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Interdisciplinary Nanotechnology in Biomedical Research

*High surface area to volume
ratio

—>High ligand density and
Interaction affinity

—>High senS|t|V|ty and specificity

Nanotechno

Pseudo-homogeneity in
water

—>heterogeneous interface
between substrate and
solid carrier

Organi

Chemistry Biotechnolo

Nanoparticle synthesis
—>uniform shape and composition
—>narrow size distribution

«Surface modification

—>high reaction efficiency

- high biocompatibility

Biological challenges

- low abundant protein enrichment

—>site-directed protein modification

- low-affinity protein-ligand interaction

- low molecular-weight molecules
identification




Example:
Immunoassay for Disease Diagnosis

In the post-genome era, the rapid evolution of
proteomics research has opened new horizons
because It promises to accelerate the discovery of
new protein disease markers. The recognition that
every disease Induces a specific pattern of change
In a proteomics microenvironment has important
Implications on the early detection and
progression of diseases. Many clinical diagnostic
assays, such as ELISA, correlate the
concentration of specific protein markers with the
onset of disease.



Disease Biomarker for Cancer Diagnostics

Serum Tumor Markers

Primary Clinical Applications

Other Related Cancer Type

Alpha-Fetoprotein
(AFP)

CA 15-3

CA 19-9

CA 125

Prostate Specific
Antigen (PSA)

Hepatocellular carcinoma (HCC)
and germ-cell (honseminoma)
tumor monitoring and diagnosing

. . 1
Breast cancer monitoring

Colorectal and pancreatic cancer
monitoring

Endometrigl and ovarian cancer
monitoring

Prostate cancer monitoring and
diagnosing

colorectal, liver, lung, ovarian,
pancreatic cancer

breast, gastric, hepatobiliary,
hepatocellular, and ovarian cancer

breast, cervical, colorectal,
gastrointestinal, lung, pancreatic
cancer




Why Mass Spectrometry for
Protein Detection and
ldentification?



ey

Protein activity, modifications, localizations, amd
Interactions of proteins in complexes

Proteomics can be defined as the gualitative and
guantitative comparison of proteomes under
different conditions to further unravel biological

Processes



Estimated Number of Proteins
per Genome

 Haemophilus 1742
o E. coli 4413
 Yeast 6600
e Caenorhabditis 18000
« Drosophila 13000

e Human >1000000 (35000 genes)



What Do We See?
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A Key Technical Challenge in Proteomics

A complex biological problem

Diverse solution
(10° — 10° for protein abundance)

~

Mass-spectrometry + Sample prefractionation
strategy for more

complex mixture ?
10



Three Key Technologies in Proteomics

Post- Staining/imaging
. digesti
Protei separation esHon Mass
rotern chemistr spectrometry
separation

MALDI-TOF PMF
1D/2D gels Mass ESI-MS/MS

Protein

separation / LC analysis .
Microfludic chips .
MDLC \ .
Data
analysis

reduction of spectral

H-dissection, cell sorting, information to protein

lysis, sub-cellular

fractionation Bioinformatics / IDand
characterization,
SOftwal’e database searching
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Principle of Mass
Spectrometry



What is mass spectrometry?

lonization
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Mass-to-charge Ratio (m/z)

MS is an analytical tool that
measure the molecular
weight of molecules based
on the motion of charged
particle in an electrical or
magnetic field.
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Two different ways of measurement

« Composition of analyte (MS)
e.g. Peptide mass fingerprinting

e Structure of analyte (MS/MS, tandem MS)
* Dissociation *

l *|\ m



= Turbo pumps
lgh Vacuum Sys Diffusion Pumps
Rough pumps

| | Rotary pumps
_ . )ata
— Jon source — Mass Filter — — Syste
Mi “PC’s
eSample plate | *MALDI \_°TOF Eggﬁ:;ﬂ;ﬁi‘,j,‘:ﬁe -3unSéPA_RK
eTarget -Electrospray( Quadrupole Hybrid eostaton
*HPLC *FAB \wlon Trap
*GC s SIMS \\-Magnetic Sector
*CE *El FTMS
Cl 16




lonization Methods

e Electron Impact (El)
e Fast Atom Bombardment (FAB)
 Electrospray lonization (ESI)

« Matrix-Assisted Laser Desorption lonization (MALDI)
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Advances in Modern Mass Spectrometry

Limitations of traditional MS on biological applications
) i )
High molecular weight >50,000

Amount of Sample <1012 - 101> mole

Iﬁta@t Molecule

PaN
X

ElectroSpray lonization MS

Matrix Assisted Laser Desorption lonization MS

2002 Nobel Prize in Chemistry




Matrix-Assisted Laser Desorption lonization (MALDI)

Time-of-flight
Mass Analyser

Extraction g

/

W Desorbed ‘plume” of

/ matrix and analyte ions
.
d e = Analyte

Matrix
Cation {e.g. Ma* or H*)

Fulzed laser beam

-

. .
Sample . » - .
plate * ‘ 45 . .
4 . b * s
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Matrix selectio

o.-Cyano-4-hydroxy-
cinnamic acid (CHCA)

Peptides<10kDa

Sinapinic Acid

Proteins >10kDa

2,5-Dihydroxybenzoic
acid (DHB)

Neutral Carbohydrates,
Synthetic Polymers

“Super DHB”

Proteins,
Glycosylated proteins

3-Hydroxypicolinic acid

Oligonucleotides

HABA

Proteins,
Oligosaccharides

2-(4-hydroxyphenylazo)-benzoic acid

(HABA)

CH3O CH=CHCOOH

HO

CH_O
3

Sinapinic acid (3,5-Dimethoxy-
4-hydroxy cinnamic acid)

COOH
OH

3-hydroxypicolinic acid (3-HPA)

CH=C(CN)COOH
HO~ :

a-cyano-4-hydroxycinnamic acid

N/

A
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A typical mass spectra
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Electrospray
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ElectroSpray lonization (ESI)

Reduction

Electrons

of -
S) (é Electrons

TDC

High Voltage
Power Supply




Charge Residue Model

fission

evaporation fission

~ ion evaporation

+ @+
+ +
Coulomb repulsion : Charge repulsion > surface tension
evaporation fission field-assisted ion desorption
+
. » - @
+ +
lon Desorption Model lon desorption from the droplet surface
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Multiple-charged ESI spectra

Relative Intensity
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safive intensit

Deconvolution

Step 1: assume 190.1 = mass/charge

e 379.2 = mass/charge
Step 2: assume the two peaks are related
3792 190.1 = [m+(z+1)]/(z+1)

379.2=m+2z/z

Step 3: solve mand z
m=378.2, z=1

m'z

Charge state Calculation Unprotonated mass
+1 (379.2-1)*1 378.2
+2 (190.1-1)*2 378.2

average 378.2

27



Molecular Weight of Proteins

Tima-of-7light
Mass Analyser

Extraction grid
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Mass Analysis

lons are separated according to their
mass-to-charge (m/z)

- R

FULL
SCAN
ION SPECTRA TO
THE DETECTOR

TRANSPORT of +/
- IONS TO
PARENT MASS

+ /- IONS AND
NEUTRALS

FORMED IN
ion SOURCE

ANALYZER

2
e A
%‘qmupé .W'%' ® Son

ION SOURCE Transport Mass analyzer DETECTOR

optics
29



eSector Instruments

B Time-of-flight Analyzer &=

’
B Quadrupole Mass Filter @’
E“?‘%
B |lon-Trap Instrument =

mFT-ICR — e

30




Time-of-flight Analyzer

lons are generated in the source zone of the instrument.

A potential (V) is applied across the source to extract and
accelerate the ions from the source into the field-free 'drift' zone
of the instrument.

lons travel with velocity v = d/t ; d:tube distance, t:time

All ions produced will leave the source at the same time with the
same kinetic energy (KE = Y2 mv?= 2V ), due to their having
been accelerated through the same potential difference (ideally).

The time-of-flight of the ions produced will only be dependent on
the mass and the charge of the produced ion.

m/z =[2 2 V]| d?

The larger the ion, the slower its velocity and thus the longer it
takes to traverse the field-free drift zone.



Mass-to-Charge (m/z) is a Function of Flight Time

| source l drift recion
| D
| M D —
I
| Vo () —
I E=0 M,
I
In a electric field — In drift region
[Potential Energy] [Kinetic Energy]
V' whereV = 1 27eEs \2
E= ; accelerating voltage Emv = qV =zeEs—— v= m
T
—— Flight time m )2 Relation between m/z and t
t=| ——
2zeEs

m 2eEs ).,
? = D2 t 32



Laser

2500 Volt
" """"""""""""""""""""""""""""""""""""""""""""""
‘ ___________________________________________________________________________________________
.8 _ _
electric field drift region
~3.6cm ~1lm
1
Mass spectrum m )2
™ t= D
27eEs
& & . t= 100 p second for mass 50 ( small moleculae)
‘ ‘ 1000 p second for mass 5,000 (peptide, polymer...)
> 3000 u second for mass 50,000 (protein, DNA....)
m/z

33



Protein Identification and Quantification

ldentification (ID)

v'Identify the sequence of an unknown protein
v'Determine the site of post-translational
modification

Quantification
v'Analyze the relative concentration of a
protein under different conditions

34



Protein Analysis by Mass Spectrometry

9 Protein .
: _ Peptides
o2y 3? - i
> o
digestion v EHF
Molecular weight |dentification

Sequence information

v MALDI TOE MS v'Peptide mass fingerprinting

v ES| MS (MALDI TOF MS)

v'Peptide Sequencing
(Tandem MS)

35



Two Ways of Measurement—
1. Peptide Mass Fingerprint (by M.\W. measurement)

MALDI-TOF M
Mass spectrometer A oF M5

———

781.50
1081.55

¢ é £
e o%c 0o o - . 3
s R d» ° 3 o %
E § hr
Transport Mass DETECTOR %‘ ‘ ‘
optics analyzer — N J | L

2000 2400

MQIPVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNICK
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Peptide Mass Fingerprint

* This methodology was the first
to allow protein identification
without the need for time-
consuming Edman sequencing
or immunoaffinity probes..

o Landmark Study(1993)

: MS approaches alone could be

Left to right: used to analyze proteins from
William J. Henzel; Protein Chemistry; 2DE

Genentech

John T. Stults; Analytical Chemistry;
Genentech

Colin Watanabe; Software Engineer;

Genentech 37



Peptide Mass
Fingerprinting

-COOH

38



Step 1: Enzyme digestion or chemical fragmentation

Protein

H,N] O A AOTRO gc,,s
AORODOOAACOAONAORY B Arg

(1< O9<> O -COOH

Reduction / Alkylation
Tryptic Digest

TeeEE AR 000AAOTEOAE €@

oomm Ccomivym OBROVLOVEHVE
0omOAROOOAAOIOAN ¢

Every protein generate a set of unique peptides
(every peptide has different mass)



Residue
Mass of
Amino
Acids

Name Symbol Residue mass Side-chain
Alanine AAla 71.079 CHs-
Arginine R,Arg 156.188 IN=C(NH2)-N-(CHz2):

Asparagine N,Asn 114.104 H2N-CO-CHa-
Aspartic acid D,Asp 115.089 HOOC-CHz2-
Cysteine C,Cys 103.145 HS-CHa-
Glutamine Q.GIn 128.131 H2N-CO-(CH2)2-
Glutamic acid E,Glu 129.116 HOOC-(CH2)2-
Glycine G,Gly 57.052 H-
Histidine H,His 137.141 Imidazole-CHa-
Isoleucine Llle 113.16 CH3-CH2-CH(CH?3)-
Leucine L,Leu 113.16 (CH3)2-CH-CHoa-
Lysine K,Lys 128.17 H2N-(CH2)s-
Methionine M,Met 131.199 CH3-S-(CH2)2-
Metsulphoxide Met.SO 147.199 CH3-S(0)-(CD2)2-
Phenylalanine F,Phe 147.177 Phenyl-CHa-
Proline P,Pro 97.117 Phrrolidone-CH-
Serine S,Ser 87.078 HO-CH2-
Threonine T,Thr 101.105 CH3-CH(OH)-
Tryptophan W, Trp 186.213 idole-NH-CH=C-CH
Tyrosine Y, Tyr 163.176 4-OH-Phenyl-CH2-
Valine V., val 99.133 CH3-CH(CH2)-




Step 2: Mass spectrometry analysis

A unique list

0o mOARO OO AAOTOAN ¢

Peptide Mass Lists Peptide Mixtures

for each protein in Database _ ]
% Intensity Extraction, clean up

Mass Spectrometry Analysis

Mass Spectrum

JOSOEE AN 060AAOImOAE €0
somm Oomévym OBOVVOVEOV Ve

600 m/z

m 3000



Query Setup

Ywieh Server Infarmation
JRL: 1015222 HTTF port: 80 Status: 0K

Peptlde Properties Mz | e | Tu:ulerance| 3

Digest Reagents

Simulate digest with:

Step 3: Database match

Secondary digest with:

Mumber af mizzed cleavages:

v

Festrict [Miw]

n {a]

7] el

| Trypsin
Charge (svel |1
| None = Tolerance [+ |1 [ERA
= FICECE=N (SEN Tolerance
-

[ Exclude lockmass
™ Edit excluds list Exclude List
200000 pg Database |

Chloroplazt_translated -

Isoelectric Point CHROMOSOME TRANSLATION Search type (M5)
Heliobacter_p : . :
™ Festict [pl] J_COFFEY_EST " Search monoizotopic mass list
: Salmonella
R ange from ||:| ko (0 SmalldRFS_50z ﬂ * Search cument spectiim
CcD T.ChiDl
A= e e Optiorelvmeliedlen M asimum hits : 20 ¥
Acetolation M-Term - :
Acetylation K, "
Carbarnidormethwl Carbarnidormethyl - H
Carbosyrnethwl Carbosyrnethyl Opt|0n3| Peptlde MatCh 0
Carbarmyl Carbarnyl
b etbwl ester - CTem b etbwl ester - CTem
Methyl ester |

Methyl ester | x|

Cancel |




Step 3: In-Silica digestion

Mass Peptide Sequence

3583 8 NGTTDISILHCTTEYPTPY
' SLNLNVIHTLK

Protein Sequence 34936 RPGNGISPMNWYDILGQEAQ

DDFEEDEVIR
MVYIIAEIGC NHNGDINLAK KMVDVAVSCG 20954 GVETFSTPFDEESLEFLIST
VDAVKFQTFK AEKLISKFAP KAEYQKATTG

TADSQLEMTK RLELSFEEYL EMRDYAISKG 29445 RLTGYSDESIGSEVPIAAA

VETFSTPFDE ESLEFLISTD MPIYKIPSGE 23242 VILSTOMAVMEEIHOAVNIL R
ITNLPYLEKI GKQQKKVILS TGMAVMEEIH et MILAlCON N GL AR
QAVNILRQNG TTDISILHCT TEYPTPYPSL _ _ :

NLNVIHTLKD EFKDLTIGYS DHSIGSEvPI  Digestion 1811.8 FENQLPELHHHHHH

AAAAMGAEV! EKHFTLDTNM 1683.8 HFTLDTNMEVPDHK
EVPDHKASAT 1573.8 IPSGEITNLPYLEK
PDILAALVKG FALLNQALGR FEKIPDPVEE 1558.7 LELSFEEYLEMR
KNKIVARKSYV VALKPIKKGD IYSIENITVK 1453.7 ATTGTADSQLEMTK
RPGNGISPMN WYDILGQEAQ DDFEEDEVIR 13927 MVDVAVSCGVDAVK

BN

PSRFENQLPE LHHHHHH 1351.7 GDIYSIENITVK

1269.7 ASATPDILAALVK
1159.7 GFALLNQALGR
954.63 SVVALKPIK
926.48 IPDPVEEK
696.36 DYAISK
670.36 FQTFK

! 638.31 AEYQK

600 1000 1500 2000 2500 3000 538.25 DEFK 43
m/z

Intensity




Step 4: MS match to Database

A unique list % Intensity

Peptide Mass Lists
for each protein in Database 600 m/z 3000

Match ----

protein identification

% Intensity

Mass Spectrum

||.| ‘ll ‘| |||| || . | | . i I a4

600 m/z 3000




Search Result

/J MS-Fit Search Results - Microsoft Internet Explorer

MS-Fit Search Results

JEiIe Edit “iew Go Favortes Help
@0 Al
Back Fomward Stap Refresh ~ Home:

| Addiess I@ hittp: £ 4sullive_1 Aucsfbind, 2/msfit cgilt0

Fullscreen

7

Mail

=

Edit

a4 & o9 ¥

Search  Favortes  History  Channels

Prieit

Press stop on your browser f you wish to abort this WS-Fit search prematurely.

Sample ID (comment): Magic Bullet digest
Database searched: SwissProt.r36

Molecular weight search {1000 - 100000 Da) selects 69977 entries.

1. 9417 matches (52%4). 509387 Da, pl=8.92. Acc #P15273. YEREW PROTELRT- TYROSTIE PHOSFHATASE YOFH
(VIRULENCE FROTED)..
mz

MH'  Delta

Peptide Sequence

start end Modifications

Full pI FANSE. 74019 entries. 1032.3776 1032.4613 -81.0835§296 303 R)FGMPDYFR:
Combimed melecular weight and pl searches select 69977 entries. ’ D (R)EGMEDYIR(Q)
MS-Fit search selects 6 entries 1048.3828 1048.4562 -70.06321296 303 R)FGMPDYFRI()) 1Met-ox
’ 1169.5016 1169.5915 -76.83218206 2160 R)NTLAPATNDPR(Y)
12545883 1254.6806 -73.56981457 468)(K)LAEGOGRPLLIVS(-)
Considered modifications: | Peptide N-terminal GIn to pyroGlu | Oxidation of I | Protein N-terminus Acetylatf |1503.6050 1503.7443 -92.6867| 180 194)(R)ATAPSTVSPYGPEAR(A)
Win # Peptides Peptide Mass  Peptide Masses  Digest  Wlaw # hissed  Cystemnes Peptide pf | 1558 6342 1987536 -74.7228} 165 1 79(R)ERPHISGHHGAGEAR(A)
to Mlatch Tolerance {(+-) are Tsed Cleavages  Modified by N terminus C f|163/6438 16397420 59,8806} 424 S3PRINSQLSVEDMVSQMR(Y) |} IMetox
4 15.000 I T . 1 lamide Hydr H) F 1655.6398 1655.7369 -58.632 7424 437 (R)NSQLSVEDMVSOMR(V) || 2Met-ox
YU Ppm - monmsotopic  Lrypsin acrylamice Hydrogen TE€ 4 117558062 1755.9605 8785621279 295|(R)IPVLAVL ASSSEIANOR(F)
Result Summary 8 nomatched masses: 1549.6147 1549.6359 1550,6284 1580.6739 16246016 1769.7882 1859 8237 2289.9302
The matched peptides cover 19% (91/468 A4's) of the protem. A
MOWSE # (“fn) Prote; SwissProt.a36 Coverage Map for This Hit (M 3-Dhgest mdex #); 71424
Rank Score Mlasses MW?];:)IJ‘ I Species Ac?:?assiou:# Protein Name
Matched 5
I
1 597  4/34 (11%) 50939.7/8.92 YEREN  P15273 PROTEIN-TYROSINE PHOSFHATASE YOPH (EC 3.1.3.48) (WVIRULENCE
PEOTETM).
1 507 4/34 (11%) 50954.7/9.03 YERPS P08538 PROTEIN-TYROSIMNE PHOSPHATASE YOPH (EC 3.1.3.48) (WVIRULENCE
=~ PROTED.
2 996  4/34 (11%) 60163.9/9.56 SOLTU  P32088 PROBABLE INTRON MATUERASE.
3 397 4/34 (11%) 819598 /8.75 MYCGE  P47486  PUTATIVE DA HELICASE DHOMOLOG (EC 3.6.1.-).
4 2 4/34 (11%) 95585.5/5.37 ECOLI P03815  CLPE PROTEIN (HEAT SHOCE PROTEIN F24.1). |
&l Dore # (%) : :
MOWSE Protein . SwissProt.r36 .
Rank Score MMasses MW (Da)/pI Species Accession & Protein Name
Matched P
PEOTEIN-TYEOSINE PHOSPHATASE YOPH (EC 3.1.3.48)
1  3.43eH004 9/17 (52%) 50939.7/8.92 YEEEN P15273
= ¢ ) (WVIEULENCE PEOTEIN).

45



Peptide Mass Fingerprinting (PMF)

— ldentify the sequence (ldentity) of an
unknown protein

In-Gel Digestion

‘214
Extract peptides;
mass analyze

Each protein has a unique peptide mass list

Database search 46




Two Ways of Measurement—
2. Peptide Sequencing (by MS/MS, or Tandem MS)

MQIPVKTLTGK ITLEVEPSDTIENVKWEDGRTLSDYNICK
TITILIEVEPSPTIENVK

Yis Y1a Y13 Y12 Y11 Y10 Yo Ys Y7 Yo Y5 Ya Y3

MS/MS
Tandem mass spectrometer 100 y, ESI-Q-TOF
s 8 § ylo
c —
@ ™
O — Y11
S Y7 f‘:||° <
L Y3 Ys Q
] ™ Yy
ol o Ya ™ Yo ays N Y Yis 7y
; @ g S N T I 3 ©
ION Transport o © ™ P Oy | N o 8K g
. L0 o) 0
SOURCE optics  Collision’\ DETECTOR © ‘ TR g 457 ¢
cell  nert | A N
400 600 800 1000 1200 1400 1600 180(

gas



Tandem Mass Spectrometry

4 h
PARENT e N\

MASS ANALYZER IS/~ N PRODUCT
PARKED, PASSING[ PARENTIONS MASS ANALYZER
ONLY PARENT IoONg ENTER MS 2 IS SCANNED,

NEUTRALS -IONS TO TO COLLISION COLLIDE WITH SCAN PRODUCT
FORMED IN PARENT MASS CELL Ar GAS AND ION SPECTRA TO

orsourcE || ANALYZER Ms 1 DISASSOCIATE THE DETECTOR

.'-'.'-'.:-_
®-
Y ® ® .

——
ION SOURCE Transport MS 1 Collision cell II MS 2  DETECTOR

optics Inert gas 48



In space

Methods of MS-MS

MS 1 Collision MS 2
cell

Precursor - o Product ion scan
ion selection ~ DIssociation

]y semE )

Frocduct ion scan

.‘_'_,_F"' - e
- — S —— —_—
"‘""x“ S .
Selaected el I Scamnnimg
TuE

Frecursor O scan

e g
T — il — e — 3=
—_— - "‘“'H“
Scannminmng L § I Selectedc
mE
Mleutral loss scan
—_— I L — -
— I — - R
— sy — 19
SCcannimo CIlCs Scanning

s = X s = Xx—a



Tandem Mass Spectrometry (MS/MS)

CJOeEE AN 060/AAOTIEOAE €0
comn D mO/vm OmOVOVEOUVE

lonization Source
MALDI
/Electrospray OEIDI DI@V—V‘I
onn oy, = _, ooomd l<5Wl
ODDIOV OV—V-I
QDBI&VJV \Vaz |

Molecular lon

Fragment lons

Molecular lons

50
m/z




Peptide Fragment Mass Spectrum

oorm  ooomo ooomOvY
1528

1400

Mass/charge

o1



X, ¥, %, X ¥, Z, X Y, E -
1 S S U S S W Peptide
B, 0 B0 R0 = R, 0 F i t-
. T I O | N I | IR -
HH —C—-C—-H—C—-C_-H—-C—-C-H—-C—C" ragmentation
| N I N = *,
H: H H: 'H H A H H OH
BB ¢ W OB ¢ A B¢
M termmal ions
§-P-A-F-D-S-I-M-A-E-T-L-K
(protonated mass 1410.68)
masst b-ions I-iuns masst
- - 88.1 & PAFD S IMAETLY 1323.6
a,b,c — N-terminal side 185.2 SP AFDSIMAETLE  1226.4
C inal sid 256.3 SPA FDSIMAETLE 1155.4
X,Y¥,Z — C-terminal side 403.5 SPAF DSIMAETLK  1008.2
518.5 SPAFD SIMAETLE 893.1
605.6 SPAFDS IMAETLY 806.0
718.8 SPAFDSI MAETLK £92.3
850.0 SPAFDSIM AETLE 561.7
921.1 SPAFDSIMA ETLK 490.6
1050.2  SPAFDSIMAE TLE 361. 5
1151.3 SPAFDSIMAET LK 260. 4
1264.4  SPAFDSIMAETL K 147.2



Residue
Mass of
Amino
Acids

Name Symbol Residue mass Side-chain
Alanine AAla 71.079 CHs-
Arginine R,Arg 156.188 IN=C(NH2)-N-(CHz2):

Asparagine N,Asn 114.104 H2N-CO-CHa-
Aspartic acid D,Asp 115.089 HOOC-CHz2-
Cysteine C,Cys 103.145 HS-CHa-
Glutamine Q.GIn 128.131 H2N-CO-(CH2)2-
Glutamic acid E,Glu 129.116 HOOC-(CH2)2-
Glycine G,Gly 57.052 H-
Histidine H,His 137.141 Imidazole-CHa-
Isoleucine Llle 113.16 CH3-CH2-CH(CH?3)-
Leucine L,Leu 113.16 (CH3)2-CH-CHoa-
Lysine K,Lys 128.17 H2N-(CH2)s-
Methionine M,Met 131.199 CH3-S-(CH2)2-
Metsulphoxide Met.SO 147.199 CH3-S(0)-(CD2)2-
Phenylalanine F,Phe 147.177 Phenyl-CHa-
Proline P,Pro 97.117 Phrrolidone-CH-
Serine S,Ser 87.078 HO-CH2-
Threonine T,Thr 101.105 CH3-CH(OH)-
Tryptophan W, Trp 186.213 idole-NH-CH=C-CH
Tyrosine Y, Tyr 163.176 4-OH-Phenyl-CH2-
Valine V., val 99.133 CH3-CH(CH2)-
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F (phenylalanine): 147.177

S (Serine) : 87.078
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