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Study of protein interaction based on the triplets combination
pairs of the residue groups
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Abstract: The protein-protein interactions play an important role in life science. At present, many methods
are developed with preferences of the amino acid residues, which do not offer the relative spatial information for
the residue groups. However, the spatial information for the residue groups is important in the design of the
protein-protein interactions. We proposed a new model, which is named ‘tri-prism’ model, by deep mining the
existing protein-protein interaction patterns and refining the preference and the relative spatial information for
the combination pairs of the residue groups. The model not only provided the preferences, but also offered the
relative spatial information for the triplets combination pairs of the residue groups. The model was able to
analyze the triplets combination pairs of the residue groups based on the preference factor, amino acid
composition, and protein secondary structure. The model was applied to the interface of the PD-1/PD-L2
protein. According to the diversity characters of the composition and the spatial information between the
combination pairs of the residue groups at the interface of the PD-1/PD-L2 protein and the predicted ones, we
put forward the suggestions for the mutations of the residues, which offered a new view in the study of
protein-protein interactions.
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Figure 1 Architecture of the “Tri-prism” model. A, B and C
stand for the vector of the carbon atom of main chain to the
characteristics of the side chain, respectively. ol and o3 stand
for the center of the carbon atom of the main chain, respectively;
02 and o4 stand for the center of the characteristics of the side
chain, respectively. d1 and d2, respectively, stand for the vector
length of the center of the carbon atom of the main chain to the
center of the characteristics of the side chain in two different
chains. d represents the distance between the two vector d1 and
d2. al, a2, a3, respectively, stand for the lengths of three sides
of the carbon atom of main chain
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Table 1 Definition of the feature centers on 20 amino acid
residues

. . Location of the feature
Type Description Residue

center

0  Residues with a small side  Gly (G)  a-Carbon atom on the

chain backbone
Ala (A)  p-Carbon atom on the
side chain
1 Residues with a bulky Val (V)  p-Carbon atom on the
hydrophobic side chain side chain
Leu (L) p-Carbon atom on the
side chain
Tle (T) Geometric center of f3,
y1, y2, and d-carbon
atoms on the side chain
Cys (C)  y-Sulfur atom on the
side chain
Met (M)  J-Sulfur atom on the
side chain
2 Residues with an aromatic =~ Phe (F)  Geometric center of the
side chain phenyl ring
Tyr (Y)  Geometric center of the
phenol ring
Trp (W)  Geometric center of the
indole ring
3 Residues with a side chain  Ser (S) y-Oxygen atom on the
that has a hydroxyl group side chain

Thr (T)  y-Oxygen atom on the
side chain
4 Residues with a side chain ~ Asp (D)  y-Carbon atom on the
that has a carboxylic acid
group

side chain

Glu (E)  o0-Carbon atom on the
side chain
5 Residues with a side chain ~ Asn (N)  p-Carbon atom on the

that has an amide group side chain
GIn (Q)  J-Carbon atom on the
side chain
6  Residues with a side chain ~ Arg (R)  {-Carbon atom on the
that has a positively side chain
charged group
Lys (K)  {-Nitrogen atom on the
side chain
7  All histidine residues His (H)  Geometric center of the
imidazole ring
8 Pro (P) Geometric center of the

All proline residues .
pyrrole ring
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Figure 2 Distribution of preference factor (PF) values for the
triplets combination pairs of the residue groups
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Table 2 The highest PF values of the triplets combination pairs of the residue groups

The triplets combination pairs of

The triplets combination pairs of

No. PDB code Chain 1 . Chain 2 .
the residue group the residue group
1 4GGF A (H-17, F-26, H-27) C (H-105, H-91, H-95)
2 4GGF A (H-17, E-26, H-27) C (H-103, H-105, H-95)
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Figure 3 Six histidine residues chelate a Mn ion in the crystal
structure of 4GGF
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Table 3 Comparison of the high PF values groups against the
overall groups

Mean value
Category d dl d2 0 of PF
The high PF 5.012 2.362 2.546 128.2 394
values groups
The overall 5.457 2.202 2.286 123.0 13.9
groups
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Figure 4 Comparison of the combination of nine types of
amino acids between the high PF value groups and the overall
groups
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Figure 5 Comparison of the combination of 20 amino acids in
the triplets combination pairs of the residue groups between the
high PF value groups and the overall groups
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Figure 6 Composition of the secondary structure of the triplets
combination pairs of the residue groups. The Pie chart in light
blue on the left side represents the protein secondary structure,
and the other one in dark blue represents the protein non-secon-
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detailed distribution for the protein secondary structure
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HE LG S BMEEREER 4 AN35, d. dl. 32
Ao, BprL R ERIKE . AR, T2
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22 =nEREEAWNHTNERR S MNEAR
Bl PE o T # UK PD-1/PD-L2 & A E &Y ik 451
(PDB %% 5 : 3BP5), Hri' A% N PD-1EH, B 1174
RAIEFRA L, B 84 PD-L2 A, 202 MEIEFRH
Bo P EBI AR B PD-1 BCAk 45 & 2 10 i = Jo ikt
HeE, LA (K 4). HAREEE (K45, 1-93 Al
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Table 4 The triplets combination pairs of the residue groups for the crystal structure of 3BPS5.

binding site and predicted by the crystal structure

HMAHEAER . FRIFERTLAER], 4. 5. 6 5 =JukAEE
HEFILE A-99, RIS 5 M 3 58 2 1 45 4 0%
MRS . R 4 RS T84 PD-1 R =
JORRFEH A IE “ =M A TN 15 B Y e K PF
B = ehk I 40 A & HL PR E.

¥ PD-1/PD-L2 & [ 3K [ SE PR A7 £ 1) = Ju ik Ak 41
AXFRIH R, WK S fiR. @l =Mk A
T ) = ek L A0 (R 4) SHATXT ORI, RS H
34N PD-1 K iHl = Juhk A A0 B HIAER 4 158 1.
2. 8 FguhkEAH AR

Table 5 The triplets combination pairs of the residue groups on
the binding interface of PD-1/PD-L2. °Stands for the residues
that formed the binding site and predicted by the crystal structure
in third triplets combination pairs of the residue groups

The triplets combination
No. pairs of the residue groups
on the surface of PD-1

The triplets combination
pairs of the residue groups

1
value on the surface of PD-L2

1 (N-33, N-35, K-45) 0.9 (T-22, D-111, K-113)
2 (N-33, N-35, G-91) 9.7 (Y-112, K-113, Y-114)
3 (M-31°, $-50°, N-51) 1.1 (G-107° A-108° A-109)

TR S HEE 1 SHA (N-33, N-35, K-45),
7£ PD-1/PD-L2 & [ Ft i 48 B % B ) = ek I 41 &
N (T-22, D-111, K-113), 5K = ckiEAH5 (D,
K, T) —#. PD-1/PD-L2 & 71 L Aix A~ =ik E
HEX IS 34 KR (PD-1 11 K-45 A1 PD-L.2
L D-111. K-113), H PF {H 80.9 & T PF KA
BIKF, BB IXAN = JehR I At B BH S A i i

TR S HEE 2 SHA (N-33, N-35, G-91),
W5 Z HEAERBA SN (D, R,N), JET (4,5, 6)
K= Jehk I 4. 1 PD-1/PD-L2 & [ Ftif b3k 2%+
MNRHAE N (Y-112, K-113, Y-114), B (Y, K, Y), )&
T (2, 2, 6) K =JuikAEAHE. Hd PD-L2 1
K-113 A1 Y-114 J& TR BARE . M Y-112 J§ T REG
X HE 45 G A S ) R R AR R . K Y-112 R

Stands for the residues that formed the

The triplets combination pairs of the residue

The triplets combination pairs of the residue groups for

No. groups on the surface of PD-1 PF value predicting and their abbreviations
1 (N-33% N-35% K-45) 80.9 (ASP, LYS, THR) (D,K, T)
2 (N-33% N-35% G-91) 18.5 (ASP, ARG, ASN) (D,R,N)
3 (S-40%, N-41, Q-42) 11.6 (LEU, PRO, THR) (L, P, T)
4 (L-95% H-96, A-99) 10.0 (ARG, ASP, THR) (R,D,T)
5 (K-100, 1-93, A-99) 7.9 (LEU, ASP, VAL) (L,D,V)
6 (I-101, I-93, A-99) 7.5 (GLU, VAL, LEU) (E,V,L)
7 (M-31%, 8-50%, L-9 %) 5.8 (ILE, PRO, GLN) (I,P,Q)
8 (M-31%, S-50%, N-51) 1.3 (HIS, THR, THR) (H, T,T)
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Table 6 Comparison of the details between the third triplets combination pairs of the residue groups and the mutation ones

The name of the triplets combination PF

Cat d dl d2 0
ategory pairs of the residue groups value
Th-e mean spac.e informatio.n for all triplets combination 13.9 5.457 2202 2286 123.0
pairs of the residue groups in the dataset
The third of the triplets combination pairs of the residue (13.5-0,0.0) L1 4836 2048 0731 9.5
groups
The mutated triplets combination pairs of the residue (0.13-0,0,0) 118 3261 1593 0.886 155.0

groups for advice

AN HADE IR, 5 PD-1 £ =0k G A=
TCHRIE A G X, XL = JuR A A X PF (A #/N T
9.7, XMW LA TEE Y-112 HF T 4% & A1 4
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Bk PR IR IR, X R TE A R T 5 R 1 45 A R
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VIR 256 550 77 o AR B v i A 46 0 1)1 372 1)
ERNSE (R 6), MHE 3 SHEX (1,3,5-0,0,0)
HoeAg @ &% (0,1,3-0,0,0) ATLAE H, RA®
WA d /D, dl A d2 ZETE/D, 0 T
AR IME . X PR TR T IE R “ = 4%
FE” BT, WA RE T A T AN = ou ik Bk & IR T
Fefiho 28 BRTIR, To /2 MEUE R 1 T 1) A 558 2 A
IR TR AR P A1 P8 0 SRR IXRE A I o 3 — B X Le
PD-1 Eff) N-51 454 GLY Bi ALA, RIUE N-51
RAZA GLY ¥ Bi& — AT A F Tk ik (8] 42 fir 1) i 7K
RS, MR PD-1/PD-L2 2 8] 45435/ 1

INGS
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