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Lys (lysine) Val (valine) Phe (phenylalanine) Gly (glycine) Arg (arginine)
hydrolysis of casein isovaleric acid sweet (ghkys) makes salt with silver

(argentum)
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Cys (cysteine) (cystine) Glu (glutamicacid)  Leu (leucine) Ala (alanine) Met (methionine)
separated from kidney stone (4ysti) richingluten makeswhite (leukos) alcohol aldehyde  methy, sulfur
planar crystal (theion)
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His (histidine) Asp (aspartic acid) Asn (asparagine) Tyr (tyrosine) Ser (serine)

tissue (Aistion) related to asparagine from asparagus from cheese (#ros) from silk (sericum)
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Trp (tryptophane) Thr (threonine) GIn (glutamine) lle (isoleucine) Pro (proline)
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A (Protein Synthesis)
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Peptide bond

In 1943 the basic
principles of protein
chemistry were firmly
established.

It was known that all
proteins were built up
from amino acid
residues bound together
by peptide bonds to
form long polypeptide
chains.
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Twenty different amino
acids are found in most
mammalian proteins
and by analytical
procedures it was
possible to say with
reasonable accuracy
how many residues of
each one was present in
a given protein.




11-3 CHHZI Z1R (Protein Structure)

2L} (chudzl) 221 LHoj|A O] S Practically nothing, however, was

known about the relative order in
z L ot & o . .
S22 o =M E Ui 25|0f which these residues were arranged

U= He| LA A|A| LULE, in the molecules.




11-3 CHHZI Z1R (Protein Structure)

D E clui2ig| 7{o| 22 ojo|i-AtS  This order seemed to be of particular

S B0 Sa)xd importance, since although all

_E = Sh=dl= =7stl =21, proteins contained approximately the
ettt JAO| A CIE AS E™H  same amino acids they differed

0| £AM7} 0L =235 A ZHotc}, markedly in both physical and

biological properties.




11-3 CHHZI Z1R (Protein Structure)

12} = (primary structure)
- amino acid sequence
22} /L2 (secondary structure)
- alpha helix, beta sheet
32} 1+ (tertiary structure)
- 3-dimensional structure
42} 2 (quaternary structure)
- subunit




| 12} £ (Primary Structure of Insulin)

ol&210|L} C}2 cluiZio] 2|2 In order to study the free amino

= AFMI=l = ALELT] ol = groups of insulin or other proteins, a
Otblx=71S SMIs| ZALSH| #laf general method for labeling them
ofo|:k=7|0f] EA|E &E0|= YAl was worked out.
HHH 2. JHHESHC] This was the dinitrophenyl (or DNP)

method.

0]|Z10] dinitrophenyl & o0|C},




= 219] 12} L2 (Primary Structure of Insulin)

O tl AFEEl 1:2:4
fluorodinitrobenzene A|2k2
Chui 2oL} HElO| =2| AL

Ol0| 7|2} UF25HA| DNP S =X|S
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The reagent used was 1:2:4
fluorodinitrobenzene (FDNB) which
reacts with the free amino groups of
a protein or peptide to form a DNP
derivative.
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http://en.wikipedia.org/wiki/File:Sanger_peptide_end-group_analysis.svg

| 12} £ (Primary Structure of Insulin)

DNP-CHH2IS Alo 2 The DNP-protein is then
y P L VPN . subjected to hydrolysis
T = — =2

with acid which splits

|
SEfO|E 8= N the peptide bonds in the
=0 A| ! N-2FCh \@\ chain, leaving the N-
o i X X
247|= DNP-SE3|2 N terminal residue in the

= N o form of its DNP-
=2 =t 0™ Yo derivative.

DNP-Phe
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= 219] 12} L2 (Primary Structure of Insulin)

DNP-SE 3= e L2kl 2212 The DNP-amino acids are bright
yellow substances and can be

= FO
OlE| 22 2&5HH 722} 5|2 32 separated from the unsubstituted
oj0| 4tS 25 E 2| EIC, amino acids by extraction with ether.
DNP-SE3|= 1= O}El J2|n They could be fractionated by
AO| H}2 £QI5t By partition chromatography, a method
© Skl which had just been introduced by

Jz0rE2 o] WHez Fe|gt £ Gordon, Martin & Synge at that time.

OMIE}.




| 12} £ (Primary Structure of Insulin)

A Cl2o2 DNP-SE3|= sHA The I?NP—amino acid.s could thgn be
DNP-S.E3|2} identified by comparison of their

m chromatographic rates with those of
AR0rE]I|0|ML] 0|5 £=F  synthetic DNP-derivatives.

H| D5l A Stolst £ olr}.

}
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| 12} £ (Primary Structure of Insulin)

B AF29| DNP-S 3|2 2421 35] When the DNP derivatives of fraction
J}AES S M= DNP- B was subjected to complete acid

Tl ME AT hydrolysis, DNP-phenylalanine was
H|'d geflo] Hoj At produced.




= 219] 12} L2 (Primary Structure of Insulin)
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If however it was subjected to a
milder acid treatment so that only a
fraction of the peptide bonds were
split, DNP-phenylalanyl peptides
were produced which contained the
amino acids residues near the N-
terminal end and by analysis of these
peptides it was possible to determine
the N-terminal sequence to four or
five residues along the chain.



= 219] 12} L2 (Primary Structure of Insulin)

It was concluded from these results

ojH ZI=2FE Azt ; ;
that all the N-terminal phenylalanine

LiokalL| 2 N-BIC} Z2}7|=
Hig&etd 5 N-ZH '—|'7|='— residues of insulin were present in
Phe-Val-Asp-Glu &A|2 S0{U= the sequence Phe-Val-Asp-Glu.
Aoz ZEAULL,




= 219] 12} L2 (Primary Structure of Insulin)

CHIHRI BT AL M J12| TElO|E Protel?lyt;‘c enzymccals are mucI:h n}ore
= J—— specific than is acid since only a few

250 = S0 A : .

== &S Zollot7| WhEof LHEC of the peptide bonds are susceptible.

g4 6 £0|&o|ct, They give rise to larger peptides

23t GASLS B} 2 mHEl|E ¥vhich in gertl)eral are more difficult to

ractionate by paper
AMMSL= 2] ml =
o o°|'u_|:'". OI H uEI'OI—u_ ool chromatography.

3 20}E 2|2 Ba|5t7|7}

O &Lt




| 12} £ (Primary Structure of Insulin)

O2{L} o]ai miEjojE= =227} 21 However there are relatively few of
[2A (BEHO|=2]) Z28=
EZPEI.EI.

o o them so that the mixtures are less
=== complex. ...




=219] 12} L2 (Primary Structure of Insulin)

B, EEAM, FI0|REZ LS By studying peptides obtained by the
z{2| ol M el HElo|ES - action of pepsin, trypsin and

i chymotrypsin it was possible to find
Z Aol A 02 7}A] A O"50| O{¥A  outhow the various sequences were

Hj D £|0f Ql=2|= 2tojsHin arranged and to deduce the complete
H|LiotapLl AFRo| M| M-S sequence of the phenylalanyl chain.
Z2YE 4 AUCL

| A-Thain 21 amine acids

Gly-Ile-Val-Glu-Gln-Cys-Cys—-Thr-Ser-TIle-Cys-Ser-Leu-Tyr—-Gln-Leu-Glu-Asn-Tyr-Cys-Asn

The-Val-Azsn-Gln-His-Leu-Cys-Gly-Zer-Hisz-Leu-Val-GClu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu

. . . |
E-Chan 20 armmne acids AL
ThrILys—Prn—Thr—Tyr—Phe—Phe—Gl




= 219] 12} L2 (Primary Structure of Insulin)

= Jtcko] MY RAFSH HIZ = Examination of the sequences of the

two chains reveals no evidence of
] X20| = OoF T e :
o S72l 7|= 20JA] T, periodicity of any kind nor does there

2712] B 2| A-5t= o 7| &2 seem to be any basic principle which
Q13| & Q1= 74 2+z| oo} Holr}, determines the arrangement of the
- residues.
=o ozjo AEg| 712{ad .
1= 7 ""'I_E dad *7':| = They seem to be put togetherin a
Ho|=t, o] =2&9| Fst M| random order, but nevertheless a
2k20| 7 2A{0]| o5 AAE|o2 unique and most significant order,

since on it must depend the
important physiological action of the
hormone.

22 Solst1 02 2ok ME0|Ct,
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Chet wARe H+2| 28 E0lF=0
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The determination of the structure of
insulin clearly opens up the way to
similar studies on other proteins and
already such studies are goingonina
number of laboratories.

These studies are aimed at
determining the exact chemical
structure of the many proteins that go
to make up living matter and hence at
understanding how these proteins
perform their specific functions on
which the processes of Life depend.
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CHHZIO| o{217} 22 2o F|= One may also hope that studies on

HEI2 HFELHD © ol L a3 proteins may rgveal changes that
dehs Feitial, £2|32| =30 take place in disease and that our

AR BCt AA|H2= 2t8E & efforts may be of more practical use
ol7|2 7|LhsiE ES Z40|C}. to humanity.




Review

A key idea in science is structure
Like the molecular architecture,
Because it determines
The essential function

For example of enzymes

In action.




