Lecture (9/27/24)

* Reading: Ch3; 90-

1.Determination
a. Sequence determination; CHEMICAL

93, Box 3-2
OUTLINE » Homework: #8
|. Protein Structure NEXT
A.Primary e Reading: Ch4; 119-

122, 125-127,131-

123-124
* Homework: #9

and determine number of chains;

. Divide & Conquer;

. Edman Degradation
Sequence determination; PHYSICAL
Mass Spectrometry for proteins

Use of tandem MS/MS for sequence determination

iii. Isolation of proteins by 2D PAGE; Isoelectric focusing x SDS-PAGE

Sequence determination; BIOLOGICAL

Genome sequenced

Bioinformatics to predict protein sequences in predicted genes

ii. Use of CHEMICAL and/or PHYSICAL methods to get partial sequence

133;114-115,120-121,

Biochemistry I

@ Roster

O Extensions

Instructor

@ Dean Tolan

(2] Help

¢ LogOut

@) Account

=i Dashboard

[@ Assignments

Course Actions

& Edit Account

jget sta

BI/CH 421

& Course Settings

® Unenroll From Course

Bl Getting Started Guij

\

rieg

dligradescope <=

~

BI/CH 421

Course 1D: 631340
Description
section A1

£ Active Assignmer

EXAM 1

Edit Course Member

© Edit roster information for this course member,

* Required field

Full Name *
Perfect Student

First Name

Sections

Select Sections.

— -

40

9/27/24



9/27/24

Determination of primary structure

4) Determine the number of peptide chains by
counting number of amino terminal ends

What holds these levels of structure together? ... non-covalent bonds (H-bonds,
van der Waals, ionic, hydrophobic)

What have you used in the lab that might disrupt non-covalent bonds? .......Urea, SDS, pH extremes, heat, etc.

What about the covalent S-S bond? ....... 2-mercaptoethanol (B-mercaptoethanol, BME) or dithothreitol (DTT).

[¢]

0 i
i et —NH—CH—C— =+

v —=NH—CH—C— +++
| CH,
CH, |
i SH
S SCH,CH,OH
+ 2HSCH,CH,OH — + +
SCH,CH,0H
SH
CH, O |
| I CH, O
NH—CH—C— --- Sl
s ~NH—CH—C— +++
Cystine 2-Mercaptoethanol Cysteine

To keep disulfides from reforming.....
1) keep BME at high concentration in buffers

2) alkylate or oxidize the SH groups




Determine the number of peptide chains by counting

number of amino terminal ends [Example:
small tripeptide

Frederick Sanger . AA comp =*A,K,L
(1918-2013) . C-term =K
. DNP-A
e Sequence is A-L-K
NO,
Sanger’s Reagent
NO,
NH, NH Amino Acids

—— ®n L
+ R,—C—H C—H +
- | | H*

i ?zo HF (fzo DNP-AA
F . .

2,4-Dinitrofluoro- Polypeptide DNP-Polypeptide
benzene (DNFB)

Fig 3-26 *Used carboxylpeptidase (more later) Absorbs at 353 nm (yellow)

Determine the number of peptide chains by counting
number of amino terminal ends

N(CHy),

Py o9 P g
O + H;N—CH—C—NH—CH—C—NH—CH—C— -+-
O=8=0
I
cl
5-Di hylamino-1 hthal Ifonyl chloride Polypeptide
(dansyl chloride)
on- Dansylation
HCI
Fluorescence detection is
N(CHy)y hundreds of times more sensitive:
less protein needed
We H. e
TO" R, O R, O Ry Stanfrd HMowre

| | ] | il
NH—CH—C—NH—CH—C—NH—CH—C—:.. =

Dansyl polypeptide b e s e e —]
H0—| o gt feas=
N(CHg), v 0T T [T BiE—
o LB UL LT
- A R AL S N
e® ¢ b "
o NH—CH—C—OH + 113§ —~CH—COOH + li3§—Cll—000H + oo
EXC.ItaFIOFI at 330 nm Dansylamino acid Free amino acids
Emission at 519 nm (fluorescent)
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Determination of primary structure

5) Divide into fragments and determine sequence

6) Divide into different set of fragments and
determine sequence

Determination of primary structure

5) Divide into fragments
6) Divide into different set of fragments
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Divide into fragments:

TABLE 5-4 Specificities of Variou§ Endopeptidases )

Proteolytic Cleavage

R,y O R, O
| I [
—NH—CH—C—— NH—CH—C—
Scissile
peptide bond
Enzyme Source Specificity Comments
Trypsin Bovine pancreas R = positively charged n:xiducs:@ Highly specific

R,:Pm

11

Chymotrypsin Bovine pancreas = _hylky hydrophobic maiduc\:@ Cleaves more slowly for
R, # Pro R..; = Asn, His, Met, Leu
Elastase Bovine pancreas R,.; = small neutral residues: Ala, Gly
Ser, Val; R, # Pro
Thermolysin Bacillus thermoproteolyticus R, = lle, Met, Phe, Trp, Tyr, Val; Occasionally cleaves at R, = Ala,
R,., # Pro Asp, His, Thr; heat stable
Pepsin Bovine gastric mucosa R, = Leu, Phe, Trp, Tyr: R, # Pro Also others: quite nonspecific;
pH optimum = 2
Endopeptidase V8 Staphylococcus aureus R, = Glu
“TABLE 5-5” Specificities o Exopeptidase )
Re-y O R, O
| I | I
—NH—CH—C- NH—CH—C—O"
Scissile
peptide bond

- Carboxylpeptidase A Bovine pancreas Rn = C-terminal; Ru-1 # Pro

Divide into fragments:

Cvanogen Bromide Cleavage

CH l

Methionine | ¢y Hy
& S Rl
cit,  Cyanogen B
i bromide CH,
= NH=CH o CHy
- 0
| es=NH—C
NH (]:u c
i
R O
r&“r
CH,
C_F C N —CH
- ¢, Y,
CH, ver=NH—C~ o’
i o |
cee—NH (I_I'. o 0
(’I Peptidyl
:NH — (;H _ﬁ, homoserine
II( o lactone
+
l H‘,f\'~(!7l|—‘
R O

Imine intermediate
(Schiff base)

C—sos

Similar result as an endopeptidase, but leaves a homoserine lactone as the C-terminal residue

Copyright © 2016 John Wiley & Sons, Inc. All rights reserved.

WILEY
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Separation and isolation of peptide
fragments

protein

(a)
digest le streak .
Lt sample strea Example: paper electrophoresis

N\

X .~ Also, TLC, silica gel, etc.

®)
= hl” 8 N
( N\ / "-_-,,i \ \ \
U= /ﬂ N R
\.‘ \1’7 —_— | ‘1 7 ‘
\ ”_J Direction of & )
Buffer migration
() . —

\ g ! .
N\ .
e e, |

=

e -

LA S |

- R s SR >
Cut sample strip from

electrophoretogram and expose to Ninhydrin 49

Determination of primary structure

1) Purify protein

2) Determine the amino-acid composition, including
stoichiometry

3) Disrupt structure (2°, 3°, 4°, and disulfides)

4) Determine the number of peptide chains by counting number of
amino terminal ends, by Dansyl chloride or FDNB

5) & 6) Divide into fragments, using that
cleave peptide bonds only after specific residue, and determine
sequence with Edman degradation.

7) Determine overlaps and piece original sequence back together

| |

(cleaved with Val—Leu—Lys Ser—Phe—Gly—Arg Tyr—Ala—GIn—Thr
trypsin)

Set2
(cleaved with Val—Leu—Lys—Ser—Phe Gly—Arg—Tyr Ala—GIn—Thr

chymotrypsin)




Determination of primary structure:
Divide & Conquer

(Alag, Gly, Lys,, Phe, Thr, Trp, Val)

Digestion
and
Edman degradation

Trypsin Chymotrypsin

Ala — Ala — Trp — Gly — Lys Val — Lys — Ala — Ala — Trp
Thr — Phe — Val —Lys Gly —Lys Thr — Phe
Arrange
fragments
Tryptic peptide Tryptic peptide

Thr — Phe — Val — Lys — Ala— Ala — Trp — Gly — Lys
Chymotryptic overlap peptide

Determination of primary structure

determine sequence

determine sequence
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’/' R, O R, O R, O
N=C=S + CH—C—NH—CH—C—NH—CH—C— ++» =—
v
Phenylisothiocyanate Polypeptide
(PITC)
OH
Y
. R On R |‘(‘ o0
NH—C—NH—CH—C—NH—CH—C—NH—CH—C— +:-
- N o
Phenylthiocarbamyl (PTC)-polypeptide
| anhydrous
|F
0
C R, O l‘ck o
+ I
+ HyN—CH—C—NH—CH—C— +++» —
N s

Original polypeptide less
its Noterminal residue

N
H

Thinzolinone derivative

Phenylthiohydantoin (PTH)-amino acid

Determination of primary structure

7) Determine overlaps and piece original sequence
back together 56
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s Procedure Conclusion

ypeptide

Jaragine N (Asn) is amino.
terminal residue.

GASMALIK

o pme NGAAWHDFNPIDPR

QCVHSD

WLIACGPMTK

R (Arg) or K (Lys).

O isita C-1) NGAAWHDFNPIDPRGASM  (C-3 overlaps with

C-2) TKQCVHSD and allowing
them to be ordered
3 ALIKWLIACGPM

¥ Adning NGAAWHDFNPIDPRGASMALIKWLIACGPMTKQCVHSD ‘;"""_“1
terminus GPMTRQY terminus

Determination of primary structure

THREE basic ways to know the primary structure. Only the
CHEMICAL method will give the entire covalent structure, including
any disulfide bonds. But other methods are more sensitive. One
can classify these methods by:

CHEMICAL

PHYSICAL

“BIOINFORMATICAL”

We just went through the CHEMICAL.
The PHYSICAL method still requires the same strategy,
including purification, fragmentation, chromatography, and
alignment.

But, instead of an Edman degradation the use of
tandem Mass Spectrometry (MS) is employed.

Lets look at the use of MS in biochemistry

+ lons “fly” in a vacuum toward a target with a velocity « z/m (charge-to-mass ratio)
» Molecules with higher charge and lower mass get detected first.

* Molecules with a lower charge and higher mass get detected last.

» Plotted as m/z to read peaks from left to right

* Instruments can distinguish molecules with same charge by <1 Da

9/27/24



Determine the Sequence: Tandem MS

The major problem in using
MS for macromolecules is

getting them to samoe__ G oy
“ 9 s solution ' iq
fly” in a vacuum .

.
with a charge. b
TWO majOr pressure vacuum

methods:

1) Electro-Spray
lonization (ESI)

2) Matrix-Assisted

ESI

Laser-
Desorption
lonization Mass = (m/z) X z
(MALDI)
(m/za) X za = (M/zB) X ZB
893.3z = 848.7(z+1)
What is 893.3z = 848.7z+848.7
848.7 = 7(893.3-848.7) = z44.6
MALDI? (Bp2 5387

848.7/44.6:Il9 =z]|

Mass = 893.3x19 = 16,973
Mass = 848.7x20 = 16,974
Mass = 1696.3x10 = 16,963

s

Relative abundance
(=]
I

6+
Mass analyzer lT ‘[

i e s — /.
- Detector ESI mass spectrum
—

High vacuum

g
T

2
14180

20 - ) [

1381

oTRG - 18847

TR T NN CTATEATY LY LW VR NI S A S|
600 800 1000 1200 1400 1600 1800 2000
milx

Figure 5-17

Molecules with higher charge and lower mass get detected first.
Molecules with a lower charge and higher mass get detected last.
Plotted as m/z to read peaks from left to right (first detected to last)|

Determine the Sequence:

The major problem in using
MS for macromolecules is
getting them to
“fly” in a vacuum
with a charge.
TWO major
methods:
1) Electro-Spray
lonization (ESI)
2) Matrix-Assisted

ESI

8.7) = 744.6

Laser-
Desorption
lonization Mass = (m/z) X z
(MALDI)
(m/za) X za = (M/zB) X ZB
893.3z = 848.7(z+1)
. 893.3z = 848.72+848.7
What is 848.7 = 2(893.3-84
MALDI?

848.7/44.6:Il9 =z]|

Mass = 893.3x19 = 16,973

Mass = 848.7x20 = 16,974
Mass = 1696.3x10 = 16,963

(a)

Relative intensity (%)

(b)

Tandem MS

Mass
Glass Sample
capillary solution SPECHOMmetet,
— vt
N
High
voltage
Vacuum
interface
£
100 47342 2
2
50+ s0f 5
100 l £
2
| 0
1 S 1‘ 40+ 47,000 48,000 £
| Mr £
1 2
=
50 ‘ 30+ E
| g
(! \ l E
| =
25| ' ' J | | s £
al UL "J‘\.l / | Lﬂ g
0 T T T T T T T T o
800 1,000 1,200 1,400 1,600

m/z
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MS1 Collision

chamber Ms2
Protein ") *J' [ @ @ ] I
o P P IV
Q< v e
izati \ ? |setected | @39
lonization o o A
& i Fragmentation Mass analysis
Isolation

© Joha Wikey & Soms, Inc. Al rights reserved.

* Mass spectrometry uses mass-to-charge ratio of different
ions to determine mass

+ Tandem MS-MS: First selects a peptide, then fragmentation,
and second determines mass of fragments

* By comparing results of all fragments, you can find masses
that differ by mass of one amino acid to determine sequence

pl
P,
M1 P3” ~.Ms2
Py
P,
/ Collision

cell FiFaFaFy Fs
| |

al S = .===.
J.B. Fenn K. Tanaka
[ peiecor]

Nobel Prize in Chemistry 2002 o Bl e g L i 5 T

« EXAMPLE
AVAW (m=495)
AA MW

Ala 90 hcl(h)
Val 109 & o) o o

1l I il il
Trp 206 “NH;3 -CH-C—NH —CH—C~ NH~ CH~C~NH~CH~C~ OH
1 1

CH; CH 3 ‘CH;
& Non. ¥ %
H; CH;
as

2" \N—0
E;m

AVAW

THEREFORE:
EITHER 495

Fip-Adasidadal 90
ﬁ@la + Val-Ala But, can’t be : 206 | ‘ ‘
a_

10n: The crossed out
la-T
% aﬂé‘f?&% s oge gadhes hseetge Ll L
Trp and Ala need as cy
To be at the ends due to ¢; and a3 data.

mlz Mo

9/27/24
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« EXAMPLE
AVAW (m=495)
C2
AA MW
Ala_ 90 h Ci(yn)
Val 109 5 5 4 0 5
Trp 206 *NHMT"H-{';L m{~£;H—g— NH - gH—r‘;LNH ~CH-~ -0
CHs CH M4\ CH3 CH
—I7 e
as /
as ﬁ
AVAW
THEREFORE:
199 495
EITHER 206
Tip-AdasAdaal , 90
Trp-Ala + Val-Ala But, can’t be | 206
Ala-Val + Ala-Trp The crossed out l L
ValAlat AlaTes Sequences because
Trp and Ala need as az ¢, Cam /2 mg
To be at the ends due to c¢; and a3 data.
+ EXAMPLE
c
AVAW (m=495) ’
AA MW
Ala 90
Val 109 o) o o o
Trp 206 *NH;-()JH-(':': B m{—qn—g— NH— %)H—C“—NH ~CH~ -0
CHs CH 3 CH; CH
N
H
al (bl )
AVAW
ES}EELUSION: 199 495
: 289296 405
Trp-Ala-Val-Ala 20
Ala-Val-Ala-Trp | 206 |
The 405 of c; supports Val-Ala-Trp L
The 289 of a; supports the Ala-Val-Ala; a1 m/z ©3 mg

If you know the 405 is c and 289 is a, there is only one %ssibility

9/27/24
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Determine the Sequence: Tandem MS

+ EXAMPLE
c
AVAW ’
C2
AA MW
Ala 90 hcl(YI)
Val 109 ) o) 4 o) o
Trp 206 *NHaAC’ZH—CILNHA?Hfg—NH—A'?H~8~NH*?H—<%~OH
CHaI CH A (CH; CH
CﬁB\CH3 @
as /
as u
al(bl)
AWVA AVAW
199 495 199 495
296 405 589296 405
90. 0.
206 |
I
as c3 axm/z a my asz az ¢; alczm/Z C3 my
Ci c3

There is an issue with K & Q, which have the same MW/

Determine the Sequence: Tandem MS

- EXAM G-V-L-V-V-A-A-5-G-N-5-G-A-G-5-1-5-Y-P-A-R - Another method
2 g first selects for
z S Justthe C-

AA MW -y gl _ | peptides

Ala 90 5 -~ s|$8 |3

Val 109 2 z 32 |3

c = o é
Trp 206 '?i‘ 8 % 5 §
& 83 32
%] 8
200 400 600 800 1,000 1,200 1,400 1,600 1,800
(b) Mass (m/z)
Figure 3-31
Lehninger Principles of Biochemistry, Seventh Edition
© 2017 W. H. Freeman and Company
199 495 199 495
296 405 289296 405
90. 90.
l 206 |

as c; azm/z al mg as az C1 alczm/z s Mo
Ci

C3There is an issue with K & Q and L & I, which have the same MW

9/27/24
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Determination of primary structure

THREE basic ways to know the primary structure:
CHEMICAL Edman Degradation requires >100 pmole (1-5 nug)
PHYSICAL MS/MS requires >1-10 pmole (100-500 ng)
BIOINFOMATICAL

39VdSAS

=L

Determination of primary structure

THREE basic ways to know the primary structure:
CHEMICAL Edman Degradation requires >100 pmole (1-5 ug)
PHYSICAL MS/MS requires >1-10 pmole (100-500 ng)
BIOINFOMATICAL

We just went through the CHEMICAL and PHYSICAL.

The BIOINFORMATICAL method requires information from

chemical or physical, but only a limited amount of sequence.

« Example: a sequence of 6 AA is only possible as one of 208 possible
hexa-peptide sequences (1 of 64x1065).

» There are no more than 50,000 protein-coding genes with <400 AA on
average. This is ~20 x 108 possible unique sequences.

» S0, a hexamer is not likely to appear more than once.

» Once you have at least 6 AA sequence, you can compare that to all
possible proteins encoded in the entirety of the gene sequences
( ) for a species for which the is known using
appropriate bioinformatic tools. This will then give you the entire
protein sequence.

There is one remaining issue: Where are the Disulfides, if any?

......This requires chemical and/or physical methods

9/27/24
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i S—— Determine which Cys are in

polypeptide chains.
linked by & - -
disuttde bond) S ] D If d b d
Isuitiae nonas
Recuce the Gisulfide
1 bonds and separate
he chains.
T— et B—
Use chemical or enzymatic Use different methods 10
methods 1o break each pody- (2a Zenerate o Gifferent sot
peptide ino smaller peptides. of pegtide fragments.
— ) = | rem— '}
=
ey ]
Datermine the
3a sequence of cach (3
peptide fri
Trr-Asp-de. Ser-Gy-Gu Cys-Tyr Cp-Pre
PoCyn-lyelys  He-Aso-hr-Ors-Pre-Ag Lys-The-Asp-tie ATy
Gy-CysAls-Gy- A Ciy-Voi-Aa-Giy-Ag-Phe  Ang-Ser-Giy-Gau
Use the two sets of overlapping
4 DEPUOE SEQUENCES 10 FECONSINLCT
Regions of overlapping the sequence of each poypeptide.
Ms\
Mym'w'l:m'w ”‘W'm
GhyCys Ala-Gly-A-Pra Cys-Tn Lys-Thv-As-lle s-AariNe Cys-Phe ArE-Ser-Gir-Gh
Giy-Cys Mo-Goy-Mg-Phe-Cys-Tyr-Lys-Th-Aso-e Ms-Asn- Iy7-Cys-Pre-Ag-Ser-Gly-Ghy-
fragmentation without
. breaking disulice bonds to identify
Which of these 8 the Cyscontaining sequence
. iewolved in the cisuifide linkages.
Cys is bonded
to.... This Cys
X WS- O P Arg-Sar- G- G
Figure 5-13
- . .
, ¢ Determine which Cys are in
1 vit e NH=CH—C +++
" Disulfide bond
isulfide bonds
s SCH,CH,0H
+  2HSCHLCHLOH —— + +
s SCH,CHLOH
SH
CHy 'l’ 1
1 . ]
ve = NH=CH==C=++* ‘3‘"‘ [
cor e NH—CH—C o +e+
Cystine 2.Mercaptoothanol Cysteine

Recall that to separate peptides for sequence analysis, the disruption of —S-S-
bonds is needed

And, that pr
Cys—CH,—SH + ICH,CO0~ —» Cys—CH,—S—CH,COO~ + HI

ion of their re-oxidation can be done by alkylation or oxidation.

Cysteine TIodoacetate S-Carboxymethylcysteine
(CM-Cys)

ﬁ) Sulfonic
i i acids -
HCOOH  Performic Ac; 0, O3
Oxidize disulfide, which +

breaks -S-S- bond,

Polypeptide fragment

containing dis gond
‘ Reduce disulfide and biock
with iodoacetate
I —CH,C0; + “0,CCHy— I

lSepavale and sequence

Separate and sequence

the polypeptides the polypeptides

How do we use this to find the Disulfides?

9/27/24
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(a)

®) -

(c)

(d)

(e)

protein
94 digest sample streak

N\

We change the protection step for sulfhydryl
. groups.

@7 \ \\\‘Q\ i - » Cleave/Protect (reduction/alkylation or
WA TR [— oxidation) AFTER fragmentation
X7 oreciie ot 8 ; i » Separate fragments as before, but any

Buffer migration linked by —S—S- will not separate and

remain together (e.g., orange peptide).
+ THEN break —S—S- bonds, and re-

Diagonal

" new paper

\ — separate.

N S . W

e ’ Determine the sequence of those peptides that fall off

lectrop! gram and exp the diagonal by either Edman degradation or tandem
- to performic a:_:_ld vapors. MS/MS.
) s \ - % Technique is called "2D-diagonal electrophoresis.”
WA
sewn to

Gly-Cys-Ala-Gly-Azg-Phe-Cys-Tyryys Thr-asp-\e

Fragments of —%
. ~—disulfide-linked ,
= polypeptide A=y ~Cys-Phe-Arglser-Gly-G\

9/27/24
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