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mRNA Mmetabolites
rRNA peptidoglycan
165 lipopoly-
I’RNA 235 tRNA saccharide

rRNA 5s

protein ~--

glycogen

http://book.bionumbers.org/what-is-the-macromolecular-composition-of-the-cell/
https://www.nature.com/scitable/topicpage/what-is-a-cell-14023083/



http://book.bionumbers.org/what-is-the-macromolecular-composition-of-the-cell/
http://book.bionumbers.org/what-is-the-macromolecular-composition-of-the-cell/
https://www.nature.com/scitable/topicpage/what-is-a-cell-14023083/
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A

immunoglobulin

(antibody)

insulin
hormonal

protection
IR:E

hemoglobin

PROTEINS:
Types and Functions

RUBISCO

ferritin
AaiE @17 = (L)

https://alevelbiology.co.uk/notes/functions-of-proteins/

spider silk

structural



https://alevelbiology.co.uk/notes/functions-of-proteins/
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Conjugated Proteins

(lass Prosthetic group Example
== . . . ] :
= Lipoproteins Lipids B:-Lipoprotein of blood
fESSH  Glycoproteins Carbohydrates Immunoglobulin G 7%%5 &H
& H  Phosphoproteins Phosphate groups Casein of milk g&z=
[M & & &5 HHemoproteins Heme (iron porphyrin) Hemoglobin [M4T&H
#2,=%H Flavoproteins Flavin nuc:lEDtic;gg . Succinate dehydrogenase
& EEH Metalloproteins Iron REAER Ferritin
Zinc Alcohol dehydrogenase
Calcium Calmodulin
Molybdenum Dinitrogenase
Copper Plastocyanin

B2 (prosthetic group) S ZE &R :
https://en.wikibooks.org/wiki/Structural Biochemistry/Enzyme/Prosthetic_Group

A4~ OO

SHEEH  [EF

H % BB B #H AY


https://en.wikibooks.org/wiki/Structural_Biochemistry/Enzyme/Prosthetic_Group

Modified from https://en.wikipedia.org/wiki/Amino_acid



https://en.wikipedia.org/wiki/Amino_acid
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21N
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[TLTY

Amine on a-carbon

All amino acid

One (or two)
hydrogen(s)
on a-carbon

D-stereo-
isomers

L-stereo
isomers

20 2 |
Standard Special

Added in rost-
Proteinogenic | proteinogenic AAs Non-ribosomal tr;agdsilﬁ?;'c?ga:g
amino acid (Added during peptides

translational)

SAIREK

https://en.wikipedia.org/wiki/Proteinogenic _amino acid



https://en.wikipedia.org/wiki/Proteinogenic_amino_acid

Template Strand yepppespespeepeppepppp——p——p—p—p—p———r——r————

CGTTAGACAAGTGCGTGAGTACACA

ATGCCGCAATCTGTTCACGCACTCATGTGT
B B R R R =B )

AUGCCGCAAUCUGUUCACGCACUCAUGUGU

DNA TAC
fEEE  Transcription
RiA E 1%— /\'FHH En“ L I 1L I

J 1 ] L ] 1 J L ] 1 I J 1 ]

$§ E% Translation

T o B Yy Y Y Y Y Y v v v
Protein EEE Met Pro Gin Ser Val His Ala Leu Met Cys
plasma membrane nuclear
cytoplasm membrane

plasma membrane

\

cytoplasm

transcription

\; MRNA

\T P

translation

DNA/
ribosomes

prokaryote J? *z E CF%

protein

nucleu.s\
DNA

mature MRNA pre-mRN
transcrlptlor/

\./

protein _3(,/ 2 t/ranslatlon

ribosomes

eukaryote E 1‘2 $ LLI'%

IR BB
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Nonpolar, aliphatic R groups

CcOO™ CcOO COO
+ | + | |/.-'H
H;N—C—H H;N—C—H +/C\~
| l H2N CH2
H CHs ] |
H,C CH,
Glycine Alanine Proline
R AR W
(|300 (EOO
Ihﬁ—?—ﬂ Ehﬁ—?—H
(EHQ H—(|3—CH3
CH CH
/N 2
CH; CH; CHS
Leucine Isoleucine

H iR 4 = H IR

?00—
Ihﬁ?H
CH

/N
CH; CH;
Valine
HARE RS
(‘30 O
g
CH,

|
S

|
CH,

Methionine

5P it A S




A58 5 75 B IR

Aromatic R groups

C|]00_ (|100_ (|300_
Iﬁﬁ—?—H Iﬁﬁ—?—H HJLﬁF&I
CH, CH, (lﬁ)Hz
C=CH
\
NH
OH \ /
Phenylalanine Tyrosine Tryptophan
RANREE A& B2 A% =Y

7K =Lt 7K
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Positively charged R groups

COO" COO" CO0"
Hgﬁ—é—H HJJ—('}—H HEI':'—(‘}—H
CH, CH, CH,
(|JH2 (|3H2 (‘J—NH
CH, o |
CH, NE ¢~
+1~|.IH3 (|J=KIH2
NH,
_)_!__ SLne élnlne Histigjne
i B2 i 5 iz i #H B2 8

Negatively charged R groups

?00_ ?OO_
H31'+~T—(|‘,—H Hgﬁ—(':—H
oy
CO0"~ (|}H2
COO™
Aspartate Glutamate
%Fﬁﬁﬁtﬁﬁ SR e
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Polar, uncharged R groups

(|")OO_ (EOO_ (‘300_
Hgﬁr—(l;—H HJJ(EH H,N—C—H
(l'J‘Hg H—(|J—OH (FHZ
OH CH; SH
Serine Threonine Cysteine
#ARR R BFNZ L =+ Bz g
(IJOO_ (|JOO_
HBI{T—(‘]—H Hgﬁ—ﬂ;—H
(inz (|]H2
/C\ (|JH2
HoN O C
/N
N~ 0
Asparagine Glutamine
f?ﬁﬁzﬂ“tﬁtﬁa SAPE % B8
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1) K/)©

2) R4

3) HFEM
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COO~

.
Hﬂ¢—?—}1

i
COO~

Aspartate

(1) AN

H.N—C—H

COO

Glutamate



X2
B
(i
Lo
i

o

] Non-Polar
FEM A

(2) a8 P4
=p=y

Polar

X 1%

(Partial negative charge)

6 & é (Partial positive charge)

https://ib.bioninja.com.au/standard-level/topic-1-cell-biology/13-membrane-structure/membrane-proteins.html

https://askabiologist.asu.edu/venom/protein-channels



https://ib.bioninja.com.au/standard-level/topic-1-cell-biology/13-membrane-structure/membrane-proteins.html
https://askabiologist.asu.edu/venom/protein-channels

(3) FEM

BB B FF 4 0 B SE (pH 1) P 5
RIS BHRAE

D I
R—(\?—COOH N R—(‘L‘—COO‘ Z, R—(‘J—COO‘
"NH,, "NH,, NH,
FEE - : N



pH

0.5

1
OH™ (equivalents)

EpHEH—Hﬁﬁ |

T E=MHRE éiEl'fE’fﬁj\
?E@?%E‘Eaﬂ% = . IttpH
B Spl



COOH COO- CO0- C00- Hﬁﬁ_(fH Hj_?H H‘dﬁ_(fH HzN_(:lH
| + | + | C 2 C 2 C 2 C 2
H,N—CH HN—CH H,N—CH HN—CH 1 ijl{} j ig ] }/Ifﬁ ] E{E
D D e | om oo | e | o | e
CH, —1. CH, —R. CH, —2- CH, V4 I Y4 R o/ =2 /
— | T | | H H N H N ) H N
533@!? COOH COOH COO- COO- H H
AR 0 1 -2 +2 +1 0 -1
{a] .
10 10 L Histidine pK, = d
___________________________________ 9.17
o | AHPZRE _—
8 o= |
PKg = 759 |
6.0 !
e ) 4 2 | _
pH 6 I |
| I
I I
N 4r : .
pK; = i i
: L8 | o
| | |
1 I I
' : ' : i | i i

OH~ (equivalents) OH~ (equivalents)

MREBEEELEZER | http://www.chem.ucalgary.ca/courses/351/Carey5th/Ch27/ch27-1-4-2.html



http://www.chem.ucalgary.ca/courses/351/Carey5th/Ch27/ch27-1-4-2.html
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Glucose-6-phosphate

Fructose-6-phosphate

AZBAHAR S AR

Al
=

Triose-3-phosphate

j

o

Glycerate-3-phosphate —s — —-»I Serine |—>| Glycine |

:
!

Phosphoenolpyruvate

Pyt —

Acetyl-CoA
\ Citrate
™
PR

Isocitrate

Oxai?acetate \
TCA CYCLE
Malate
\ a-Ketoglutarate —» | Glutamate

Fumarate / Glutamine l
\ <—/Su(:cinyl-CoA

Succinate V) Y oo . . .
TCA: —#8BETEIR ( tricarboxylic acid cycle )

https://www.sciencedirect.com/topics/nursing-and-health-professions/nonessential-amino-acid

il



https://www.sciencedirect.com/topics/nursing-and-health-professions/nonessential-amino-acid

Cvsteine [ Tryptophan || Tyrosine [ Phenylalanine
- Glucose .

T

O-xacetylsesing Fructose 1,6-bisphosphate Anthranilate Prephenate

-« <«+——— 3-Phosphoglycerate (‘fh\orisrr(a(tc

Hf‘t . l Erythrose 4-phosphate T

= Phosphoenolpyruvate DAHP —Shikimate
n o 2= H- A ==
SHENY) ) ERETE
= Ej.] CF@ ) 77w/ 'fj___ —
Pyruvate ——

= — ¢
Acety I-CoA
f i

Aspartate | o————— QOxaloacetate Citrate

f / R

Aspartate Malate Isocitrate -
4-phosphate ’ * [Proline |
Fumarate Oxalosuccinate T
Aspartate Succinate o-Ketoglutarate — s | Glutamate
4-semialdehyde i T S
£ %
/ ’)\ 3 / ~
Homoserine ..,.3-'f)nh.ydm- Ornithine W
o dipicolinate e
Homoserine \ Citrulline
4-phosphate  ,Cysteine DAP

' \ l Histidine
Cystathionine I | Arginine

J ' h Pyruvate

Pyruvate pi-Ketobutyrate Homocysteine
Methionine

i '

v ‘ https://www.quora.com/Why-cant-the-body-make-essential-amino-acids

[ Leucine || Valine | https://en.wikipedia.org/wiki/Essential_amino_acid

- - -



https://www.quora.com/Why-cant-the-body-make-essential-amino-acids
https://en.wikipedia.org/wiki/Essential_amino_acid

A
5

B eI A 7
o fZ S > M BX (peptide)> & H & (protein)
f EBE (1) R EBE (2)

i

R

2

R, 7J<

Dipeptide &t X

Modified from https://en.wikipedia.org/wiki/Amino_acid



https://en.wikipedia.org/wiki/Amino_acid

B3 iX(monopeptide)
21X (dipeptide)

— B&(tripeptide)

JURK (tetrapeptide)
71K (pentapeptide)

—  EfK(oligopeptide)
2-201[E iz Z #%

CH,OH I|{ H H

SR
H O
Amino-
terminal end

N 77

OH

| ol
H O

Ser—Gly-Tyr—Ala—Leu

SGYAL

Z K (polypeptide)
BREKR - D=

/]\FR10,000

& H & (protein)
BERET - D=
X }F210,000

Carboxyl-
terminal end

Clw
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https://bionumbers.hms.harvard.edu/search.aspx

NUNIB3R5S

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

Or, Google “average amino acid molecular weight”.


https://bionumbers.hms.harvard.edu/search.aspx
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II;rimary /L &H\I:I *%

structure Quaternary
Pro structure

Aal\ T ZRAENE —ARAETE

Asp

Lys Secondary Tertiary
Thr structure structure
Asn

Val )
Lys a‘ . .
Ala '
Ala : '
| S
’Gly

Lys (44 He'ix
Val

Amino acid Polypeptide chain Assembled subunits
residues

ﬁlﬁ:l:
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RE ( Nﬂﬁﬁecﬂﬁﬁ ) o

¥
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5 (M) EFEHA -

1B PEIRENER - B
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E1E

JEEZEE LIRERRREKEES -

. %% (8
BAR-EEA o
-ﬂﬁ%ﬁ,EU%

A ) _ARE B Sa-BRlE  B-HE R

(random coil | TN ZBIRELLE -




ARBE X

Ya] FiZ B AR A5 18 7
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BEb D ERFTE - A
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| F SN2
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AERA TP o] e 2 AV (B 52

T

*CoLHID(phi) B (psi)

0

I
153A 4| e

,@,'

\-
-

Carboxyl
terminus

IZ4A ™

146 A .z
’

132A

Amino
terminus



Ramachandran Prmuple :

B AR (phi) B2 (psi) B

Az

An animated atomic model:
http://bioinformatics.org/molvis/phipsi/



http://bioinformatics.org/molvis/phipsi/

i (degrees)

Ramachandran Plot

Ramachandran plot for L-Ala residues

AL
+180 -
120 > Dark blue:
fully allowed angles
0
—60
=120 |-
\ White region:
180 1 B "~ angles that are not
—180 0 +180 3llowed due to steric

¢ (degrees) hindrance (clashes)



(a)

Carboxyl terminus

° Carbon
) Hydrogen
0 Oxygen
° Nitrogen
. R group

(b)

()

ffé i 71

EEIETEE

(C))

<
==
=:)
==
=)

—\_|_—\_|__~,_
Hm%H%

fAl
fl

fRll



(a) g strand

Side view 6%g@%¢

Side chains+~
(below)

(b) Antiparallel g sheet

Top view

(c) Parallel 8 sheet

Top view

Side chams
(a bove

g




3 m BT

Type | B turn Type Il B turn

$X 7

* Notall Hatoms are shown in these depictions.



IR BB E ARG EEIRM (flexibility ) BY

» M—EERERESZER AYBEINREE ?
o« M—1{ElzE R = REMEMSEYBEE -
» EMERERESIFRo- 12 e PR ERNE ?

P

COO- cOO
] &
H H,C—CH,
Hi& e % B
Proline

Glycine

B 48R
e —




A

i

B_#hnmsEEEESRBENGHE:

Antiparallel Collagen triple
Bsheets oo el helix Right-twisted

B sheets / B sheets
+180

- Left-handed

'/ a helix

Right-handed
a helix

=120

120

Y (degrees)

—60

-/ B, 1 d
=180 0 +180

¢ (degrees)
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HINLRERZAR

wsEts BEEBEYIIEENS
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7= 18
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Fibrous Protein Globular Protein
BHEE P2 &EH
Blan . BIRER ~ M Ea Blan : X - M4 %El

B EEl - AERSE RER - REIKERE

https://ib.bioninja.com.au/standard-level/topic-2-molecular-biology/24-proteins/fibrous-vs-globular-protein.html



https://ib.bioninja.com.au/standard-level/topic-2-molecular-biology/24-proteins/fibrous-vs-globular-protein.html

ITIRE

Jaf

TRAS R AE B I

7|‘E = (motif, fold) A RA1E L _ERYE
SEEMEEPME AN EERET -

il

'ZiT%fﬂZ(domaln)Z%’%)35z

lUl'.l

: g:::ziifgagﬁ ,
EEBRUNEEET sBEASENIIEE

I FE:% =) \_1\&1|D¢§ [H E/\]

=W




Motifs 152 5=

(a) B-a-B Loop

Structural domains %5 %

A E5E




WIS EREAS 7

T EHBEABINIERT
- LBIRA
vl —aR A BRI IREE — - TOARAS B P RIEMRE -
JEHEEBIFR T
vl _— ~ =~ TGS B PSR - BiFiE - NS
ﬂﬂh*¢_°

vV iSSIRTERT] - Mbjtﬁll/\*%' B R Rz
B (RE - pHE ) PEIEDIEE
“A native protein conformation is only marginally stable.”

« B A B & 4 (denaturation)

B EEOERNSRE - KEBENEEE

waf

[ )
I I\r Ly




-

— BE E/] j;ﬂ 52 22 7= /<<<

]

<« Amino acid sequence of a 56-residue peptide
* jj t , i 1 MTYKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTE

_,Js_’z,.\n B>
A = “&mn ’f%

Nucleation-condensation model

A hierarchical pathway is shown,
based on computer modeling.
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BRERKRBREER

ﬁﬂ/r(proteopathy)
1B RBERXARENERIIARE -

https://en.wikipedia.org/wiki/Proteopathy#List of proteopathies

LoX]

bl
—>t

—7
1
-y

Ny =%

A\

Lox]
LUI 1]

/

. 28BN &2 B E 4 AE (amyloidosis)
o [ R AR R 4904 JE’JT@’T EHREBBER
95@1?3:%@: JBEBR A AR &

48, % (amyloid fiber) °
i %Z;iﬂkr HERCESFE S —1REY
1BEEERAEE -

[ }
o S

AL L1 s



https://en.wikipedia.org/wiki/Proteopathy#List_of_proteopathies

ARAR

Formation of disease-

causing amyloid fibrils (u-"i)#l\\'"—.iﬂ\
AT SER A T JAL —— ( S e f— '/\:‘, 3 /‘
SRE D & H A A - S e

w 4_-:1/’:\.,_ r &

Misfolded or partially unfolded Denatured

m Amyloid fibril core structure

Further assembly of protofilaments



N B M B4R AR AL TR (transmissible

SISy T2 \ : 1
l?l' '-l‘ﬂ J ﬁ}%(PFIOﬂ dlsease) spongiform encephalopathies, TSEs)
* & il (prion: proteinaceous infectious particle)

 IE % AR R T (Prro) 12 SN R AR IE B A 1 T
(PrPse) E B E A Prpse °
fRE TREBIEL 0 "HEHEL C ABREERNTE
(Creutzfeldt-Jakob disease, CJD)

LT

Misfolded or “Scrapie”’
Cellular form (PrP¢) form (PrPS) P

H1

§
N-.tler<4 : m [+ Glycans]
tai

HZW
/;H3
? %‘ Misfolding
&331 S2

GPI anchor
Neuron membrane o Unknown structure
o Rich in B-sheets

o Insoluble
o Aggregated

Cell interior
https://sites.google.com/site/juliangarrec/research/the-prion-protein



https://sites.google.com/site/juliangarrec/research/the-prion-protein

SREGERWNE DT ?

* Resolution range of the different methods for structure determination of
biological macromolecules

tissue cell organelle molecule

I I I I I I I I
103 104 105 106 107 10°8 10°# 1070 m
resolution

light microscopy

_
scanning electron microscopy

ﬁ.
a8 7 BB {4 CTyo-electron microscopy (TEM)

I< I7N B
B *>—ao
ZWGEEIR NMR

P
X3¢ G Beqfy (X-ray)erystallography




L 4~ :I:
1= ,%m

UI'.

1BEEBES

UI'.

AR DR ASORE

fB & 1 B (Protein Data Bank, PDB))EHEHJ@_J

2014 July 2020 May
0.7 3.08

\

\

m X-ray m X-ray
® Nuclear Magnetic Resonance ® Nuclear Magnetic Resonance
® Electron Microscopy ® Electron Microscopy

Click https://www.rcsb.org/stats/summary for the latest stats.



https://www.rcsb.org/stats/summary

°$UJ _X%/?EE

(1) XJ6 R A2 22 (X-ray crystallography)

1B AP IRFHBAIINE -

At

715, %%]L(single crystal X-ray diffraction)V

[0 B8 -

Lol ]JJ
@ LUI'J mﬂ]
\I]]]“

1. 45 8m : trial-and-error °

2. fﬁﬁ@%TLXKH%E,m%T,%E% IR ARGIE -

3. ﬁ?l‘ﬁ%%%j@ th B & B (unit cel)INEF R E 77
(electron density distribution) °

4,

NS FEEHERFHHET -

©

Single crystal Diffraction pattern Electron density map

https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm

Protein model


https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm

(2)1Z 4 £ Ix (nuclear magnetic resonance,
NMR)

JRFREEENEFEIRIBE N IRIBERIEE
Tz IR EE - BARE2EM% - JUIE
EHARRFIEIRE I SNERBERER
Z BRI -

/fuv

Lagud N2 Jachet
| ! Sargee

Ligus Me .}\_‘,‘ ..__7{.--
:" 71 Sangle

erconducte
Corncig 8 Vet
VRS pregen !wm.‘ -
D - m. )
\Mf;’ »

Sample preparation Data acquisition Spectral processing Structural analysis

https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em 6.htm



https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm

(3) /2R REFEEHUINT (cryo-electron microscopy)

« BB 8N 97 #T (single particle analysis)

protein purification negative stain initial model

A

initial model re-projections

orientation
refinement

aligned and averaged defocus determination particle alignment and final structure
frames and CTF correction classification

subframe collection

https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm



https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm

BB EAE AR

Template Unknown structure

- [5] /R $Z = (homology

i X3 modelling)
%;% ? « MR ERE FYBLUEH>
N Query (target) sequence  35% A% B fE Fr 5 — 214 ) H B2

o

SRR > KERTINE R B BN
(template) - BRHENNE

ELA-IGILTVSYIPSAEKIRAP--ELTI

Ml

l BRI RNEAER
< B -
u&%
)
Structural model RIS
https://www.unil.ch/pmf/en/home/menuins https://proteopedia.org/wiki/index.php/Practi

t/technologies/homology-modeling.html cal Guide to Homology Modeling



https://www.unil.ch/pmf/en/home/menuinst/technologies/homology-modeling.html
https://proteopedia.org/wiki/index.php/Practical_Guide_to_Homology_Modeling

* Accuracy and
application of protein
structure models.

Al PRI
2B HEAB

[BRIZETS —

AlphaFold?
- Machine learning

FIRTRR]

Baker, D. (2001). Protein Structure
Prediction and Structural Genomics.
Science, 294(5540), 93-96.

NMR, x-ray

Comparative modeling
% Sequence identity

W
(=}

Threading

de novo prediction

100

4]
o

Insignificant sequence similarity

>
(&
<T
oc
. |
(&
(&)
<t
a—d
wi
(o=}
o
=

APPLICATIONS

Studying catalytic
mechanism

Designing and improving
ligands

Docking of macromolecules,
prediction of protein partners

Virtual screening and
docking of small ligands

Defining antibody epitopes

Molecular replacement in
X-ray crystallography

Designing chimeras, stable,
crystallizable variants

Supporting site-directed
mutagenesis

Refining NMR structures

Fitting into low-resolution
electron density

Structure from sparse
experimental restraints

Functional relationships
from structural similarity

Identifying patches of
conserved surface residues

Finding functional sites by
3D motif searching
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EHEBE VU RAEEIIEENEE A
EHEBET AT AE DT

« B F gﬁ’\]ﬂ]ﬁ'ﬁﬁﬁﬂ,\@: BIREMD 1 ( Aok
ligand ) EITR GERAESE B NE

(conformational change) B8 E1HE -

ETREFRN D F1848 -
ﬁﬁ/ﬂﬁz'ﬁ éLﬁEE’J%ﬁi‘“  RBIE - (EEK
&~ e BERE..F -

\I




EEHE/\ ﬁZE\IJ-'—I
ficEE ~ Ao E (ligand)

BBl E A BE ES 0l (reversibly) A SV
O E2F I F - B EEMNERE -

« S I3 (binding site) :
- EHHE FHEEACEEME AL
SN -
« RN~ AR ~ B - Ligand
7K /R 7K M B f8 e n
-E—'ff—t(speufluty) & Binding Site 7

BolDIIE&ED T /
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Oversimplified view

(lock-key) ( _I_ ‘ .
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(b) Two widely accepted models

BEL e
(induced-fit)

B

= Cu -

\I

(conformatlonal .
selection) ‘4-» .4-» 0
Occurrlng INn some cases
e T S—K—~ B
(allosteric

Iglmsq da@llcln S., Soliva, R., & Guallar, V. (2018). Computational structure-based drug design:
Predicting target flexibility. Wiley Interdisciplinary Reviews: Computational Molecular Science, 8(5), e1367.
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& B RIS 4 S RIFRR A S (affinity)
k
P+ L — PL K, = I _ Ka
protein ligand kg protein-ligand 1 [PL] Ka
dissociation constant &% B & 2]
bmdmg sites DCCUpled [PL] _ [L]
total binding sites [PL] + [P] ; [L] + K4

Ligand-binding curve

10

[L] Carbitrary units)

6

1.0

0.5

Oxygen-binding curve

Pso 5 10



1IN Some Protein Dissociation Constants

Protein Ligand K, (M)*
Avidin (egg white) FRANIZ= Biotin £ & 1X107%
Insulin receptor (human) Insulin fEE = 1 X107
Anti-HIV immunoglobulin (human)’ gp4l (HIV-1 surface protein) 4 x 1071
Nickel-binding protein (E. col?) NiZ* 1x107°
Calmodulin (rat)? Ca®" 3x 1078
2 X 107"

Typical receptor-ligand interactions
|

Sequence-specific protein-DNA
I |

Biotin-avidin
Antibody-antigen Enzyme-substrate

107 107¥ 1072 107 1078 1007 1074 1072
high affinity K, (W) low affinity

Color bars indicate the range of dissociation constants typical of various classes of
interactions in biological systems. A few interactions, such as that between the protein
avidin and the enzyme cofactor biotin, fall outside the normal ranges. The avidin-biotin
interaction is so tight it may be considered irreversible. Sequence-specific protein-DNA
interactions reflect proteins that bind to a particular sequence of nucleotides in DNA,
as opposed to general binding to any DNA site.
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Smoking can disable

one of the most
= LL delicate balancing .
= 'f I:‘ E}K acts in the body, the N
N = cradling of oxygen W . N
( cO ) o 'f I:’ in hemoglobin. .

Z(NO)Z...

| Carbon monoxide has
higher affinity and binds
more tightly in the
hemoglobin location,
blocking oxygen!

proximal His

The hemoglobin-carrying red blood cells cycle back

to the lungs about every 60 seconds! CO binding has
http://hyperphysics.phy- a half-life of about 5 hours, so they may make over
astr.gsu.edu/hbase/Organic/hemo.html 300 fruitless trips back to the lungs!



http://hyperphysics.phy-astr.gsu.edu/hbase/Organic/hemo.html
http://hyperphysics.phy-astr.gsu.edu/hbase/Organic/hemo.html

|

]

COERMAIERETENEE
(oxygen deprivation)

pO, in pO, in
tissues lungs

o

Several oxygen-binding curves: 1.00
for normal hemoglobin,
hemoglobin from an anemic
individual with only 50% of her
hemoglobin functional, and
hemoglobin from an individual 4|
with 50% of his hemoglobin
subunits complexed with CO.
The pO, in human lungs 0.4
and tissues is indicated.

Normal Hb

EEETE FREEE?
50% COHb”

r

A 4
Anemic individual

=il

0.2
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o fiJ, 4] 2§ 5 (myoglobin, Mb)
—ZZ RN X
HAH1531E MR &

(PDB ID 1MBO) The eight -helical segments <,
are labeled A through H. Nonhelical '
residues in the bends that connect them
are labeled AB, CD, EF, and so forth.
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« M #T & H(hemoglobin)
- WA MALE B Ho 2B MtEIKE H (globin)ZH B - MITE
ZRR50% L FREERE AE - BE4ABARMER -

o [JU 4R %5 15 EH i 1] o 42 B2 Bod i {El B #2 P 4B X,

HIFEEWHRE N  MAEB>M4EF

Heme

I

Y
Lo
A

A

A

Myoglobin B subunit of
hemoglobin



https://themedicalbiochemistrypage.org/hemoglobin-and-myoglobin/
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T state R state

His HC3
Low affinity state Tstate Rstate High affinity state



il == E/j ‘_L-I-ijJ H A0 & %IZ rE\
(cooperative binding)
pO,in pO,in
tissues lungs

High-affinity
state

A sigmoid binding curve can
Transition from be viewed as a hybrid curve

low-tohigh- ___—— reflecting a transition from a
affinity state low-affinity to a high-affinity
state.

Low-affinity
state

- 8 12 16
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(aIIosteric

protein)?zzJ:@ﬂ % ==ZE
AT EANEEN @ BS
HECESFRA S -

N

Lo

Binding
site

Binding B Unstable
site I Less stable
I Stable

No ligand. Pink segments
are flexible; few conforma-
tions facilitate ligand
binding. Green segments
are stable in the
low-affinity state.

Ligand bound to one
subunit. Binding stabilizes
a high-affinity conforma-
tion of the flexible segment
(now shown in green). The
rest of the polypeptide
takes up a higher-affinity
conformation, and this
same conformation is
stabilized in the other
subunit through protein-
protein interactions.

Second ligand molecule
bound to second subunit.
This binding occurs with
higher affinity than
binding of the first

molecule, giving rise to
positive cooperativity.




FEIKENR : GHERGIERF
« & 3K S H (immunoglobulin) X 78 & 1152 (antibody)
« BIZIKE R G(IgG) /R (antigen) A S

£ #% (heavy chain)
B
(light
chain)
Antigen

-S-S- =

g Antibody Antigen-antibody
complex

Al

At

To generate an optimal fit for the antigen, the binding sites of IgG often undergo slight

conformational changes. Such induced fit is common to many protein-ligand interactions.
Tl =



gGEMREENFER T

« MM RNESIKEIELBIERT
- BlUN : FFEAER - SR - NS EDEIRKIER -

(a) Conformation with (c) Antigen bound
no antigen bound (shown)

Two residues in the heavy chain (blue) and one in the light chain
(red) are colored to provide visual points of reference.



ARSI
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€ Coat surface with sample 4 Il I

(antigens).

© Block unoccupied sites
with nonspecific protein.

e Incubate with primary
antibody against specific

antigen.

@ Incubate with secondary
antibody-enzyme complex

that binds primary antibody.
Add substrate. )

product indicates presence %
of specific antigen.

2. RIEERA
(Bl =88

7 )Western blot

Purification of a protein
kinase.

Formation of colored *

1. BRESRERM T
% + Enzyme-linked

immunosorbent assay (ELISA)

Test for the presence of
herpes simplex virus (HSV)

antibodies in blood
PR P

i j'L)v.‘

OF 4O
dl—

1 2 3 4 5 6
-974-
-66.2-

e — —
-450-
-310-
Coomassie =gk
blue stain 144

SDS gel Immunoblot



