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Fredrick Sanger — developed first N-terminal determination
and early sequencing methods



Protein Sequencing

It is essential to further biochemical analysis that we know
the sequence of the protein we are studying

Edman Degradation (Classical method)

* Successive rounds of N-terminal modification, cleavage, and
identification

* Can be used to identify protein with known sequence

Mass Spectrometry (Modern method)

* MALDI MS and ESI MS can precisely identify the mass of a peptide,
and thus the amino acid sequence

e Can be used to determine post-translational modifications.
e Actual sequence can also be determined from DNA sequence

e Bioinformatics
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Acid Hydrolysis of Proteins

6 N HCI for several hours,100-105°C,to hydrolyze Peptide bonds

Four Problems to Deal With:

1.

Destroys W.

2. Partially (slowly) destroys S and T.
3.
4

. Slowly hydrolyzes peptide bonds between vicinal ile,

Converts N =» D+ NH,®,and Q = E + NH,".

leu, and val.

Dealt with by:

1.
2.

KOH hydrolysis to determine W.
HCI hydrolysis over 2 hr, 4hr, 6hr....for S, T, I, L, V.

3. Measure NH,* to determine amount of N+Q = D + E.



Amino Acid Analysis of AGDFRG

ELUTION PROFILE OF PEPTIDE HYDROLYSATE
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Amino Acid Analysis of Acid
Hydrolysate

HPLC using ion exchange or
other chromatography — all
automated equipment.

Amino acids, as they come off
the column, reacted with
ninhydrin.
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N-terminal Reagents
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FIGURE 4.20 Determination of the amino-terminal residue of a peptide. Dabsyl
chloride labels the peptide, which is then hydrolyzed with the use of hydrochloric acid. The
dabsyl-amino acid (dabsyl-alanine in this example) is identified by its chromatographic
characteristics.



C terminal Carboxypeptidases

Table 7-1 Specificities of Various Exopeptidases

Enzyme Source ~ Specificity”

Carboxypeptidase A Bovine pancreas R, # Arg, Lys, Pro;R,,_; # Pro

Carboxypeptidase B Bovine pancreas R, # Arg,Lys, R, ; # Pro

Carboxypeptidase C Citrus leaves All free C-terminal residues; pH optimum = 3.5
Carboxypeptidase Y Yeast All free C-terminal residues, but slowly with R, = Gly
Leucine aminopeptidase Porcine kidney R, # Pro

Aminopeptidase M Porcine kidney All free N-terminal residues

“R, = the N-terminal residue; R, = the C-terminal residue.
(a) Starting peptide: —Ser—Leu-Tyr

1.0 —
Tyr

Leu

Ser

(b) Starting peptide: —Leu—Tyr—Ser
1.0

Ser
Tyr

Molar equivalents of amino acid released

Time



Hydrazinolysis H,N—

Polypeptide + anhyd-Hydrazine
at 90°C + mildly acidic ion
exchange resin (catalyst) = for
20-100 hrs.

Modifies pepetide carboxyl group
to form acyl hydrazide

Rl (”) Rn ot | Iol Rn

CH—C— :+» —NH—CH—C—NH—CH—Q00

Polypeptide

o

NH,—NH,

Hydrazine

acidic ion exchange

resin catalyst

oY
H,N—CH—C—NH—NH, -

-

R, 0

n—1
| |

++ + H;N—CH—C—NH—NH, -

-+

Rn.
H,N—CH—CO00"

Free amino acid

Aminoacyl
hydrazides



Edman Degradation
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Edman
Degradation =
Amino Acid

Sequencing
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Protein Fragmentation Methods

17:1:18 3 The Specificity of Some Common Methods for Fragmenting Polypeptide Chains

Reagent (biological source)* Cleavage points'
Trypsin (bovine pancreas) Lys, Arg (C)
Submaxillary protease (mouse submaxillary gland) Arg (C)
Chymotrypsin (bovine pancreas) Phe, Trp, Tyr (C)
Staphylococcus aureus V8 protease (bacterium S. aureus) Asp, Glu (C)
Asp-N-protease (bacterium Pseudomonas fragi) Asp, Glu (N)

Pepsin (porcine stomach) Leu, Phe, Trp, Tyr (N)
Endoproteinase Lys C (bacterium Lysobacter enzymogenes) Lys (C)

Cyanogen bromide Met (C)

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

*Residues 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.

Table 3-6
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company

You need to know 4 of them: trypsin, chymotrypsin,
pepsin and cyanogen bromide fragmentation methods.
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CNBr ol
Fragmentation

Cleaves the C-terminal _f\
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Protein Sequencing
Overall Flow

Determine amino
terminus (react with
FDNB). Gly is at
amino terminus.

Determine amino acid

content

ysis). Select cleavage
reagents based on pres-
ence of target amino

acids in

sequence each polypeptide l

Protein

5%

L

y:

(by acid hydrol-

protein. l

Cleave into smaller
polypeptides (with
trypsin, for example).

Each tryptic
peptide has to be
isolated pure
before Edman
degradation
sequencing.

1. DCGGAHYLVLLAGPTIRSGTMR
2. AQGAFNPSCGVIQHAWIKMWILAAGTE
3. GGPVIATYEQDGGTSRYAPK

4. QGYASULAIEFTR

Determine order of polypeptides

in protein.

Peptide 3 is at the

amino terminus. Peptide 2 is at
the carboxyl terminus (it does not
end in an amino acid residue that
defines a trypsin cleavage site).

Order others by overlaps with sequences of
peptides obtained by cleaving the protein
with a different reagent, such as cyanogen

Figure 3-25

Lehninger Principles of Biochemistry, Sixth Edition
_Freeman and Combanv

© 2013 W.H

bromide or chymotrypsin.



Trypsin and CNBr Fragmentation
Each Done Separately

CNBr
fragments >! . 2 l‘ >

CNBr CNBr
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Separation of Protein
Fragments

The Classic Paper
Chromatography +
Electrophoresis

% g W m

Origin ——-

FIGURE 6-10. A comparison of the ninhydrin-stained
fingerprints of trypsin-digested (a) hemoglobin A (HbA) and (b)
hemoglobin S (HbS). The peptides that differ in these two forms
of hemoglobin are boxed. These peptides constitute the eight
N-terminal residues of the f subunit of hemoglobin. Their
amino acid sequences are

Hemoglobin A Val- His- Leu- Thr- Pro- Glu- Glu- Lys
Hemoglobin S Val- His- Leu- Thr- Pro- Val- Glu- Lys
i gl 2 3 4 5 6 1 8

[Courtesy of Corrado Baglioni, State University of New York at
Albanvy.]



Protein Sequencing: Overlapping Sequences

g8 Procedure
& ! hydrolyze; separate
« v .. amino acids
Polypeptide

react with FDNB; hydrolyze;
\separate amino acids

reduce
disulfide

R

HS
3

=

bonds (if present)

SH
\

)

cleave with trypsin;
separate fragments; sequence
\by Edman degradation

cleave with cyanogen
bromide; separate fragments;
\sequence by Edman degradation

Result Conclusion
A S5 H 2 R 1 Polypeptide has 38
c 2 1 3 S 2 amino acid residues. Tryp-
D 4 K 2 T sin will cleave three times
E2 L 2 Vi1 (atone R (Arg) and two
2 ; ?’A : Y 2 K (Lys)) to give four frag-

ments. Cyanogen bromide
will cleave at two

M (Met) to give three
fragments.

2,4-Dinitrophenylglutamate E (Glu) is amino-

ALIKYLIACGPM them to be ordered.

detected terminal residue.
@ GASMALIK @ placed at amino terminus
@ EGAAYHDEEPIDPR because it begins with E (Glu).
@ DCVHSD placed at carboxyl terminus

because it does not end with

YLIACGPMTK R (Arg) or K (Lys).
@ EGAAYHDFEPIDPRGASM overlaps with
(c2) TKDCVHSD (-1)and(7-4),allowing

© © @

it Ami I | 1 Carboxyl
mino | . AAYHDFEPIDPRGASMALIKYLIACGPMTKDCVHSD 2" 2OXY
terminus | 1] [ C— T E— | | terminus

© ©@ @



Protein Sequence from DNA Sequence

Amino acid
sequence (protein) GIn -Tyr-Pro-Thr -lle-Trp
e | S | s | m—

DNA sequence (gene) CAGTATCCTACGATTTCG
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Consensus Segquences

[AG]-x(4)-G-K-[ST].

Bits
© N H»

(@) N C

D-{W}-[DNS]-{ILVFYW }-[DENSTG]-[DNQGHRK]-{GP}-
[LIVMC]-[DENQSTAGC]-x(2)-[DE]-[LIVMFYW].

Bits

(b)



Partial Primary Structure of Elongation Factor Tu
Sequences Aligned with Gaps

E. coli

TGNRTIAVYDLGGGTFDISIIEIDEVDGEKTFEVLATNGDTHLGGEDFDSRLIHYL
DEDQTILLYDLGGGTFDVSILELGDG TFEVRSTAGDNRLGGDDFDQVIIDHL

B. subtilis —
Gap



EF-Tu Signature Sequences

Halobacterium halobium

Archaebacteria Sulfolobus solfataricus

Euk ¢ Saccharomyces cerevisiae
HBAYy RS Homo sapiens
Gram-positive bacterium Bacillus subtilis

Gram-negative bacterium Escherichia coli

IGHVDHGKSTMVGR
IGHVDHGKSTLVGR
IGHVDSGKSTTTGH

Signature sequence

LLYETGSVPEHV
LLMDRGFIDEKT
LIYKCGGIDKRT

IGHVDSGKSTTTGH

IEQH
VKEA
IEKF

LIYKCGGIDKRT

IEKF

IGHVDHGKSTMVGR
IGHVDHGKTTLTAA

ITTV
ITTWV



GroEL Phylogeny

Chi di [ Chlamydia trachomatis Bopelia hurgdonie
. amydia | chiamydia psittaci / Spirochaetes
Bacteroides L porphyromonas gingivalis Leptospia lntarogaits

bacter

Gram

i d/e [ Helicobacter pylori
B Legionella pneumophila
. Thermophilic bacterium PS-3 g
© Pseudomonas aeruginosa . . ¢
21 Bacillus subtilis low
9 Yersinia enterocolitica . S.tap hylococcus auteds C¥+C
9] Salmonella typhi Clostridium acetobutylicum
_g . Escherichia coli == Clostridium perfringens
o) Mycobacterium 3
() B L Neisseria gonorrhoeae < leprae ;
s [~ Rickettsia ‘—// R MyCObaCte,rium
= tsutsugamushi tuberculosis [operon] hig h
o Streptomyces coelicolor
o ew g . Mycobacterium leprae G+C
- Bradyrhizobium japonicum Mycobacterium tuberculosis
Streptomyces albus [gene] .
Agrobacterium tumefaciens
Zymomongsmobils Cyanidium caldarium chl.
Sehechiocysts Cyanobacteria and

Ricinus communis chl. chloroplasts

—

0.1 substitutions/site Triticum aestivum chl.

Brassica napus chl.
Arabidopsis thaliana chl. -

1a

-positive



Cytochrome C

Human
Chimpanzee
Spider monkey
Macaque

Cow

Dog

Gray whale
Horse

Zebra

Rabbit
Kangaroo
Duck

Turkey
Chicken
Pigeon

King penguin
Snapping turtle
Alligator

Bull frog

Tuna

Dogfish
Starfish

Fruit fly
Silkmoth
Pumpkin
Tomato
Arabidopsis
Mung bean
‘Wheat
Sunflower
Yeast
Debaryomyces
Candida
Aspergillus
Rhodomicrobium
Nitrobacter
Agrobacterium
Rhodopila

| D) P | |

| I | 3 | S5 I

10
GDVEKGKKIF

GDVEKGKKIF
GDVFKGKRIF
GDVEKGKKIF
GDVEKGKKIF
GDVEKGKKIF
GDVEKGKKIF
GDVEKGKKIF
GDVEKGKKIF
GDVEKGKKIF
GDVEKGKKIF
GDVEKGKKIF
GD1EKGKKIF
GD1EKGKKIF
GD1EKGKKIF
GDIEKGKKIF
GDVEKGKKIF
GDVEKGKKIF
GDVEKGKKIF
GDVAKGKKTF
GDVEKGKKVF
GQVEKGKKIF
GDVEKGKKLF
GNAENGKKIF
GNSKAGEKIF
GNPKAGEKIF
GDAKKGANLF
GNSKSGEKIF
GNPDAGAKIF
GNPTTGEKIF
GSAKKGATLF
GSEKKGANLF
GSEKKGATLF
GDAK - GAKLF
GDPVKGEQVF
GDVEAGKAAF
GDVAKGEAAF
GDPVEGKHLF

20
IMKCSQCHTV

IMKCSQCHTV
IMKCSQCHTV
IMKCSQCHTV
VQKCAQCHTV
VQKCAQCHTV
VQKCAQCHTV
VQKCAQCHTV
VQKCAQCHTYV
VQKCAQCHTV
VQKCAQCHTV
VQKCSQCHTV
VQKCSQCHTV
VQKCSQCHTV
VQKCSQCHTV
VQKCSQCHTV
VQKCAQCHTV
VQKCAQCHTV
VQKCAQCHTV
VQKCAQCHTV
VQKCAQCHTV
VQRCAQCHTV
VQRCAQCHTV
VQRCAQCHTV
KTKCAQCHTV
KTKCAQCHTV
KTRCAQCHTL
KTKCAQCHTV
KTKCAQCHTV
KTKCAQCHTV
KTRCLQCHTV
KTRCLQCHTV
KTRCLQCHTV
QTRCAQCHTV
KQ-CKICHQV
NK -CKACHEI
KR -CSACHAI
HTICLICHT-

30
EKGGKHKTGP

EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKTGP
EKGGKHKVGP
ENGGKHKVGP
ENGGKHKTGP
EKAGKHKTGP
EAGGKHKVGP
EAGGKHKVGP
DKGAGHKQGP
EKGAGHKEGP
KAGEGNKI GP
DKGAGHKQGP
DAGAGHKQGP
EKGAGHKQGP
EKGGPHKVGP
EKGGPHKVGP
EKGGPHKVGP
EAGGPHKVGP
GPTAKNGVGP
GESAKNKVGP
GEGAKNKVGP
DIKGRNKVGP

40
NLHGLFGRKT

NLHGLFGRKT
NLHGLFGRKT
NLHGLFGRKT
NLHGLFGRKT
NLHGLFGRKT
NLHGLEGRKT
NLHGLFGRKT
NLHGLFGRKT
NLHGLFGRKT
NLHGIFGRKT
NLHGLFGRKT
NLHGLFGRKT
NLHGLFGRKT
NLHGLFGRKT
NLHGIFGRKT
NLNGL 1 GRKT
NLHGL I GRKT
NLYGL I GRKT
NLWGLFGRKT
NLSGLFGRKT
NLNGILGRKT
NLHGL I GRKT
NLHGFYGRKT
NLNGLFGRQS
NLNGLFGRQS
ELHGLFGRKT
NLNGLIGRQS
NLHGLFGRQS
NLNGLFGRQS
NLHGIFGRHS
NLHGVVGRTS
NLHGVFGRKS
NLHGLFGRKT
EQNDVFGQKA
ELDGLDGRHS
QLNGI I GRTA
SLYGVVGRHS

50
GQAPGYSYTA

GQAPGYSYTA
GQASGFTYTE
GQAPGYSYTA
GQAPGFSYTD
GQAPGFSYTD
GQAVGFSYTD
GQAPGFTYTD
GQAPGFSYTD
GQAVGFSYTD
GQAPGFTYTD
GQAEGFSYTD
GQAEGFSYTD
GQAEGFSYTD
GQAEGFSYTD
GQAEGFSYTD
GQAEGFSYTE
GQAPGFSYTE
GQAAGFSYTD
GQAEGYSYTD
GQAQGFSYTD
GQAAGFSYTD
GQAAGFAYTD
GQAPGFSY SN
GTTPGYSYSA
GTTAGYSY SA
GSVAGYSYTD
GTTAGYSYST
GTTAGYSYSA
GTTAGYSYSA
GQAEGYSYTD
GQAQGFSYTD
GLAEGYSYTD
GQSEGYAYTD
GARPGFNY SD
GAVEGYAY SP
GGDPDYNY SN
G1EPGYNYSE

60
ANKNKGI1 I WG

ANKNKGI [ WG
ANKNKGI [ WG
ANKNKG I TWG
ANKNKGITWG
ANKNKGITWG
ANKNKGITWG
ANKNKGI TWK
ANKNKGITWK
ANKNKGITWG
ANKNKGI [ WG
ANKNKG I TWG
ANKNKGI TWG
ANKNKGITWG
ANKNKG I TWG
ANKNKGITWG
ANKNKGITWG
ANKNKGITWG
ANKNKGITWG
ANKSKGIVWN
ANKSKGITWQ
ANRNKGITWK
ANKAKGITWN
ANKAKGITWG
ANKNRAV | WE
ANKNMAVNWG
ANKQKGIEWK
ANKNMAV I WE
ANKNKAVEWE
GNKNKAV | WE
ANIKKNVLWD
ANKKKGVEWT
ANKKKGVEWT
ANKQAGVTWD
AMKNSGLTWD
ANKASGITWT
AMKKAGLVWT
ANIKSGIVWT

70
EDTIMEYLEN

EDTIMEYLEN
EDTIMEYLEN
EDTIMEYLEN
EETIMEYLEN
EETIMEYLEN
EETIMEYLEN
EETLMEYLEN
EETIMEYLEN
EDTIMEYLEN
EDTIMEYLEN
EDTIMEYLEN
EDTIMEYLEN
EDTIMEYLEN
EDTIMEYLEN
EDTIMEYLEN
EETIMEYLEN
EETIMEYLEN
EDTIMEYLEN
ENTIMEYLEN
QETLRIYLEN
NETLFEYLEN
EDTLFEYLEN
DDTLFEYLEN
EKTLYDYLLN
ENTLYDYLLN
DDTLFEYLEN
EKTLYDYLLN
ENTLYDYLLN
ENTLYDYLLN
ENNMSEYLTN
EQDLSDYLEN
EQTMSDYLEN
ENTLFSYLEN
EATLDKYLEN
EAEFKEYIKD
PQELRDFLSA
PDVLFKYIEH

80
PKKYIPGTKM

PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYTPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKYIPGTKM
PKKFIPGTKM
PKAVVPGTKM
PKAKVPGTKM
PKKKIPGNKM
PQKIVPGTKM

90
[FVGIKKKEE

[FVGIKKKEE
IFVGIKKKEE
I FVGIKKKEE
1 FAGIKKKGE
1 FAGIKKTGE
TFAGIKKKGE
I FAGIKKKTE
IFAGIKKKTE
I FAGIKKKDE
I FAGIKKKGE
[FAGIKKKSE
I FAGIKKKSE
I FAGIKKKSE
1 FAGIKKKAE
IFAGIKKKSE
IFAGIKKKAE
IFAGIKKKPE
IFAGIKKKGE
[ FAGIKKKGE
[FAGIKKKSE
VFAGLKKQKE
I FAGLKKPNE
VFAGLKKANE
VFPGLKKPQD
VFPGLKKPQE
AFGGLKKPKD
VFPGLKKPQD
VFPGLKKPQD
VFPGLKKPQE
AFGGLKKEKD
AFGGLKKAKD
AFGGLKKPKD
AFGGLKKGKE
VEVGLKNPQD
VFAGIKKDSE
ALAGISKPEE
GYPG-QPDQK

100
RADLIAYLKK

RADLIAYLKK
RADLIAYLKK
RADLIAYLKK
REDLIAYLKK
RADLIAYLKK
RADLIAYLKK
REDLIAYLKK
REDLIAYLKK
RADLIAYLKK
RADLIAYLKK
RADLIAYLKD
RVDLIAYLKD
RVDLIAYLKD
RADLIAYLKQ
RADLIAYLKD
RADLIAYLKD
RADLIAYLKE
RQDLIAYLKS
RQDLVAYLKS
RQDLIAYLKK
RQDLIAYLEA
RGDLIAYLKS
RADLIAYLKE
RADLIAYLKE
RADLIAYLKE
RNDLITFLEE
RADLIAYLKE
RADLIAYLKK
RADLIAYLKT
RNDLITYLKK
RNDLITYLVK
RNDLVTYLKK
RNDLITYLKE
RADVIAYLKQ
LDNLWAYVSQ
LDNLIAYLIF
RADIIAYLET

ATNE
ATNE
ATNE
ATNE
ATNE
ATKE
ATNE
ATNE
ATNE
ATNE
ATNE
ATAK
ATSK
ATSK
ATAK
ATSK
ATSK
ATSN
ACSK
ATS
TAAS
ATK
ATK
STK
ATA
ATA
ETK
STA
ATSS
STA
ACE
ATK
ATS
STA
LSGK
FDKD
SASSK
LK



Cytochrome C Phyolgeny




Proteins Evolve at Different Rates

Number of amino acid changes/100 sites

140

120

100

80

60

40

20

Fibrinopeptides

Hemoglobin

Cytochrome ¢

Histone H4

1 T T I I L J

800 1000 1200 1400

600

400
Millions of years since divergence



Simple Sequencing Problem: What Each Part Tells You

18. Sequence of Leucine Enkephalin, a brain opioid peptide.

a. Complete hydrolysis by 6M HCI at 110°C followed by amino
acid analysis indicated the presence of G, L, F,and Yin a
2:1:1:1 molar ratio.

This means the peptide could be 2:1:1:1, or 4:2:2:2, or....
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b. Treatment of the peptide with 1-fluoro-2,4, dinitrobenzene
followed by complete hydrolysis and chromatography
indicated the presence of 2,4-dinitrophenyl derivative of
tyrosine. No free tyrosine could be found.
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Simple Sequencing Problem: What Each Part Tells You
18. Sequence of Leucine Enkephalin, a brain opioid peptide.
a. Complete hydrolysis by 6M HCI at 110°C followed by amino

acid analysis indicated the presence of G, L, F, and Y in a
2:1:1:1 molar ratio.

b. Treatment of the peptide with 1-fluoro-2,4, dinitrobenzene
followed by complete hydrolysis and chromatography
indicated the presence of 2,4-dinitrophenyl derivative of
tyrosine. No free tyrosine could be found.

What does this tell you?

Y is the N-terminal amino acid: so the peptideisY
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18. Sequence of Leucine Enkephalin, a brain opioid peptide.

a. Complete hydrolysis by 6M HCI at 110°C followed by amino
acid analysis indicated the presence of G, L, F, and Y in a
2:1:1:1 molar ratio.

b. Treatment of the peptide with 1-fluoro-2,4, dinitrobenzene
followed by complete hydrolysis and chromatography
indicated the presence of 2,4-dinitrophenyl derivative of
tyrosine. No free tyrosine could be found.

the peptideisY

c. Complete digestion of the peptide with chymotrypsin
followed by chromatography yielded free tyrosine and leucine
with a tripeptide containing Phe and Gly in a 1:2 ratio.



Simple Sequencing Problem: What Each Part Tells You

18. Sequence of Leucine Enkephalin, a brain opioid peptide.

a. Complete hydrolysis by 6M HCI at 110°C followed by amino
acid analysis indicated the presence of G, L, F, and Y in a
2:1:1:1 molar ratio.

b. Treatment of the peptide with 1-fluoro-2,4, dinitrobenzene
followed by complete hydrolysis and chromatography
indicated the presence of 2,4-dinitrophenyl derivative of
tyrosine. No free tyrosine could be found.

the peptideisY

c. Complete digestion of the peptide with chymotrypsin
followed by chromatography yielded free tyrosine and
leucine with a tripeptide containing Phe and Gly ina 1:2
ratio.

sO... itis YGGFL



