Chapter 2 OHOI-4L HEIE & CUiA

(Amino acids, Peptides, and Proteins)
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Amino acids and proteins

Objective

- What are four levels of protein structure ?
- What functions do proteins have in living organisms ?
What is protein denaturation and how does it occur ?
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pl (SMA, isoelectric point)
Hemoglobin 1t myoglobin JIs % XI0IH
QoI &10F AEI0) et &Y
Hol0|=Ed HHZ(Ninhydrin reaction)
O] AE(folding of protein)
Glutathione 1t vasopressin o] X 2 JIs
HItH&E S A (asymetric carbon)

WHEIO| 2Kt X
Z¥(cooperating binding)
OOl EF X disulfide bond

J=
A

© O N o g B~

—
©

ool o2 rg
114
10

@
0g

B 03 2
it
(=)
=
How

O
12

—r
N

domain

3
S 2=y

X

=

=

:

x I
Jull

rr

=
toh

g
=
[}
0
=
=
(=4 0...

o
>
02
g
I
&
E
02
"

&
e
1o
I

d Z I

oir

—
D

. 20l 21HBohr effects)

. A2kt Al (keratin and collagen)

. =X AHHIE(molecular chaperone)

. PXQE|X| 852 THMA (unstructure protein)
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Il. Peptides

. polymers of amino acids

1. Peptide bond
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Peptide bond N-terminal C-terminal

Oligopeptide(=2] L E} o] =

- Polypeptide (MW : 10,000°] 3})

Residue(t7]) @ gl Ao A o] o}n] =2}t units

Sk7) o] Abe] carboxyl or amino groups 74+ olv]| At S o] 23l U

@ _ o
N
—G H —C H
ENAYS ENE % 0
—N =N

ZE N P TN )

D 5 — o c— m
(@ 1 2 >

a -Eln

"ne

") 9 9
OQ_E&

(b)

2 arget

ofojl= ™

2. Primary structure determination(1x} +ZZ2A)

Polypeptide?] o}v] =4t <A (amino acid sequence) 23

1) N-terminal identification (N-2¢+ ZA®)
(D Sanger’s method (DNFB)
a-amino acid + DNFB — Yellow DNP (dinitrophenyl derivatives)
| hydrolysis (6NHCI)
Chromatography



@ Dansyl chloride procedure (DNS -Cl)
a-amino acid + dansyl chloride — Dansyl amino acid (73 &334)

| hydrolysis
Chromatography

% Sanger’ method X.t} 1008 sensitive &)t}
® Edman degradation
Peptide + phenylisothiocyanate (PITC)

l

Phenylthiocarbamoyl (PTC) derivatives

! hydrolysis
} mild acid conditions (FsCCOOH)
Phenylthiohydrantion (PTH) + Intact polypeptide

(derivatives) (AP BT ofux=At 1747 B A)

2) C-terminal identification (C-Z 24 )
@D Hydrazine &3} (Chemical method)
Polypeptide + hydrazine (NH,-NHs) — [Amino acyl hydrazides] +
[Free amino acid]
@ 7hal &4 o] -89 (Exopeptidase S ©]-&)
- polypeptide®l| 4] terminal residueS ¥ 3l 3}
- Carboxypeptidase, aminopeptidase 5 <& ©]
@ Tritium 3}H

- C-gd opm=gte] qfA 8] FAE YA oR WAMY titiume® W E

St hRastel ot fel FAsE W

3. @ F9 3x 7= T3

- Peptide sequence analysis

- Polypeptide chain®] #2]a}7] 93l

- Native protein®] conformation 84S ®WX|3s}7] 93] 3x7+% 37
1] Disulfide bond (S-S)2 Z0H

- cleaved oxidatively by performic acid

- cleaved reductively by mercaptans (dithiothreitol, DTT)

...... Cystine =+

< 2-mercaptoethanal

| < Dithiothreitol (cleland’s reagent)
Free sulthydryl group

| < Todoacetic acid # ]
Alkylation



+ Alkylation : @ 0:9] Atslol 9|3 disulfide bonde] FA S A3
@ 7] % peptide bonde] Fafo %= <+H

2) LU=t A (Protein denaturation) : +AZEE O
- gl o] 3ax27F 9 H = B4, peptide A3 I E oH]| 3
- WML - A2k = AT, fr1E, AAlL 9 TR, 55 o, del

= o -

ot WA 7AA 2E# 2 394 (Urea, B-mercaptoethanol)

o)1

.

AN

4. Specific peptide cleavage reaction : endopeptidase

TABLE 3-7 The Specificity of Some Common
Methods for Fragmenting Polypeptide Chains

Reagent (biological source)* Cleavage points’

Trypsin Lys, Arg (C)
(bovine pancreas)

Submaxillarus protease Arg (C)
(mouse submaxillary gland)

Chymotrypsin Phe, Trp, Tyr (C)
(bovine pancreas)

Staphylococcus aureus V8 protease Asp, Glu (C)
(bacterium S. aureus)

Asp-N-protease Asp, Glu (N)
(bacterium Pseudomonas fragi)

Pepsin Phe, Trp, Tyr (N)
(porcine stomach)

Endoproteinase Lys C Lys (C)
(bacterium Lysobacter
enzymogenes)

Cyanogen bromide Met (C)

*All reagents except cyanogen bromide are proteases. All are available
from commercial sources.

TResidues furnishing the primary recognition point for the protease or
reagent; peptide bond cleavage occurs on either the carbonyl (C) or the
amino (N) side of the indicated amino acid residues.

Br
% Cyanogen bromide (C=N ) : Methionine %719 Carboxyl & Z&
ex) Peptide + A]o}x=ZAlH 2 w}o] = (cyanogen bromide)
—  Peptidy homoserine lactone + Amino acyl peptide

5. 4E38t3 &Ao] & Oligopeptide (dipeptide, tripeptide, oligopeptide)
1) Glutathione (r-glutaminyl cysteinyl glycine) : Zd8T9] Ak3}l7 &4 HHR]
- 2 GSH + H20, — GSSG + H20
2) Vasopressin i1t 0xytosin : nanopeptide
- H3l5A oA A H = nanopeptide® C-(Zeh) ol amide group=
gHf-3te carboxy peptidase0fl CJoHAM 2HEIXI 8=
* Vasopressin (Fo|x3 2 &) 4 AL ¢= — g?} A%

* Oxytocin : B&29 F5, £/ A9 £HE F7}



3] Insulin : peptide hormone (51 amino acid)
- 7% : A-chain (21 a.a). B-chain (30 a.a)
- 7% @9 2E(28IA EH)

4) Asparatame : 3775 (L-asparatyl phenyalanyl methyester )
- AgRY 2008 o &

5) Gramicidin S : 10 amino acids
- nEFZEgol BRI &5t HHE A=A, Naet H+ 754
- gt ASS AEtA Adlste FAA

— AWAIF 1 Bacillus brevis

6. oFr] =AHE A (amino acid analysis)
1) Ab 7F2el

- Protein —————— — amino acids(3EToFv] =4h)

- hydrolysis(7}+#3) : 6N HCl, 110C+5C, 18~24 hrs
- Trp : destroy
- Ser, Thr, Tyr : ¥ 753

2) obm =4t BA7]7] ¢

7
- AFo}bm = A E A 7] (automatic amino acid analyzer)
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Fig. High-pressure liquid chromatography (HPLC)



lil. Proteins

* Protein®] ¢ : derived from the Greek "protos” first or foremost )
718 A G$] ¢ L-amino acid, ¢F 2091 &
* P 24 1 C, H O, N(16%), S(3%), PA%)=ZHA +4

1
Protein & : N(%) x 5767 = N x 6.25 (29 crude protein)
Nl

+ U2 Information pathway?l J1& =3t final productOlCt

*

*

1. QUi xio] M=E5tM 7|5 (Biological functions of proteins)

1) ZHWJIs - 824(Enzyme)
2) SUIHUHEL - 1 Mb, serum albumin, lipoprotein
3) KEEHHE

- Ovalbumin (egg white®] FQ vhul=2l)
- Casein (milk), prolamin
- Ferritin (FeA 7 &)
4) FH(ST)HMAE (Contractive or motive proteins)
- Actin, myosin (filamentous protein) : &% 3¢
- Tubulin
5 XU

[ |

- Collagen (fibrous protein), Keratin, fibroin
6) HYHUA

— Antibodies or immunoglobulin (1< w1 4)

— Fibrinogen, thrombin : blood clotting protein (& o-g-a1chu] )
7) AEHWME

- Hormone (insulin), Growth hormone(X &< 2 &)

- Repressor (& #]¢Hul2)

¥ receptor protein (=& )
8) Other proteins :

- antifreeze protein

(b) T
Luciferin Erythrocytes Keratin



MO

2. 2 I(Classification)
1) @ Pz o3 B
@ Globular protein (7 @9 &) : cytochrome, hemoglobin
- tightly folding, water soluble
@ Fibrous protein (AFAF whulzl) @ A 22 5 Keratin, collagen

- arranged along one axis, water insouble

:
=
i,
N
oX
2
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ot

B =
T

- albumin : serum albumin, ovalbumin
- globulin, glutelin, prolamin
- histone, protamin
@ AE @A (conjugated protein) @ T T A + nonprotein(E A A}
- Phosphoprotein, Glycoprotein, Metalloprotein, Hemoprotein, Lipoprotein
« QP T E(apoprotein) : 2 A Aol gl Tl
« MO holoprotein) : B A EAGS 7 AL gl @l

TABLE 3-4 Conjugated Proteins

Class Prosthetic group Example
Lipoproteins Lipids Bl-Lipoprotein
of blood
Glycoproteins Carbohydrates Immunoglobulin G
Phosphoproteins Phosphate groups Casein of milk
Hemoproteins Heme (iron porphyrin) Hemoglobin
Flavoproteins Flavin nucleotides Succinate
dehydrogenase
Metalloproteins Iron Ferritin
Zinc Alcohol
dehydrogenase
Calcium Calmodulin
Molybdenum Dinitrogenase
Copper Plastocyanin

3. TMEO| X (Structure of protein)

gl 2 VTS 2A
1) Primary structure (1} +%)

- polypeptide chain® amino acid &

- protein ¥} polypeptide ¢}2] 3AS HE MWI10,000S 7|+
D Peptide bond= &l olste] FAHH =%

C--N single bond: 40%<] double bond A 2

C=0 double bond¥ 40%%¢] single bond 4 &



@ PA = ek AT Z(Configuration and conformation)®] 4
* Configuration : stereoisomer ©l| 4] substituent group® Q|7 E, ol &
A2 & one or more covalent bond®] breaking§lo] &
A =+ gk
ex) cis-trans isomer
* Conformation : bond®| breaking®le] A bond®] A-F=ZE 3]z olst
of A3 Wstd e AATEY g
ex) ethane 73gtgt 9] conformation 7}
@ polypeptide chain : 38tgt 2] conformation”}-s
* biological 48 pH, tempe AAA el Z7 A conformation®] &S 7}
* Polypeptide bond — stretched out or randomly arrange

l

biological activity =4

2) Secondary strucutre (2Xt 2 X)

x* a-helix (a-UM F?X] : right handed

* R-pleated sheet (/-8 S+ X)
— 38" 3EZ(paralled B-pleated sheet)
hE|

4 & W 3= 91 % (antiparallel B-pleated sheet)

|
_IRO

® a-helix [called by Pauling and Corey)
- 3.6 a.a /turn, right handed
- N-Ca rotation : ®(phi)
Ca-C rotation : W(psi)

- 0.54nm (5.4A)/turn

- 0.15nm / a.a residue(o}n| =4 27 3)
* Single stranded a-helix : 4nm, %! # : 100nm
# a-helix7} B 74 a1e Ql+= A

- Keratin (hair), myosin (muscle)
* a-helical coil of a-keratin

- 3~6701¢] a-helix’} A& #9 disulfide bond=A 92
* a-helix$F=#< protein®] &l wet v &

- Hb, Mb : tIF& a-helix

- Chymotrysin : virtually devoid of a-helix
* Helix breaker : Glycine, proline

- O, W Ztg qrAskA XS



1A06 1BCF 1GAI 1ENH

Serum albumin Ferritin-like «/a toroid DNA-binding 3-helical bundle
Serum albumin Ferritin-like Glycosyltransferases of the Homeodomain-like
Serum albumin Ferritin superhelical fold Homeodomain
Serum albumin Bacterioferritin (cytochrome by) Glucoamylase engrailed Homeodomain
I Human (Homo sapiens) || Escherichia coli Glucoamylase W Drosophila melanogaster

i Aspergillus awamori, variant x100

@ @S X[p-pleated sheet)
* B-pleated sheet : fully extended 0.35nm,a.a Z+7]
antiparalled B-pleated sheet
* a- helix : tightly coiled, 0.15nm,“a. a 37|
x 93] (reversing turn) : glycine
* Collagen : left handed

(b) Parallel (a) Antiparallel
!UE,W!‘ B L
l !Q'.ﬁ!ﬁ'.‘.l!!@

N
/
\—

Table. Approximate amounts of a helix and B conformation in

some single-chain proteins

Residues(%)
Protein (total residues)
a Helix B Conformation

Chymotrypsin 14 45
Ribonuclease 26 35
Carboxypeptidase 38 17
Cytochrome C 39 0
Lysozyme 40 12
Myoglobin 78 0




3) Tertiary structure : 3Xt #ZX9 oFH A
O vEF2a%
- 2 A% (hydrogen bond between peptide group, or R group)
- o] 2A3}H(Ionic bond) : 74 2§
T4

b

912 (Hydrophobic interaction between nonpolar R group)
-8 3/ &%I(Covalent disulfide bond)
o] 327 v=n

& Wyl gl TR N5 P

= @5 1

(<

O S
O
@ L.
&0| HAMO| /2! : boiling, organic solvent, urea, detergent,

PHIZ L, ZdJN), S3=, JHIA AEYA

m e =
= o o)

* Renaturation (A 4))

® OHlI:=&t =M= 3Xt 128 ZFCHLL.

4= 2o
- bt &A= DNAZIIMEERE 28
g

- obrldt A Fad AR

O Three-domain found in several proteins
(= Fig. 5-19 MCKee, Biochem)
a) Helix-loop-helix : EF hand form, Ca®' 3 2%
b) Zinc finger : DNA Z%} protein, DNAS} 43 28
cysteine 27152 Zn ions o Wik AR AF
c) Leucine —Zipper : DNA ZA3% domain
= Domain and region : AXH XN FQY, [A0| HYFH
4) Quaternary structure : subunit® &7
. Subunit® AFH 271 o149 polypeptide chain®. & T4 ¥ o] ¢l
O &% 42 FZ%(homogeneous quaternary structure)
O o]% 42+ - Z(heterogeneous " )

« ASCHIOligomer) : =5 A7) Y3 UsAwks] el (multisubunit protein)
-1 & 270 o)) Ad9E A9 J|2 YMllprotomer)= = o 2t
- Zg Aol =9 Av9= BQuAIEZE 2 H

T oTT

=] e}
2 HIZRF) st A9
Primary Secondary Tertiary Quaternary
structure structure structure structure

Amino acid

« Helix Polypeptide chain Assembled subunits
residues

Fig. Levels of structure in proteins
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4 549 wude) 72

1) ded QMA@ o YHdy =% -T2

@ a-Keratin : We|7}e}, &, 95, &, ERATE2E S30e o=t )
@ Silk fibroin : B-keratin(fibroin), B-H¥% 7% (Gly, Ala, Ser)

@ Collagen : 37H9] MM LIMPX(left-handed polypeptide helice)

- HFFEAA 7P FH G E Gly, Pro, HO-proline 714 F4-3lth

2) AN
- including enzyme, transport proteins, some peptide hormone, and immunoglobulin
@ Cytochrome C : Fe &g, MXI ME0 &0
@ Hemoglobin (Hb) : BIZSZHI
: Hemoglobin binds oxygen in the lungs and release it in peripheral tissue
- TX 1 a2B2 [tetramerl EHOHaz721
- 200 ml Oy carry,/ &4
- 402,/ 1mole Hb, (5™ Hb, 96% AtA= 23l g9 Hb; 64%9F 24 X3}
- Hbe 449 WEHN ZEghcooperative bindinglE& StCt
% WEA ATl F BEAY Aavt Hoel AFshd b F aA
g2 U5 g4 29T = A Aok
O Bohr effect : Hb2l &A0Hcl= pHIE ZA0HH 000210t SJIol= gd
— 5—11‘4. . Hb_O_ }\]—/\ 7é
- 45 S  Hbe tawE > HAH, pH #4a
O Hbo| AtA XIBH=(] OIXI= HY, €00 S
- H, CO; 7F= Hbel 3R X8 WU A Ak
- Mb H, COp ol 43S A &&

2

ST

© 2,3-bisphosphoglycerate (BPG) : HbQl ZZAHIE 21X}

» HbO| JIsS&8 =&, My O3es

* BPG &A= Hbel bl ek 33kE & AskA| i

«* BPG2} deoxyhemoglobin®] cross-linker(Hb <F4 3})

* BPGOl 93t Hbe] AHAAgz el 242 Holdo] FQ3sh o3t 43
@ Immunoglobulin G (Ig G) : Glycoprotein

- 7% 93 2F¥ste EHGNFARE AYT] T

- 7% . light chain, heavy chain : 500 a.a
@ Muscle protein

- 2948 Fr(myofibril) & g3t QL

- Z&(sarcomerels 712992 A H] Sl

B 52 A f(thick filament) : Myosin

m 7} A f-(thin filament) : @Ctin, troponin complex

_11_



+ Sliding-filament model
» 25E2 a4 ATPE 27

5. Protein folding (&4

: Protein folding= @&l Fx& <A A A,

O Molecular Chaperone (X}

- AyG A HIL =2 2EY2E REFHOZ Fojx w@uldo]
refolding & A A gt}

- FERAFEL e AR ST B

HS

i,
Lo
i)
ot

=
=
LU
1

=
HT
fot
p2

ex) Hsp70 : @ A2 heat shockZ%E H 5 d= g
Hsp60 (chaperonin) : ribosome S ZH-E] W&y vz s = o)z REZ
o2 HF v dFdHASo] G A HIEE Fvh
O AXPIEIX| 242 S E(unstructured protein) : Y& +x38t¥ x| gk whud
- 7% AZAG, AN HEgY AEFH TF 22 J4HES =4

6. Exploring Proteins (EHHA &)
1) @8] A
O F= % 7H&3t
@ YAM(salting out) : AFE H7bstel Slles HaAoRAM S HA
@ 718wl g JAHA
@ %A (dialysis) : WIS o] g3l X
A EES Xﬂﬂ@}%
® Column chromatography : @92 AAlo] 7} a4 o=z A}
© ion-exchange chromatography(ﬂ%ﬂﬂ AEnE 1Y)
- @ o st u £
- AAS A e dNde pH £ d FE5F AIANA AA
O Gel filtration chromatography(Z 3 I ZvwlE 12 y))
- A ATl wEt Wi ES
- 2 column resin : Polyacrylamide, Agarose, Dextran
© Affinity chromatography (32 2ZntE 18 9)
- Gl AdY I/ AETH EHS o]&3d AASGE WHoE @
A7 TEEALo] 9] | o-n-éﬂ"a— o] &3t # gt}
2) Protein electrophoresis(94%d A7 49 %)
- 12 "A7199% : SDS polyacrylamide gel electrophoresis (SDS-PAGE)
- Isoelectric focusing and two dimension electrophoresis
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[Affinity chromatography]

Gel filtration(Z22041h

]
Liga

&

Protein of
interest

nd

\
%%‘ -
Mixture
of proteins

Solution
of ligand

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

—

Unwanted proteins g . ;

are washed through E; s
column. 3456
[CE M)|gsil X

Well
Direction

of
migration

!

11X MBS

,‘
|V

.

(=211
it;‘r} |
i -
dimen:;;sr: ‘ 11 Decreasing
. B
Isoelectric ‘ i
focusing I
et
—./|
&)
=/

DIBD D))

Isoelectric focusing
gelis placed on SDS
polyacrylamide gel.

Second
dimension

SDS polyacrylamide
gel electrophoresis

My

Decreasing_» .
pl

|
Decreasing

Porous
polymer beads

Protein mixture is added
to column containing
cross-linked polymer.

&l . .
Protein of interest ®
Ui eluteld :’,y ligand Protein molecules separate ‘
7 solution. by size; larger molecules 1; :i |
pass more freely, appearing o ‘S %5 €
in the earlier fractions.
=XH]
- o
1 2
i oL L_f]
- =
-=_ ) Unknown
R==._ Myosin 200,000 @ .
1 protein
= B-Galactosidase 116,250 | -
= Glycogen phosphorylaseb 97,400 | e E
I - Bovine serum albumin 66,200 || e o
Ovalbumin 45,000 || e 2 i
- —
l Carbonicanhydrase 31,000 | s
Soybean trypsin inhibitor 21,500 | ===
Lysozyme 14,400 | e
[ | ee—
® . . .
L b4 M,  Unknown Relative mlgratlon

standards protein

—-— Sas

[ Two dimension electrophoresis ]

_13_



