyr4 

dv l 1-d
göst ril – 4.7 kkal/mol 

kkal/mol olan B3 R B1 B3 -dir. Bu konformasiyada qeyri- sir 
enerjisinin ümumi enerjiy verdiyi pay t n
(0.9) kkal/mol q d sir enerjisinin verdiyi pay (1.6) 
kkal/mol q d sir enerjisinin verdiyi pay (1.0) kkal/mol 
q d n stabill sin Tyr1-in dig
il sir enerjisi (-16.1) kkal/mol, Pro2-nin Tyr3- -

sir enerjisi (-2.5) kkal/mol, Tyr3-
sir enerjisi (-2.0) kkal/mol pay verir (c dv -

pi -dan kiçikdir. 
pin 2 B R1 R1-dir, onun nisbi enerjisi 3.9 

kkal/mol-dur. Bu konformasiya qeyri- sir gör bal 
konformasiyadan 0.3 kkal/mol q d sir  
enerjisin gör n dv l 1). Konformasiyan n stabill sin
Tyr1-in dig sir enerjisi (-10.6) kkal/mol, 
Pro2-nin Tyr3-Tyr4 sir enerjisi (-5.2) 
kkal/mol, Tyr3- sir enerjisi        
(-3.7) kkal/mol pay verir (c dv
nisbi enerjisi (5.0) kkal/mol-dan 1 B
R1 R3–dür, onun nisbi enerjisi 4.3 kkal/mol- - v

sir enerjil
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C dv l 2
Kazoksin B 3 R R2 R3 (Unis=0 kkal/mol,1-ci 

s tr), B3 R B1 B3 (Unis=3.5 kkal/mol, 2-ci s tr), B2 B R1 R1 (Unis=3.9
kkal/mol, 3-cü s tr), B1 B B1 B3 (Unis=4.3 kkal/mol, 4-cü s tr) 

v sir enerjil ri
Tyr1 Pro2 Tyr3 Tyr4
3.0
2.9
1.9
1.7

-3.8
-3.9
-5.3
-4.9

-2.1
-8.6
-1.6
-4.6

-10.5
-3.6
-3.6
-2.4

Tyr1

0.2
0.2
0.4
0.7

-0.5
-1.5
-0.3
-0.2

-0.7
-1.0
-4.9
-2.8

Pro2

0.9
1.8
1.4
1.4

-4.7
-2.0
-3.7
-2.4

Tyr3

1.8
1.7
2.5
1.3

Tyr4

C dv l 3
Kazoksin B nd si 

parametrl ri
B3 R R2 R3 B3 R B1 B3 B2 B R1 R1 B1 B B1 B3

Tyr1 -81  156  176
-70  103      0

-82  145  169
-77  112      0

-66  124  178
177   76      0

-69  159  173
66    90      0

Pro2 -60 -42  180 -60 -41  177           -60 142  179 -60   97   180

Tyr3 -85  -55   -176 -
173  94        0

-86 142 -179 
63   83      0

-61 -36   176
65    83      0

-95  149    180
67    84       0

Tyr4 -89 -62 -
-57   94      0

-94  140    -
-60    91    0

-80 -32 -
60    81      0

-133 140    -
-57    91     0

Unis 0 3.5 3.9 4.3
Qeyd ,...,,,, 21 χχωψφ
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a)    B3 R R2 R3

b)   B3 R B1 B3
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c)      B2 B R1 R1

d)     B1 B B1 B3

k. 1. Kazoksin B

Kazoksin B molekulunun f nilm si göst rir ki, mo-
lekul el f olur ki, o müxt
yerin yetir bil r v müxt laq y gir bil r. Ka-
zoksin B molekulunun f nilm sind tic l r ka-
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THEORETICAL CONFORMATIONAL ANALYSIS
CASOXIN B MOLECULES

SUMMARY

By the method of theoretical conformational analysis, the spatial structure of the 
casoxin B- Tyr1-Pro2-Tyr3-Tyr4 molecule was investigated. The potential function of the 
system is chosen as the sum of non-valent, electrostatic and torsion interactions and the energy 
of hydrogen bonds. Low-energy conformations of the molecule, values of dihedral angles of 
the main and side chains of amino acid residues included in the molecule were found, the 
energy of intra- and interstate interactions was estimated. It has been shown that the three-
dimensional structure of this molecule can be represented by 15 low-energy conformations 
falling within the energy range of 0-5.0 kcal/mol.

Keywords: exorphine, casoxin, opioid, structure, conformation
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