Proteins

Proteins

Proteins (Myoglobin)

154 amino acids
17,266 Daltons
~1,900 atoms (1,264 atoms shown)




Structure/ Sequence Relationship

Equus_cabal | us - GL SDGEVWQQVLNVWEKVEADI AGHGQEVLI RLFTGHPETL EKFDKFKHLKTEAEMKASE 59
El ephas_mmaxi nus - GLSDGEVEEL VL KTWGKVEADI PGHGEFVLVRLFTGHPETL EKFDKFKHLKTEGEMKASE 59
Hono_sapi ens MGLSDGEWQL VL NVWGKVEADI PGHGQEVLI RLFKGHPETLEKFDKFKHLKSEDEMKASE 60
Physet er _cat odon MVLSEGEWQL VL HWWAKVEADVAGHGQD! LI RLFKSHPETLEKFDRFKHLKTEAEMKASE 60
Physet er _cat odon_HbA - VLSPADKT] HAADFGAEAL STKTYFSHF- DLG - - - - HNST 53
Physet er _cat odon_HbB VHLTGEEKSGL TALWAKVN- - VEEI GGEALGRLLWYPWI QRFFEHFGDLSTADAVMKNP 58
Equus_cabal | us DLKKHGTWLTAL GGl LKKKGHHEAEL KPLACQDHATKHKI Pl KYLEFI SDAI | HVLHSKH 119
El ephas_maxi nus DLKKQGVTVLTAL GG LKKKGHHEAEI QPLAQBHATKHKI Pl KYLEFI SDAI | HVLQSKH 119
Horo_sapi ens DLKKHGATVLTAL GGl LKKKGHHEAEI KPLAQSHATKHKI PVKYLEFI SECI | QULQSKH 120
Physet er _cat odon DLKKHGVTVLTAL GAl LKKKGHHEAEL KPWAQBHATKHKI PI KYLEFI SEAI | HVLHSRH 120
Physet er _cat odon_HbA QVKGHGKKVADAL TKAVGHL DTL PDAL SDL SDLHAHKL RVDPVNFKLLSHCOLLVTLAAHL 113
Physet er _cat odon_HbB KVKKHGQKVLASFGEGL KHL DNLKGTFATL SELHCDKL HVDPENFRLLGNWLVWVLARHF 118
Equus_cabal | us PCDF MTKALEL FRNDI AAKYKELGFQG 153

El ephas_maxi nus PAEFGADAQGAMKKAL EL FRNDI AAKYKELGFQG 153

Hono_sapi ens PGDFGADAQGAMNKAL EL FRKDMASNYKELGFQG 154

Physet er _cat odon PGNFGADAQGAMNKAL EL FRKDI AAKYKELGYQG 154

Physet er _cat odon_HbA PCGDFTPSVHASLDKFLASVSTVLTSKYR- - 141

Physet er _cat odon_HbB GKEFTPELQTAYQKVVAGVANAL AHKYH: 146

Equus_cabal | us - GLSDGEVWQQVLNVWGKVEADI AGHGQEVLI RLFTGHPETLEKFDKFKHLKTEAEMKASE 59
El ephas_maxi nus - GLSDGEVEEL VL KTWEKVEADI PGHGEFVLVRLFTGHPETLEKFDKFKHLKTEGEMKASE 59
Horo_sapi ens Mb MGL SDGEWQL VL NVGKVEADI PGHGQEVL| RLFKGHPETLEKFDKFKHLKSEDEMKASE 60
Physet er _cat odon MVLSEGEWQL VL HWWAKVEADVAGHGQD! LI RLFKSHPETLEKFDRFKHLKTEAEMKASE 60
Physet er _cat odon_HbA - VLSPADKTNVKAAWAKVGNHAADFGAEAL ERMFVBFPSTKTYFSHF- DLG - - - - HNST 53
Physet er _cat odon_HbB VHLTGEEKSGL TALWAKVN- - VEEI GGEAL GRLL WYPWI QRFFEHFCDLSTADAVMKNP 58

Conserved

Equus_cabal | us DLKKHGTWLTAL GGl LKKKGHHEAEL KPLAQDHATKHKI PI KYLEFI SDAI | HVLHSKH 119
El ephas_maxi nus DLKKQGVTVLTAL GG LKKKGHHEAEI QPLAQSHATKHKI PI KYLEFI SDAI | HVLQBKH 119
Horo_sapi ens DLKKHGATVLTAL GGl LKKKGHHEAEI KPLAQSHATKHKI PVKYLEFI SECI | QULQBKH 120
Physet er _cat odon DLKKHGVTVLTAL GAl LKKKGHHEAEL KPWAQSHATKHKI PI KYLEFI SEAI | HVLHSRH 120
Physet er _cat odon_HbA QVKGHGKKVADAL TKAVGHL DTL PDAL SDL SDL HAHKL RVDPVNFKLLSHCLLVTLAAHL 113
Physet er _cat odon_HbB KVKKHGOKVLASFGEGLKHL DNLKGTFATL SEL HCOKL HVDPENFRLLGNWLWVLARHF 118
Equus_cabal | us PGDFGADAQGAMIKALEL FRNDI AAKYKELGFQG 153

El ephas_maxi nus PAEFGADAQGAMKKAL EL FRNDI AAKYKELGFQG 153

Hono_sapi ens PGDFGADAQGAMNKAL EL FRKDMASNYKELGFQG 154

Physet er _cat odon IMNKAL EL FRKDI AAKYKELGYQG 154

Physet er _cat odon_HbA PCDFTPSVHASLDKFLASVSTVLTSKYR- - 141

Physet er _cat odon_HbB GKEFTPELQTAYQKVVAGVANAL AHKYH: 146

Equus_cabal | us - GLSDGEVWQQVLNVWGKVEADI AGHGQEVLI RLFTGHPETLEKFDKFKHLKTEAEMKASE 59
El ephas_maxi nus - GLSDGEVEEL VL KTWEKVEADI PGHGEFVLVRLFTGHPETLEKFDKFKHLKTEGEMKASE 59
Horo_sapi ens Mb MGL SDGEWQL VLNVGKVEADI PGHGQEVL| RLFKGHPETLEKFDKFKHLKSEDEMKASE 60
Physet er _cat odon MVLSEGEWQL VL HWWAKVEADVAGHGQD! LI RLFKSHPETLEKFDRFKHLKTEAEMKASE 60
Physet er _cat odon_HbA - VL SPADKTNVKAAWAKVGNHAADFGAEAL ERMFVBFPSTKTYFSHF- DLG - - - - HNST 53
Physet er _cat odon_HbB VHLTGEEKSGL TALWAKVN- - VEEI GGEAL GRLL WYPWI QRFFEHFCDLSTADAVMKNP 58

Conserved <

Equus_cabal | us DLKKHGTWLTAL GGl LKKKGHHEAEL KPLAQDHATKHKI PI KYLEFI SDAI | HVLHSKH 119
El ephas_maxi nus DLKKQGVTVLTAL GG LKKKGHHEAEI QPLAQSHATKHKI PI KYLEFI SDAI | HVLQBKH 119
Hormo_sapi ens DLKKHGATVLTAL GGl LKKKGHHEAEI KPLAQSHATKHKI PVKYLEFI SECI | QULQSKH 120
Physet er _cat odon DLKKHGVTVLTAL GAl LKKKGHHEAEL KPWAQSHATKHKI PI KYLEFI SEAI | HVLHSRH 120
Physet er _cat odon_HbA QVKGHGKKVADAL TKAVGHL DTL PDAL SDL SDL HAHKL RVDPVNFKLLSHCLLVTLAAHL 113
Physet er _cat odon_HbB 118

Equus_cabal | us

El ephas_naxi nus
Homo_sapi ens

Physet er _cat odon
Physet er _cat odon_HbA
Physet er _cat odon_HbB

KVKKHGOKVLASFGEGLKHL DNLKGTFATL SEL HCDKL HVDPENFRL LGNVL WVLARHF

—

Conserved ?

PCDFGADAQGAMTKALEL FRNDI AAKYKELGFQG 153
PAEFGADAQGAMKKAL EL FRNDI AAKYKELGFQG 153
PGDFGADAQGAMNKAL EL FRKDMASNYKELGFQG 154

MNKAL EL FRKDI AAKYKELGYQG 154
PCDFTPSVHASLDKFLASVSTVLTSKYR- - 141
GKEFTPELQTAYQKVVAGVANAL AHKYH: 146




Structure/ Sequence Relationship

To understand and manipulate protein sequence
and structure we have to know:

e The 20 ‘naturally occurring’ amino acids
e Their physical properties
e The nature of the peptide bond connecting them

o Possible modifications that can occur after synthesis

Amino Acid Properties

Aliphatic

The Amino Acids

¥t Know the code — Learn name, abbreviation and structure




Aliphatic Amino Acids 1
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Aromatic Amino Acids
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Histidine?




Hydroxyl Containing Amino Acids

Serine
(ser.5)

Serine
(Ser, 5)

Threonine
(The,T)
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Tyrosine?

Basic Amino Acids
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Acidic Amino Acids

Aspartate
(Asp, D)
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Amide Containing Amino Acids
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Properties of AAs

Main chain chirality

Side chain chirality

Main chain ionization

Side chain ionization

Mass

Absorbance

Hydrogen bond interactions
Salt bridge interactions

Structural implications - Thursday




Main Chain Chirality
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Main Chain lonization

™ Both groups
deprotonated

Zwitterionic form

Both groups
' -~ protonated
0%
0 2 4 [ 8 0 12 14
| S|
pKa~2 pKa~9

Evaluating ionization state with pH & pK,
What ispH?
pH =-log;o[H"] = logy,(L[H*])
What ispK?
Consider aweak acid,
HA <> H'+A

The equilibrium constant, K, for thisrxnis:
Ka=[HTAHA]

PK, = -logK, = log (U/K,) = log ([HA]/[H'][AT)

Evaluating ionization state with pH and pK

pH
pK,

log (U[HT)
log ((HAJ/[H][AT)

= log (W[H*]) + log ([HAJ/[AT)
PK, = pH+ log ([HAJ/[AT)

when [HA] = [A] i.e. the acid is 50% protonated
(HA <> H*+A)

pKa =pH

in other words...
pK, is the pH at which the acid is 50% ionized




TABLE 3.4  pK, values of some amino acids
pK, values (25°C)

a-COOH  o-NH;" Side
Amino acid group group chain
Alanine 23 9.9
Glycine Z4 9.8
Phenylalanine 1.8 9.1
Serine 24 9:2
Valine 2.3 9.6
Aspartic acd 2.0 0.0 39
Glutamic acid 22 9.7 4.3
Histidine 1.8 9.2 6.0
Cysteine 138 0.8 8.3
Tyrosine 2.2 9.1 10.9
Lysine 22 9.2 108
Arginine 1.8 9.0 12.5

After ]. T Edsall and J. Wyman, Biophysical Chemistry
(Academic Press, 1058), Chapter §

The titration curve of a dibasic amino acid

Isoelectric Point (pl):

pH at which an amino acid
has no NET charge

For an amino acid with an
uncharged R group:

pl=(pK; + pKy) / 2

Thus, for Gly:
pl=(2.34+9.60)/2
OH' (equivalents) - 597

The titration curve of 0.1 M glycine at 25 °C.

The titration curve of a tribasic amino acid

©
oo con con con : f .
HN-CH H,N-CH H:N-CH HN—CH IsoeIeCtrIC POInt (pl)
& UK, c, pH at which an amino acid
o 2 P . CH, i CH; 2% CH,
CO0H ook Coo oo has no NET Charge
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|
IL For an amino acid with a
| charged R group:
pl = the average of the
pKs "flanking" the neutral

ionization state

R Thus, for Glu:
! : pl=(2.19+4.25)/2
=3.22

OH g

The titration curves of glutamate




Why do we have to learn all this pl stuff?

* Remember: a protein's function depends on its
structure

« A protein's structure, as you will see in the next class,
depends on its charge (pl)

« Aprotein's pl depends on the pK, of all its amino
acids

Side Chain lonization

Amino Acid pKaValues

pKavalues depend on the environment:
A nearby positive charge will shift pKavalues down
(resulting in less positive charge)
A nearby negative charge will shift pkKavalues up
(resulting in less negative charge)
A low didlectric environment (hydrophobic protein core) will:

Shift the pKavalue of abasic group down (less charge)
Shift the pKavalue of an acidic group up (less charge)

Calculating pKa shiftsin aprotein is difficult

Coulomb’s Law (F=q,0,/4neR?) ¢ (protein core) ~ 4, ¢ (water) =~ 80

10



Protein | sodl ectric Point

The Isoelectric point (pl) isthe pH value at which the net
charge of the protein will be zero

The pl can be measured using isoelectric focusing gels

The pl can be estimated by using the standard pKa values
for al of therelevant* ionizable groups in a protein

See http://ca.expasy.org/tools/pi_tool.html

* Remember: only one amino- and one carboxy- terminus

Amino Acid Masses

Monoisotopic | Average Mass

A Ala CHON 7108711 7L0788

R Arg CoHyON, 15610111 1561875

N Asn CHON, 114.04293 114.1038

D A CHON 11502694 1150886

c oys CHONS 103.00919 103.1388

E Gu CHON 129.04259 129.1155

Q Gin CHON, 128.05858 128.1307

G Gy CHON 5702146 57.0519

H His CHON, 137.05801 1371411 Asst ino acids are
! lle CeHuON 113.08406 1131504 linked by peptide bonds
L Leu CgHy,ON 113.08406 113.1594 (H,0 removed)
K Lys CiHiLON, 128,049 128.1741

™ Met CHONS 13104049 1311926

F Phe CHON 14706841 147766

3 Pro CHON 9705276 971167

s Ser CHON 87.08203 87.0782

T e CHON 10104768 1011051
w P CuHiON, 186.07931 186.2132

Y TV CHON 163.06333 163.1760

v vd CHON 99.06841 991326

See http://ca.expasy.org/tools/pi_tool.html

Absorbance

10,000 —

8,000 §

6000 [

2,000

2,000

Extinction coefficient (M~ em™")

220 240 260 280

Wavelength (nm)

& (Trp) = 5690 M1 e
& (Tyr) = 1280 M-t cmrt

300

Beer's Law
A=ecl

A = absorbance

& = extinction coefficient (M1 cmrl)
¢ = concentration (M)

| = pathlength (cm)

Absorbance at 280 nm usually used
for protein quantification

Note: Cysteine absorbs at 280 nm if
disulfide bonded (¢ = 60 M- cm®)

See http://ca.expasy.org/tools/protparam.html
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Parametersfor the L L -alph: d:
AminoAcid 3-Letter Code 1-Letter Code Hydrophobicity
Alanine Ala A 0.616
Cysteine Cys © 0.680
Aspartate A D 0.028
Glutamate Glu E 0.043
Phenylalanine Phe F 1.00
Glycine Gly G 0,501
Histidine His H 0.165
Isoleucine lle | 0.943
Lysine Lys K 0.283
Leucine Leu L 0.943
Methionine Met M 0.738
Asparagine Asn N 0.236
Proline Pro P 0.711
Glutamine Gln Q 0.251
Arginine Arg R 0.000
Serine Ser S 0.359
Threonine The T 0.450
Valine va \ 0.825
Tryptophan Tip w 0.878
Tyrosine Tyr Y 0.880

http://psyche.uthct.edw/shaun/SBlack/aagrease. html

Hydrogen Bond Interactions

=9
Sharing of hydrogen

Sidechainsof W, Y, S, T,N, Q, D, E,K,R

Salt Bridge Interactions
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Charge — charge interactions
Typically between (D or E) and (K, R or H)
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Peptide Bond
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Peptide bond resonance structures

Additional stability due to resonance

Peptide Bond Planarity
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Main Chain Geometry (phi and psi)
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Omega can be 180° (trans) or 0° (cis) in proline

Ramachandran Plot
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Posttrandational M odifications
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Phosphorylation
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Posttrand ational M odifications
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Glycosylation

Posttrand ational M odifications
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Posttrand ational Modifications
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Methylation
Hydroxylation

Acetylation (“ histone code”)
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Posttrand ational Modifications
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Disulfide formation

Posttrand ational Modifications

Green Fluorescent Protein

Next Class
Protein Structure
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