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WHAT ARE LEGO BRICKS MADE OF?

@®e:-

iz B 4

Up until 1963, cellulose acetate was used
to make Lego bricks and parts. Lego eee HX Eu.. Y=
% B4 fig

bricks are now made from acrylonitrile eee ABS GRADRILES ROOED

eoe :

butadiene styrene (ABS). ABS is less ABS is opaque, so a polycarbonate
subject to warping and colour fading. palyruer has to be tsed for fransparent
Macrolex dyes are added Lego parts. For leaves, bushes and

to ABS to colour it. trees, Lego has recently started using

polyethene derived from sugar cane.
M GRANULES HEATED TO 230°C (450°F)

o

Bl

3 K
MELTED PLASTIC FED INTO MOLDS

In 2014 more than 60 billion Tyres and elastic materials are made
Lego pieces were made. from styrene butadiene styrene (SBS).
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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/
https://www.nature.com/scitable/topicpage/what-is-a-cell-14023083/
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Light Light

Kurisu, G., Zhang, H., Smith, J. L., & Cramer, W. A. (2003). Structure of the cytochrome b6f
complex of oxygenic photosynthesis: tuning the cavity. Science, 302(5647), 1009-1014.
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: EET *E i S /5\ Ij] | actin & myosin

immunoglobulin

(antibody)

insulin
hormonal

hrotection

A&

hemoglobin

PROTEINS:
Types and Functions

N RUBISCO
ferritin

wE R BE (1)

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
PEE= Lipoproteins Lipids 3;-Lipoprotein of blood
= Glycoproteins Carbohydrates Immunoglobulin G
mEE Phosphoproteins Phosphate groups Casein of milk
[MEE & 5 Hemoproteins Heme (iron porphyrin) Hemoglobin
1% =tH Flavoproteins Flavin nucleotides Succinate dehydrogenase
& E&EH Metalloproteins Iron Ferritin
Zinc Alcohol dehydrogenase
Calcium Calmodulin
Molybdenum Dinitrogenase
Copper Plastocyanin

855 (prosthetic group) 2 E &K :
https://en.wikibooks.org/wiki/Structural Biochemistry/Enzyme/Prosthetic_Group

Vil = =Ny =}
(=

BBt

A=

H 2 EL B P #H BX


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

IR EL L B 1B 3E SR R E R
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iR MG TR SR F AL TE

HEEH
Bk
JIH

?

[TLLITY

Amine on a-carbon

All amino acid

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

isomers isomers

Standard Special

Post-

Added in ,
Proteinogenic | proteinogenic AAs Non-ribosomal tr:]aon dsiﬁéldoga::
amino acid (Added during peptides

translational)

SRRER

https://en.wikipedia.org/wiki/Proteinogenic_amino acid



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

Template strand qepepepepe =TT T T T T T T T T T T T
TACGGCGTTAGACAAGTGCGTGAGTACACA

ATGCCGCAATCTGTTCACGCACTCATGTGT
O

DNA

BE §& [Transcription

AUGCCGCAAUCUGUUCACGCACUCAUGUGU
HNA EE% 1% “\E:H E“\\ | J L ] 1 ] 1 ] L ] 1 J L ] L ] 1 J L |

1E

$ii; n% Translation

Y \ Y \l \ Y Y Y Y

&= A . j Uy
Protein == E = Met Pro Gin Ser Val His Ala Leu Met Cys HQEE&%
plasma membrane nuclear
\ cytoplasm membrane
plasma membrane / pe nUCIeus\
\ cytoplasm DNA

/v

mature mRNA

pre-mRN A
transcription _‘: l transcnpnon
mRNA /

orotein translation

DNA/
translation
ribosomes protein %i
ribosomes

prokaryote R 1% A W) eukaryote EL1% 1]
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Nonpolar, aliphatic R groups

COO COO cOO
v + | |/,,H
H.N—C—H H,N—C—H e
| | H,N CH,
H CH, | |
H,C HEL
Glycine Alanine Pr‘oline
R AR B
(EOO (EOO
Ihﬁ—?—ﬂ Ehﬁ—?—H
(EHQ H—(F—CH;.-,
CH CH
/N T
CH3 CH3 CH,

Leucine Isoleucin

C ucine
=iz AL =)l

?00—
Ihﬁ?H
CH

/N
CH; CH;
Valine
ARG B
(‘30 O
g
CH,

|
S

|
CH,

Methionine

BRI N G
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Aromatic R groups

C|]00_ (|100_ (|300_
Iﬁﬁ—?—H Iﬁﬁ—?—H HJLﬁF&I
CH, CH, (lﬁ)Hz
C=CH
\
NH
OH \ /
Phenylalanine Tyrosine Tryptophan
KANREE i B2 i B iR L

7K 7=Libe: it 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,
_)l_ SLne élnlne Histigjne
it B2 f8 2l #H fz %

Negatively charged R groups

?00_ ?OO_
H31'+~T—(|‘,—H Hgﬁ—(':—H
oy
CO0"~ (|}H2
COO™
Aspartate Glutamate
PO R B
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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—0H 'C‘:HZ
OH CH; SH
Serine Threonine Cysteine
#h IR B BFNZ AL + Brhz i
(IJOO_ (|JOO_
HBI{T—(‘]—H Hgﬁ—ﬂ;—H
(inz (|]H2
/C\ (|JH2
HoN O C
/N
N~ 0
Asparagine Glutamine
%Fﬂﬁﬁ“tﬁtﬁa EAFE N {8
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(‘300_ (|‘,OO_

H,;N—C—H H,;N—C—H
o, CH,
(|300_ (|3H2

éoo—

Aspartate Glutamate



(2) AR
LlBEEBEEHBESA

(Partial negative charge)

6 Q ((’_) (Partial positive charge)

N

1 Non-Polar [_] Polar IK I B
FERMRIE  ABE i

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

At



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) FFEE 14

- IR E R BT EE A B IR B (o H B B 7S
RIS BHRAE

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

min]
(LLinf]
—_
O

+1 0 ~1



NH, NH., NH,
| Pk, | pK, |

CH, —— CHs —— (H;
C‘JOOH (‘300‘ (‘}OO‘
13
~ Glycine
- HiZEE pK, = 9.60

o) 0.5 1 1.5 2
OH™ (equivalents)

T EEE
?E’\J HEA A
B Spl -

LB (pl) : BEEESR
_, SEpHIER AL

= o BE /N
EaElE)J

H
=
L_I‘l



goon 600~ 600~ 600~
HSITI—(FH Hsﬁ—CIIH }1351—(|3H HN—CH
Tk ™Mk ek GH
CH P™ CH, PAR, CH, P2, CH,
SH = COOH - -
SEE ; COC?H coc; cog
—++ + - -
1@’ O
10
8
6
pH
4
2
| H ]
0 1.0 2.0 3.0

OH~ (equivalents)

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

2.0
OH~ (equivalents)



http://www.chem.ucalgary.ca/courses/351/Carey5th/Ch27/ch27-1-4-2.html
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Glucose-G6-phosphate

Fructose-6-phosphate

~
K
;E
=7
@
i
=
=Z]
T
2
HA]

Triose-3-phosphate

l Cysleine
1 o)

Glycerate-3-phosphate —s —» —pl Serine |—-| Glycine ‘

|
l

Phosphoenolpyruvate

Prie —

Acetyl-CoA
\ Citrate
~
A

Isocitrate

Oxai?acetate \
TCA CYCLE
Ma:ile a-Ketoglutarate — | Glutamate

Fumarate / Glutamine l

‘\ b/Sm:cinylaCGA l

Succinate

il

—_— N7

TCA: —#BETEIR ( tricarboxylic acid cycle )

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



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

Cysteine

O-Acetylserine

Tyrosine [l Phenylalanine

I Tryptophan
Glucose

| N N

T Fructose 1,6-bisphosphate Anthranilate Prephenate
P8 <——— 3-Phosphoglycerate Chorismate
L\Z\ == Hg ﬁ @ﬁ . l Erythrose 4-phosphate T
= HX Phosphoenolpyruvate. DAHP —= Shikimate
8 (HF}Y ) BEBITTESH
) (] —
A 2 ( = ) 77w/ 'f B I -
2 L iR P
VW =B /— i

Acetyl-CoA

| 8
.« Oxaloadtte  Citrate
Aspartate Malate Isocitrate

4-phosphate + * Proline

l Fumarate (Oxalosuccinate T
Aspartate Succinate o-Ketoglutarate — o |Glutamate
4-semialdehyde M N
# ] L%
2 ADihyd :
Homosening =~+L/10ydros Crnithine |G|ulim‘|'r‘|'
/ dipicolinate L
Homoserine \‘ i ine
Crsteine DAP Citrulline l

4-phosphate %
/ .
Cystathionine I
v + r—-—-— Pyruvate
Pyruvate u-KeInI:lul}'rale Homocysteing
f .
|
i
' /

[ Leucine || Valine |

- e —

Isoleucine

:

|—.-"|. Tgi:'l-ll;.’ |

Histidine

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

1B WIS Ak ?

o fZ E S > MK (peptide) > &= H & (protein)
f EBE (1) A BB (2)

H H

i

H

H | H |

H H

RT R:?
N 77 Cl#

(%) m@ﬁk‘ i{
HﬁH;#<:Fb Qi+
H .

Dipeptide %HK K

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



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

B3 iX(monopeptide)
21X (dipeptide)

— B&(tripeptide)

JUBK (tetrapeptide)
TR (pentapeptide)

+ |
H.N—C

—  EfX(oligopeptide)
2-201E iz B &

CH,OH I|{ H H

1l
H O

Amino-
terminal end

N I

OH

L ]
H O H O

Ser—Gly-Tyr—Ala—Leu

SGYAL

% BK (polypeptide)
BB - D=

/]NFR10,000

& & (protein)
BRI - D=
R 210,000

C{{:?./CH:;
>H
CH; H (|3H2
LMoo
0 (b
Carboxyl-
terminal end
Clw
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https://bionumbers.hms.harvard.edu/search.aspx
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https://bionumbers.hms.harvard.edu/search.aspx
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S HinEaa -
AeE - BESA
DNA ~ RNA..%5 -
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Lee, C. H. (2017). A simple outline of methods for protein isolation and
purification. Endocrinology and Metabolism, 32(1), 18.
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A B D =R/ DB

T (dialysis)

#8385 (ultrafiltration)

g

5/

Start of dialysis
(high concentration gradient)

QGIobular Protein

<, lonic contamination

°0
= )

End of dialysis
(Equilibrium)

¥ERE
. SEMipermeable
membrane

https://www.scienova.com/dialyse/

| Uttrafilter—

Sample””

Pa'rtitles,retc.'

Centrifugal force

Data courtesy of Sartorius Corp.



https://www.scienova.com/dialyse/

3+ &f(molecular sieve)Z\,
RIS BB AT I AT A (size-

exclusion chromatography)

Porous polymer beads

Protein mixture is
added to column

containing cross-
linked polymer.

Protein molecules
separate by size; larger
molecules pass more
freely, appearing in the
earlier fractions.

i

1 2 3 4 5 6



T I E il i B R AR IR B RS &K
(sodium dodecyl sulfate polyacrylamide gel
electrophoresis, SDS-PAGE)

\//

— 1 2 I
Myosin 200,000 |
B-Galactosidase 116,250 | "—
Glycogen phosphorylase b 97,400 | "—
Bovine serum albumin 66,200 —
O| o *@ LJ L_j L) |©| Direction
0 o of Ovalbumin 45,000 =
Sample WE” migration ! — Unknown
o 2 Carbonic anhydrase 31,000 | S-— E" ( protein
@ @) \
Soybean trypsin inhibitor 21,500 | - E _____ 0
o @ o Lysozyme 14,400 | "— |
o} O |
A° y |
i I
M, Unknown . ; :
standards protein Relative migration

SDS-PAGEC] AR EEERE D F=




3 FIFABSEAE DB

[?

Protein mixture is added
to column containing
cation exchangers.

(ion exchange chromatography)

© Large net positive charge
) Net positive charge
' Net negative charge
© Large net negative charge

B 7 SR B AT % < i \

Proteins move through
the column at rates
determined by their net
charge at the pH being
used. With cation
exchangers, proteins
with a more negative
net charge move faster
and elute earlier.

Polymer beads with negatively
charged functional groups

L]

. e S - -
=1 i:u.‘l
Hiislc

!_ k" LP £ JE

1 2 3 4568
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g:_i-' aln\lj-:l —|7\/\\\/
(isoelectric focusing)

A protein sample may be applied to one end of a gel strip
with an immaobilized pH gradient. Or, a protein sample in
a solution of ampholytes may be used to rehydrate a
dehydrated gel strip.

An electric field is applied

(D
W,

pH 9 Decreasing pl « pH3

After staining, proteins are shown to be distributed along
pH gradient according to their pl values.



kﬁ‘ - L] - -
— $H_ ,,ﬁ . Separate proteins in second

SEIN-Y o imension on
_’2“ EE'/7—'K 1&%%%%%& gDS-pnlyacwlamide gel.
(two-dimensional [2D]
electrophoresis) o]\

3 (+} B =
Protein sample -

Separate proteins in first
dimension on gel strip with
isoelectric focusing.

Gel strip l pH9 = pH3 ]

g

/e = — = D i S & P - w46 .
St IKSEUHE ety | R i T8

Decreasing pl .



C. N B e E i
Increasing concentration of ammonium sulfate

& Dive — =
(salting out)

25 fige £ 398 7 _
Wi B8 52 8 8 Mix
 ——
Ammonium
Sulfate
Solution ~

.
>

https://masteringcollegebiochemistry.wordpress.com/2019/01/24/protein-purification-salting-out/

Cell Extract ="



https://masteringcollegebiochemistry.wordpress.com/2019/01/24/protein-purification-salting-out/

D. A

AN T 8 AT A
(affinity
chromatography)

..TJ_

E%WW

1 Pump

Protein of
interest

1

Protein mixture is
added to column
containing a polymer-
bound ligand specific
for protein of interest.

77

Solution of ligand is
added to column.

1

#=\ Pump ===y

SOReC0000

23456?89

Unwanted proteins are
washed through column.

9
S

123455?89

Protein of interest is eluted
by ligand solution.



SR B el oA ?
EHE (MK ) ©F : EFZ A (mass spectrometry)
=HBREGSY) S=HEBE7D#E Mo ik 4w

protein (€) separation (D) ionization
digestion

Lol

Rj protein mixture (B)

dissociate ’ record peptide
PEP Pr peptide into myz and select
EPy for MS/MS

T | fragments P
PE 1 D representative | analysis
o D E of peptide - D
| “E ‘ sequence E
LJ | Lol | A L i ‘

https://www.future-science.com/doi/full/10.2144/05384TEO1



https://www.future-science.com/doi/full/10.2144/05384TE01

Mass

AW 4

Glass  Sample spectrometer }5 {ﬁﬁ{t F’; =iz
capillary  solution / } / < E\ AE
;}//'7-73: ‘< ’ I+!r+: . 1+Jr +++ Eg R /}5} ]lﬁﬁ / £
CoF (electrospray
High T ionization)
voltage
Vacuum
(a) interface
SN F"E\ i
100 47,342 Eg/ }\j} llf_llﬁ /£ ﬁﬁ- II:EI 2 I=FT=
| S0+ ol
gé\ 100 l | N
> 0 .
@ el | 40+ 47,000 48,000\ Computer-generated transformation
£ | l My of the mass spectrum
@
Z sof
&
25 |
|I ,I :
) \“ WAHYEANY
800 1,000 1,200




Signal intensity

Collision

MS-1 cell MS-2 Detector PN P _\_
- E W - NFASEESRL A (tandem
Electrospray  Separation Breakage m a S S S p e C rO m et ry) HQ 1%':

ionization o .,
v (fragmentation)
b

R' O R® O R
[ H H | H |l _0
HN—C—C—N—C—C—N—C—CH+N—C—C—N—C—C__
H | I ® [H ] H Do
RZ O R* O
Y
Rl O R® O R®
Ll H H | H | _oO
HN—C—C—N—C—C—N—C—C- *N—C—C—N—C—C__
H | || H H [ | H Do
RZ O R*
— g EE
G-V-L-V-V-A-A-S-G-N-5-G-A-G-5-1-5-Y-P-A-R - /==
L))
2
~ (9]
o) =
[#) — —
=
~ 1 3 = The labeled peaks are y-type ions derived from
= T > . . . .
o~ < g 5| amino acid residues. The number in parentheses
o < ~ ~ % ~ . .
< FRP ez 21| over each peak is the molecular weight of the
~ 5 = 5 . - . .
& T 7 || amino acid ion. The successive peaks differ by
the mass of a particular amino acid in the

|
200 400 600 800 1,000 1,200 1,400 1,600 1,800
Mass (m/z2)

original peptide. The deduced sequence is
shown at the top.
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F"rimary /L &n\l:l T§

structure
Pro

Ala _“&“\I:' T% _n n\I:I T%

Asp

Lys Secondary Tertiary
Thr structure structure
Asn

Val v

Lys -,
Ala
Ala o
Trp
Gly
Lys a Helix
Val

:E?H!:I:

Quaternary
structure

Amino acid Polypeptide chain Assembled subunits
residues
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i

*Co-EHID(phi) EZ (psi)

1

Carboxyl
terminus

—

| -
&.‘ g.

Amino
terminus



Ramachandran Principle

B PRI (phi) B (psi)

Lo

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



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

i (degrees)

Ramachandran Plot

eRamachandran plot for L-Ala residues

AN EE
+180 o
120 > Dark blue:
fully allowed angles
0
—60
=120
\ White region:
180 | i "~ angles that are not
—180 0 +180 allowed due to steric

¢ (degrees) hindrance (clashes)



a-BRTEAE 15

°Carbon

() Hydrogen

°Oxygen

°Nitrogen

.Rgroup . . .
=8 /KA
B - |F == e

m

(Wl (@l <
A
SIo
4>
(¥

4B BE

| KRR EEBERER
Carboxyl terminus (b) (c) (d)

(a)



Side chains

(a) B strand i
Side view © g/ (above) E
'?'96 [ B SN awS

B-+8 A #4518 ¥ A s

(below)

(b) Antiparallel 3 sheet

(c) Parallel 8 sheet

q‘% Wa




) m BT

Type | ,B turn Type |l B turn

$X 71\

 Not all Hatoms are shown in these depictions.



M BB ¥ ARAEBEIRM (flexibility ) W ZE

o M—EREMZE HEYBEFHFET?
o Mi—{EEEBZIREH{FMBNOEYBERHE ?
o SEMENREMKESIESa- 12 PAIMGERNE ?

V.

CcCOO™
H.N ('3 H « O
H H,C—CH,
H iz A Iz e
Proline

Glycine



EHE_ G EEAEERHER
EEI-\ —Ig mHE /\ﬁ EA:EB'E \ d)/m'i\'kl)
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

—lg 1 i
-180 0 +180

¢ (degrees)
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15 — ARAESHIR X 77 47

Fibrous Protein Globular Protein

M EH K2 EH
Blal - BIRER ~ aE Blal - xR - MAAER -
B #Es -  aER% - RER  REIXERS -

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
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Motifs 152 5=

(a) B-a-B Loop

. + &
Structural domains &5’
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“A native protein conformation is only marginally stable.”
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SHEGRARIERE

e Anfinsen= A Y & B

(T
N

Native Denatured reduced
X3 4=4 7Y
8M Urea: {22 &4 T SH
B-ME : Z/RE| 26¢_ 40
58
(a) HS
> N 65
Addition of 8M urea SH
and B-mercaptoethanol 72
110
84 SH
HS 95
Dyalisis of 8M urea
and B-mercaptoethanol b
4 4 (b) |
(d) (c)
removal of urea Reoxidised
and addition of a under .
minute amount of 110 denaturing
- 58 ditions
-mercaptoethanol 26 condi
——— _

65
. . N 72
Gomes, C. M., & Faisca, P. F. (2019). Protein
Folding: An Introduction. In Protein Folding (pp. 1-

63). Springer, Cham. Disulfide scrambled
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Mative ribonuclease &

+2ME| | =2ME
+ ured | | = uraa

BESREL - WIFMA
Iza:tilvef;ibun:g.eas;: u';ith ; E% %B __I- J//( E Fl:_tt LH TE

e ¥ (renaturation) - KR8
J =/ Az 7’|‘EZEE|/]’“§ 0]
| ML

Reversibly denatured ribonuclease A;

disulfide bonds have been reduced
Figure 4-2% Principles of Blochemistry, 4/
ice H

https://greatexperimentsblog.blogspot.com/2017/11/anfinsens-dogma.html
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«( Amino acid sequence of a 56-residue peptide
® 77 t, 5 'f MTYKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTE

_,Ji,.\n B>
A = “&mm T%

Nucleation-condensation model

A hierarchical pathway is shown,
based on computer modeling.
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Entropy Unfolded
A typical protein has multiple
possible folding intermediates
with significant stability on the
multiple pathways leading to
the native structure.

Energy

Molten globule Eﬁ}ﬂz ’%: E] ﬂ?

Native state

https://en.wikipedia.org/wiki/Folding funnel
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A. HEE H(chaperone)B M A & (family) :

1. Hsp70 ( ZAIAZEEH70)
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BENEEENEREMS

2. Chaperonin ( f#1B%= )
IEXHAE - HlWHsp6O
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Chaperones in protein folding o

£%.

o . N Folding N Native

intermediate protein

l )
T

ATP ADP

 NEF

Open Hsp70-ATp  NEF:nucleotide- o4 ish70-ADP
Low affinity exchange factor High affinity



Chaperonins in protein folding

(a) Folding intermediate (b)
delivered by Hsp70-ADP

W e & A
AP hydrolysis ‘app:

Slow-folding ~ Native
intermediate  protein (- .

"“{:@\ Folding intermediate
%y delivered by Hsp70-ADP
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B. Peptide proyl cis-trans isomerase (PPI)E &
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trans cis

&zt Proline isomers B
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Ribosome Cytosol

Unfolded protein ’&7

Correctly folded
protein

Transientintermediate T _C_

mixed disulfide <

Misfolded protein @

https://en.wikipedia.org/wiki/Protein disulfide-isomerase

By Tiphany C. De Bessa
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Ribosome
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o chaperones %
(Proteosta5| ) 5 Folding  — ~  Native —
- ~— intermediate unfolding protein u/
_J—J E2E3 ﬁ;lgi Nascent ’
polypeptide unfolding Pept|de
2o A )2 K . fragments
remodeling v degradation
chaperones — ublquitin-
_ % proteasome
gk system
disaggregation || aggregation . .
Misfolded 3 =
chaperones Eri(EnE— protein /i %/_E El @
aggregation
y
I 1
Amorphous Amyloid
aggregates Oligomers f|br|Is 28BN 8 5
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Peptide fragments
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https://en.wikipedia.org/wiki/Proteopathy#List_of_proteopathies

Formation of disease-
causing amyloid fibrils

Ve e=F i

ARAR

‘\' _)
- .
—— l’-' — ] b_] ' )
“'— ll J \-— 3
Native Misfolded or partially unfolded Denatured

Wl

Amyloid fibril core structure

Further assembly of protofilaments
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ttps://commons.wikimedia.org/wiki/File:Proteopathy Abeta deposits_in_Alzheimer_ disease.jpg



https://commons.wikimedia.org/wiki/File:Proteopathy_Abeta_deposits_in_Alzheimer_disease.jpg

2 %:;-l{ﬂ_jr%'::%(PHOn disease) 2@3%?@f_&c/!:z%Hkﬁ«(r(tr?nsmissible

spongiform encephalopathies, TSEs)

« Z M (prion: proteinaceous infectious particle)

o« I % AR RO A9 4 T (PrPC) i B2 SN K IE 38 B 1 T
(PrPSe) = &5 Z AL Prpse -

HpEF "IREIEL ~ "HESIEL - AZEE
(Creutzfeldt-Jakob disease, CID)

Cellular form (PrP€)

(LTI

=AW

Misfolded or “Scrapie”
form (PrP>¢)
H1

"“-‘m [+ Glycans]

o Unknown structure

o Rich in B-sheets
Cell interior o Insoluble

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



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

Stained section of cerebral cortex from autopsy of a patient with
Creutzfeldt-Jakob disease shows spongiform (vacuolar)
degeneration, the most characteristic neurohistological feature.




A

i

S a o ?
EHEABTIER
« (BEHEEEEEMERBER OIFHEH

o« BEYDEQE
An artist’s depiction of receptor mimicry. A SARS antibody (purple) mimics the function of

the virus’s natural receptor (teal), prematurely triggering (and thus deactivating) the
mechanism that enables the SARS virus to infect a cell.
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https://als.lbl.gov/antibody-uses-mimicry-to-block-sars-coronavirus/

A

{-é-*" Stator

Protein Data Base (PDB), Molecule of Month, https://pdb101.rcsb.org/motm/72



https://pdb101.rcsb.org/motm/72

ATP synthase in action

https://youtu.be/kXpzp4RDGII


https://youtu.be/kXpzp4RDGJI

SHEGBENG A

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

tissue cell organelle molecule

I I I I I I I I
104 10-4 10— 106 10~ 108 10-% 1070 m
resolution

light microscopy

ﬁ
scanning electron microscopy

ﬁ.
4 BT T BRI cryo-electron microscopy (TEM)

IN IR E
s H
2R NVR

P
XL B2 A B (X-ray)crystallography
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{2 8 (Protein Data Bank, PDB)FF {5 L

2014 July 2020 May
0.7 3.08

N

\

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

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



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

(1) X EaAe B4 (X-ray crystallography)

'*U; _X%?EE JB4FAm TP RFINESINE -
E5 R ES XL 4E B (single crystal X-ray diffraction) 4> 8% :

==¥=E)
=== %T%ﬁe% trial-and-error °

M AXICIRF LA B B E IR 545 aa /m;%%j% ;
T 482 59 B TP EE U &R I (unit cel|INEE 22 E 7

(electron density distribution) °

4. A _%%%)‘ET&%F@¥T§F§UEEC °

©

Single crystal Diffraction pattern Electron density map Protein model

lUI'.I

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

(2)1Z 4 3& (nuclear magnetic resonance, NMR)

'}$__F7<15-HEI/J = FEIRIBGE N IRIBERE E
Tz IR EE - MAR{E21% - *Jtls'
fE A EE T AR T B A S A S R
Z B %

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) /2 BREE T ZAMIIT (cryo-electron microscopy)

o B8 B8 M50 #T (single particle analysis)

pn:rtein purification negative stain initial model
. l . initial model re-projections

—> — Tl e
particle picking i ?;:;ltfnu:nq

cryo-EM

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
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Template Unknown structure
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modelling)

1B 45 TR
«[@]/R#21% (homology

« NI 28 =5 BiE>

h._ | Query (target) sequence 35%’3&%@&}%5”_?& @E)EE

ELAIGILTVSYIPSAEKIR

' Sequence allgnment )
' ‘ ELA—IGILTVSYIPSAEKIRAP ELTI ‘
Q—*’“;

Structural model

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

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

e Accuracy and

application of protein

structure models.

Predicted structures in red,
actual structures in blue.

[BRIZETS

NGV SRR Rl
>RRIBPEEL

Baker, D. (2001). Protein Structure
Prediction and Structural Genomics.

Science, 294(5540), 93-96.

/

de novo prediction

NMR, x-ray

Comparative modeling
% Sequence identity

Threading

100

S0

S
[
L
0=
=
L
[ ]

30 B

- |

L

[

(=]

=

Insignificant sequence similarity

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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BoRe B4R S U FA
ficss - B 'XZ«_-i(Iigand)

c SEEAERE EA Ol (reversibly) & S F -
U2 nF - EFEMNERE -
o« 25 S I (binding site) :

« EHE _FHEEAEETHAS

SNIES -

o X/~ HoAR ~ BB - Ligand

7K /FR7KME B 8 - n
-E—'E(speufluty) & Binding Site 7

Bo IS ED T
EJEEEE“DT:T“ BY,

/,

Protein with
Binded Ligand

Protein
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" Oversimplified view

(lock-key) ‘ + . —>.

w

(b) Two widely accepted models
PaN
77 S e

e " @ — Qu—@
L s
(induced-fit)
e @-Q-€.
(conformatlonal .

selection) .—r .4-» o

\I

Occurrlng In some cases

Iglesias, J., Saen-oon, S., Soliva, R., & Guallar, V. (2018). Computational structure-based drug design:
Predicting target flexibility. Wiley Interdisciplinary Reviews: Computational Molecular Science, 8(5), e1367.

=T

(allosteric model)




1.0

# 0.5

& AB BRI A S RIFR A 7] (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) FRAIZ= 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

= = N delicate balancing :
iFl"ﬂ:’ﬁR(C()) acts in the body, the N ——
_/%_Tl,'fb%(NO) cradling of oxygen ¢ histidine

e in hemoglobin.

N

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

COHMAIEHA TSI iEHRR
(oxygen deprivation)

pO, in pO, in
tissues lungs

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

What is the difference?
SW%COHb//

v
Anemic individual

=il

0.2
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sHf

o | 41 &5 5 (myoglobin, Mb)
« BB —ZZRRAR AX
« £ H1531E MG E L
e 78% M ERE U N a- 1R TE

(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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1B A B 2R A TR A

& (steric effect)

o
anh]
e
=

distal His
His E7

Phe CD1

K4(CO-free heme) = 20,000 x K4(O,-free heme)

Steric effect of distal His
proximal His - Reduction in CO binding

K4(CO-myoglobin) = 200 x K,(O,-myoglobin)

His F8
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o MMAT&EF (hemoglobm)
o X AMMALEE EBARMTELKEE H(globin)#B AY - MtE
2ZRR50% X__HZIE EQKH BER4amalRAEM -

o [JU 2R %5 175 FH W 4[] o 322 E21 E23 ol {[& B #48 P 2B X, -
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Myoglobin 3 subunit of =
hemoglobin https://themedicalbiochemistrypage. org/hemoglobm and-myoglobin/
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« Val FG5

Helix F

T state R state

His HC3

Low affinity state Tstate rstate High affinity state
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(cooperative binding)

¢-l~

pO,in pO,in
tissues lungs

1.0

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.

0.8

0.6

0.4

Low-affinity
0.2 state
0 I I
4 8 12 16



b ] Binding I Unstable
; site B Less stable

Binding B Stable

LA 18 [BIAF A

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

IJ

« {1725 H (allosteric protein) S

Tz:zJ:@E % EAE
JNIEEY - IESHEACHS
TR A0 7]

Lu

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.
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D 3-__Thpg

0 0O
N C//’ 0

H—(ll—O—%— o
H-GH O

0

_O—I|’= 0)
o
2,3-Bisphosphoglycerate

2,3-_MWifE H Mg (BPG)

\
/

Binding pocket for ¢ 0.5 -
BPG disappears.

T state R state

N 5_& jj —
HBZRY R [0 153 [ 1F
e Effect of BPG on oxygen binding to hemoglobin
pO, in pO, in
pO- in Iungs* lungs *
. tissues (4,500 m) (sea level)
=R ?
| | |
1.0
BPG = 0 mm //“.—.T %
38%

ot T~ BPG TE mM at sea level
p |
« "~ BPG = 8 mmat high altitudes
¥ ‘ (4,500 m)
0 1 |
A 8 12 16

pO- (kPa)



TIEIKER  BERX 1R
« 2 IZEKE H(immunoglobulin) X & 182 (antibody)
« RIEIKERG(IgG) 2[R (antigen) N AE S

£ ## (heavy chain)
B 3
(light
chain)
Antigen

-S-S- L L o

g Antibody Jf-‘m’cigten-;a:li.'ibn::rt:lg,.lr
complex

lUI'.I

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.

HaEflS
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« BlU0 : FFEIER - |k~ NS EEIRKIER -

(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.



e bkE B U a2 IR RVINIR ?

Heavy-Chain Genes ~ Generation of Antibody Diversity Light-Chain Genes

At

VH : JH e Vi Jx Ck

(~80) (~30) (6) () (~70) (3) ()
V1,V2,V3,V2,Vn gD1;D2;D3;D2;DngJ1 32 ; Jn gCry €5 Cx S V15V2, V3 V2, Vingg J11J2 pjn o Cicd

D —=* i rearrangement Vk — Jk rearrangement

Exonuclease deletion
N addition (TdT)

g V11V2,V3,V2,Vi D2 J14J2,)3 )0 JEC1uyCO 1 Cxy
\

Vy—> D—Jyrearrangement

l

V3 )L J23)3  Jn guCig
\

DNA rearrangement

Exonuclease deletion
N addition (TdT)

S8 V3 021 B2 )3 ) X CiChCry
Rearranged DNA

Transcription

Rearranged DNA

Transcription

RNA splicing RNA splicing

LREV3 D2 |1 Cu V8 J1 Ck
mRNA mRNA

Tranilation Translatlon

Variable region

Schwartz, R. S. (2003) l

Vanable region
New England Journal Th ‘

Constant region 'n‘]
of Medicine, 348(11),

1017-1026. Heavy-chain polypeptide Light-chain polypeptide
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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.

IILU

2. RIGERA
(BN m=50%)

Western blot

Purification of a protein
kinase.

Formation of colored *

1. BRESRERM DA -
Enzyme-linked
immunosorbent assay (ELISA)

Test for the presence of
herpes simplex virus (HSV)
antibodies in blood samples.

1 2 3 4 5 6
-974_
-66.2-
e — —
=450-
=310 .=
Coomassie ~ 215~
blue stain 144

SDS gel Immunoblot
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Capillaries WME
Muscle fiber | 4 4
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Myofibril |band A band
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Bundle of
muscle fibers
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Z disk M line Z disk 1.8



NE=Emaain | MUScle contraction

Thi" Thil:k = dra= .
filament filament Rl 3E= myosin

(b)
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, O
Two forms of actins: O
. . ©o ©
 Monomeric, globular G-actin Monomers
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Space-filling model of an actin filament (shades of red) with
one myosin head (gray and two shades of blue) bound to an
actin monomer within the filament

Myosin head

Actin filament
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