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Small MNucleophilic
OH OH
b A L X
HENMCDOH HaMN COOH HaN COOH HzN COOH
Glycine (Gly, G) Alanine (Ala, A) Serine (Ser, S) Threonine (Thr, T)
MW: 57.05 MW: 71.09 MW: 87.08, pK 4 ~16  MW: 101.11, pKg ~ 16
Hydrophobic ﬁ\ S/
HaN COOH HoN COOH COOH HoN COOH
Valine (Val, V) Leucine (Leu, L) Isoleucine (lle, 1) Methionine (Met, M)
MW: 99.14 MW: 113.16 MW: 113.16 MW: 131.19
Aromatic Acidic
0]
OH
H,N"~ ~COOH HyN~ ~COOH H,N”~ ~COOH HzN" "COOH
Phenylalanine (Phe, F) Tyrosine (Tyr, Y) Tryptophan (Trp, W) Aspartic Acid (Asp, D)
MW: 147.18 MW: 163.18 MW: 186.21 MW: 115.09,pK 3= 3.9
Amide Basic
COOH COOH ’C;H H,N~ ~COOH

Asparagine (Asn, N) Glutamine (Gln, Q)

Histidine (His, H) Lysine (Lys, K)
MW: 114.11 MW: 128.14

MW: 137.14,pK = 6.04 MW: 128.17, pK 3= 10.79

SH

HaN" ~COOH

Cysteine (Cys, C)
MW: 103.15, pK 5 = 8.35

<L

H COOH

Proline (Pro, P)
MW: 97.12

HyN~ ~COOH

Glutamic Acid (Glu, E)
MW: 129.12, pK 3 = 4.07

HoN YNHE*'

NH

H,N~ “COOH

Arginine (Arg, RB)
MW: 156.19, pK 5 = 12.48
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electronegatlve atom (N,O,S)
electronegative atom (N,O,S)

electrostatic attractlon ’
S \Q/b
O* =
lewis base unshielded,
basic electron lone pair acidic proton
R e D e e g oy e
KEHEES: B (acceptor) {#£ 54K (donor)
Jakry: 28K (acceptor) {#£ 54K (donor)
BF: 54K (donor) 2B (acceptor)
N+ H-0 NoH- -0,
M= SE— . o
7 N \
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kJ/mol kcal/mol

F-H---:F- 155 38.6
O-H---:N 29 6.9
O-H---:0 21 5.0
N-H---:N 13 3.1
N-H---:0 8 1.9
OH,*---:0OH, 18 4.3
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Major groove

Minor groove
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Arginine Arginine

o H ©

AN AN

HN HN
A S H
HN” ~NH, HN N'
@ H ,',
Salt Bridge i‘—EleCl’rOStatIC Interaction : ‘_Hydrogen Bond|ng
©
515 0 HEREIER 5o e
O 0
%E %N
O H (o)
Aspartic Acid Aspartic Acid

10 DFEEHRLEF



R—-FH B

FMEMEERIZHEE
H—OVA(HHRMEEFEREN) 5 X559 B (5+4°5-)

[ T FEEEIEE



R—-FH B

HATFDEMDMIEED T FORBFZFLEL T, TR TIBFHES

L= FEEANIEAEIND

@ o

As atom "A" approaches, the electrons
of atom "B" will be attracted by the
positive end of atom "A". AS a result,
the electrons of atom "B" will migrate to

0 the left side and make the left side
slightly negative.

Criginal Instantaneous Induced Dipole
Dipole

Permanent Dipole
g Induced Dipole-Induced Dipole Interactions

G@@@@
4,444 -4>
PP Pe PP
4+4-4>4 -4~
(PP Pe PP
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N —g —g
N —g N —g

Sandwich Parallel Displaced
(S) (PD)
F-Q—F O®® ®®®
P, O
_H@{a.u.sﬁu
.
' - -
33-38A 1.6-1.8 A
-1.48 Kcalimal -2.48 Kecal/mol
13

T-shaped Y-shaped
(T) (Y)
Vi OO
-

4.96-5.025 A H

-2.46 Kcal/mol
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N —g
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N — N —g

Sandwich Parallel Displaced
(S) (PD)
N o2 >
Q S OC
§<::>; c§;;2;2 C;;;z;&s

H

H —

P

— - -
33-38A 1.6-1.8 A
-1.48 Kcalifmol -2 48 Kcal/mol
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CH-rt interaction

/C

H o
146~ |57
2.5~28A

5

Nishio, Phys. Chem. Chem. Phys., 2011, |13, 13873-13900

(b)

https://doi.org/10.1002/pro.2814
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Cation-Tt interaction

Acetylcholine

7 1N / \.
) ) J, i
(£ D — ’ I\~

M
H  Tryptophane
Benzene ring
H g}[ pi cloud }
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RFEDODBEYVICFETHIEFIE. EFH +0.4
FHIRICEK>TELLTHEY., (EHD
RFEBRTHETDIESTIZERLE
C.ZDEEIHIT MEREILLTL=H
9, COMEBERA@URSEIAEEN
2) &, [RFREIEBD6FEIZR LEHIT S5
NTHBH, BHELZ0.2 keal/molDEFLNF
ER, § RTOBEFIEI=, 52080 ool |
ELARDOBRMTIIRELFTELH S, Tt
0 0.2 0.4 0.6 08
r (nm)

+0.2 -
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)

Lennard-Jones potential
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BKMEANSWNBENKBEFTRETLIIR
ERMHATEIVNOE—BREIR THS

T=20C
AH =0 kdJ/mol
TAS = +25 kJ/mol
—
. AG = —25 kd/mol
ooanxtygy Ty Ac,= —450 J/K - mol
e LL
) @ ( T=1407C
/\
o AH = —30 kJ/mol
TAS =0 kJ/mol
—

AG = —30 kJ/mol
Ac,= —200 J/K - mol
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METERISH SEAB IR SH

/ \% i / :'; V{//" 8 . \\\
p =l | a7
s F ¢ \ P - i
¥ . & —_— . . y
g - flin
& &y,
¢ [ 4% ‘\ s‘ a )
& \ Ve BAMOIPICE  HFOAREICHS
FEREMDRIEH BRI E
2FEN3 KRBATED
2 iz 7/ b=
> 0~ & 155 73 /B =
A L —iRiE
/r I\ D / \ / *E *ZR Tle 4.5 Ser — 0.8

Val 4.2 Tyr =8
Leu 3.8 Pro —1.6
Phe 2.8 His — 32,
Cys 2.5 Glu =235
Met 1.9 Gln — 35
Ala 1.8 Asp =35
Gly —04 Asn = 85
Thr = (0.7 Lys — 39
Trp - 0.9 Arg — 45
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Hydrophilic head

| — GLYCEROL

OQutside of cell Protein
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Inside of cell Protein Cell membrane
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Common name Standard
nomenclature

i ® Palmitic acid (PA) 16:0
10”0
Ho/;\ Stearic acid (SA) 18:0
T AT ATAYV Y W P P Oleic acid (OA) 18:1A°

Ho” OWVZW\ Linoleic acid (LA) 18:2A912
W_v I W W a-lsnolertcacl (ALK RSAS

M AW W AT A Arachidonic acid (AA)  20:4A581114
)k/\/_\/_ e e A . Eicosapentaenoic (EPA) 20:5A>8 111417

)b\_/xk/\_ NN e\ Docosahexaenoic (DHA) 22:6A 4710131615

2 DFESHKILS

Alternative
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R-SH + HS-R' —= R-S-S-R’

1= JT
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— Antigen binding sites -
Variable region

, - on heavy
. chain

Light —* | “Variable region
* B L |. h -
chain pisulfide o] \ | on light chain
bridges i . Constant region
~on light chain
Heavy chain —— o Constant region

on heavy chain
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0 f
T coe —NH—CH—C— «»»
**—NH—CH—C— --- |
| CH,
CH, |
| SH
S - SCH,CH,OH
| + 2HSCH,CH,OH ——>» + + |
:|3 SCH,CH,0II
SH
?Hz (”3 |
0
*~NH—CH—C— -+ T
PR _NH—.CH-_C_ r
Cystine 2-Mercaptoethanol Cysteine
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19 RN7—-t A
RRPF

YRXHILT7—HEA |
(12472 /) R

4 Ltk
M N

7 H,N(CO)NH, G/ ¥ (Z:IE'I‘E)

" HOCH,CH,SH &5t

o (EMERM)

L 4 I

*
pH 8, O, M1t

(% ~ .
. |
(M Rf) U-\ .
llllll s® * -
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JRXHILT7—EA
(12472 /E8)

0

L

L4

[ L&) & I 14
¢ N
b o A HOCH,CH,SH Ti&t

AR AL Yy
@ !

*
pH 8, O, B1t
(BT M4)

sssmnns®

FRE OKEHBEWIE) CALATRIR/—)L (S—SHEE A 2TR) TUIE
— TR N (BERFMELL)
— REZHREL. ERTEILTSEERTENTEICEIE
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S
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**—~NH—CH—C— -~

Cystine

28

+

2 HSCH,CH,OH

2-Mercaptoethanol

{
.._NH_ch__C_ - »
"
SH
SCH-.CH-OH
—_— + + | -
SCH,CH,OH
?H
P
«+—NH—CH—C— -

Cysteine
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RNase A Native

(active)
8 M urea denatures the
1) protein, and mercaptoethanol
[ cleaves its disulfide bonds.
Denatured
0,
Native
H,0 (active)
Removal of only the Removal of the denaturant {urea) and
mercaptoethanol allows the 2)reductant (mercaptoethanol) allows the
disulfide bonds to reform in protein to renature and re-form disulfide
the denatured protein. \l bonds in the presence of oxygen.

Subsequent removal of the urea L SL Adding a small amount of mercaptoethanol to
generates an enyzmatically inactive ) the scrambled protein in the absence of O,
protein in which the disulfide bonds catalyzes its conversion to the active enzyme
have formed at random. through disulfide interchange reactions that
allow the native disulfide bonds to form.

Scrambled (inactive)



M AEAEFINC X 5 &t

HEAR gimel  om

van der Waars 0.4-4.0 0.3-0.6
Hydrogen bonds 12-30 0.3
lonic Interactions 20 0.25
Hydrophobic Interactions <40 varies
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Protein Data Bank

RCSB PDB Deposit + Search v Visualize v Analyze v Download v Learn v About v Documentation v Careers COVID-19 ‘ MyPDB ~ ‘ Contact us ’
% 206,239 Structures from the PDB
Bé) ¥ 3D Structures @ Enter search term(s), Entry ID(s), or sequence Include CSM @
PROTEIN DATA BANK @ 1,068,577 Computed Structure
Morels (CSM) Advanced Search | Browse Annotations Help

S SPDB fonaer WM §nn ©P0B-Dey e

A 7 U, A \ & New: More Computed Structure Models (CSM) available

RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in
M Welcome science and education by providing access and tools for exploration,
visualization, and analysis of:

l'b Deposit Experimentally-determined 3D structures from the Protein Data
Bank (PDB) archive

Q Search E Computed Structure Models (CSM) from AlphaFold DB and
ModelArchive

Cal Visualize These data can be explored in context of external annotations providing

a structural view of biology.

222 Analyze

Explore  [Qq] o PDB-101
NEW : » Training
Features = 1 Resources

& Download

B Leamn

Odorant Receptors
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Biosynthesis of chymotrypsin

xEL )Ty /=y L 245
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H a1t
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| .. 1 13 16 146 149 245
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T e e
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Peptide hydrolysis
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Role of the triad?
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General base

| 0 CH, | catalysis and | | O CH,
HJC\(‘(: Ty N Ser nucleophilic attack | HQC\C('_'_ e N o
N = to form tetrahedral . R 1
Prote % v 95/ mermestae. e TRy
3 P : :
——Ni CH, = L — —N+9 CH
;-I / ety \H /
‘ _O Nucleaphilic R ' T R
| & attack xR %
R' R \N; (1/
| Substrate \,;(/ Tetrahedral intermediate 7 A
polypeptide 7 N H OF
) M -0
. General acid catalysis ‘
Enzyme-substrate aids breakdown of the |
complex 2, tetrahedral intermediate |

to the acyl-enzyme
intermediate.

Asp
% e :

7
== — HaCs #4473,
Amine product is | C \ \ Ser
released and ‘ \ N1 Q?y
replaced by water. | \ 3
1 N‘ CH,
E /
H.O }I
—————- R ‘ ‘ R
New N-terminus of | S| 7
cleaved polypeptide : OB (&
\ chain J i/ AN
) / . B — H 0
General base catalysis R'NH,

and nucleophilic attack

Acyl-enzyme intermediate

S Ge:[mlara'l ac?g Asp His
is catalysis aids
?gg 57 breakdown of @ 51
] & tetrahedral - C| 0% CH,
{0 5% 152 intermediate to 2N 7 R
H,C \(,-/"_ ey the carboxyl ‘ C\ By Ry Ser

5 \N N IS;; product and the | ¢} N Q?y
0 \’,/ active ?pzyme; ‘ \:N~ CH,
O N+ ‘ CI{Q 5 K [

\H" O/ — Active enzyme H—Q
' \\ R +
A
T hedral i i - & —— '
; il /
36 etrahedral intermediate ¥ -\(); New C-terminus of -
cleaved polypeptide | / N

chain ) H 0O



Protein Data Bank

Gaussian Surface: ON
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Protein Data Bank

JRXOLT7—1EA

PDB ID:
2AAS
1JVU

(with Cytidine-2'-monophosphate)

38
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Protein Data Bank

DRI T4AF
26-84

40-95
58-110
65-72
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Protein Data Bank

His12
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HO
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Phe120~~NH
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His119
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