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What is the ESRG?

Mission of the Edman Sequencing Research Group:

“... to assist ABRF members in evaluating their capabilities to analyze the N-
terminus of proteins/peptides using Edman Sequencing chemistry in order to
establish realistic expectations for this technology.

ESRG primary responsibility: a multi-lab participation educational study
Sample Conception

Study Design (approval by EB)

Sample Preparation and distribution

Preliminary testing by group

Data collection, analysis and interpretation

L 000000

Data presentation
Poster Presentation at ABRF meeting (Poster # RG8-M)
Oral Presentation at ABRF meeting
Publication in JBT (upcoming)



‘ 20 ESRG Studies: 1988-2008

A summary of past studies

Sample Format  # Studies Study Purpose # Studies
Single Protein 8 PTM identification 6
Single Peptide 6 Sequence Elucidation 6
Complex Mixture 3 Length of Read 2

Summarized from D.C.Brune et al.’ABRF ESRG 2006 Study” Journal of BioMolecular Technologies. 18(5):306-320 (Dec 2007)



ESRG 2008 Study Objective

To determine the effects of a homo poly amino acid
N-terminal fag on Edman degradation.

Are differences observed during Edman degradation

between tagged proteins a consequence of repeating

amino acids in general or 1s there something specific
about Histidines that cause variable data?




Attinity Tags tor Protein Purification

= Polypeptide sequences fused to recombinant proteins
= Allows the researcher to easily purify large amounts of recombinant protein
= Tags widely used in biotech industry

®  Much variability in the type of tag, protein and purification system




Affinity Tags: General Properties

1. One-step absorption purification

2. Minimal effect on III° Structure

3. Easy, specific removal to produce native protein

4. Simple assay of recombinant protein during purification

5. Wide applicability




Small Peptide Affinity Tags
Commonly Used

Tag # Residues Sequence Comments
Poly-Arg 5-6 RRRRR - basic
- C-term tag in bacteria
- CX purification
Poly-His 2-10 HHHHHHHH - electron donor
- IN- or C-term tags
- Ni-IN'TA purification
FLAG 8 DYKDDDDK - hydrophilic
- Ab purification
Strep 11 8 WSHPQFEK - Biotin derivative elution
c-myc 10 EQKLISEEDL - multi-system recognition
- Ab purification

Summarized from Terpe, K. Overview of tag protein fusions. App/ Microbiol Biotechnology (2003) 60:523-533



Affinity Tags and N-terminal Sequence Analysis

Reasons

To ensure tag was added

Proper processing

Ditticult get N-termini from mass
spec

Correct protein, open reading
frame

Challenges

Longer Sequencing Stretches
Repeating Amino acids

Drop in yield of His tags

Other proteins not having His tags

bind Ni** (Albumin, endogenous
proteins, SLYD_ECOLI)



Histidine Tags

Histidines have strong interactions with immobilized metal 10n matrices

e” donor on imidazole ring form coordination bonds with transition metals

(ex. Ni?*, Co?*)

6xHis tags have a high affinity to Ni-NTA and so may be easily purified

Proteins are eluted from matrix by adjusting pH or adding free imidazole
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General Cloning and Expression Protocol:

Adding a His Tag

DNA encoding Protein

"
HIS_TAG

DNA encoding Protein H'*S-T,q
G

Ligation

o
»

1. Insert protein DNA into a vector encoding a His-tag

DNA encoding Protein HIS-TAG

HIS-TAG DNA encoding Protein
N

— p—
Forward Primer Reverse Primer

v

2. Perform PCR with primers that have repeating His codons
next to start/stop

\ /

Modified from Wikipedia




Study Protein:
Human Growth Hormone

- First recombinant pharmaceutical to be
manufactured and marketed by a biotech
company (1985 approval)

>P01241|SOMA_HUMAN Somatotropin - Homo sapiens (Human).

FPTIPLSRLFDNAM L RAHRLHQLAFDTY QEFEEAY IPKEQKY
SFLQNPQTSL CFSESIPTPSNREETQQK SNLELLRISLLLIQSWLEPVQFL
RSVFANSLVYGASDSNVYDLLKDLEEGIQTLMGRLEDGSPRTGQIFKQ
TYSKFDTNSHNDDALLKNYGLLY CFRKDMDKVETFLRIVQCRSVEGS
CGF

- 191 Amino acids

- 2 phosphorylation sites: Ser132, Serl76
- Not an ‘ideal’ protein for Edman

- Used as real life example

Chantalat, L., Jones, N.D., Korber, F., Navaza, J., Pavlovsky, A.G. (1995) THE CRYSTAL-STRUCTURE OF WILD-TYPE
GROWTH-HORMONE AT 2.5 ANGSTROM RESOLUTION.  Protein Pept.Lett.  2: 333-340




Sample Preparation

= Different homo-poly amino acid tags were grown on small scale
(3 plates each)

= Some tags did not express even though constructs were correct!

N-His
Poly-Ala
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Tags tried :

Phe - A bulky AA (like His)
- Good sequencability
Lys - charged AA (like His)
Tyr - A polar AA
Ala - Small, reliable




ESRG samples Cloning, Expression, and Purification

Clal (Ascl

Digest and
PCR Ligate

> —

template

Transfect into
HEK 293 cells

Tagged and purfied HGH ?

protein @ % Ni*2- IMAC
=

Jessica Huard



The samples...

Sample C:

FPTIPLSRLFDNAMLRA...

Sample H:
KHHHHHHHHLE FPTIPLSRLFDNAMLRA ...

Sample A:
KIDAAAAAAAA FPTIPLSRLFDNAMLRA ...




Sample Preparation and Distribution

= Concentrations of His and Ala samples were estimated by control band intensity after
coomassie staining

= ~25 pmol of each sample (Control, His tag and Ala tag) were loaded onto SDS-PAGE
gels and subsequently electroblotted onto PVDF

= Two excised bands from each of 3 the samples were sent to participating labs

Control N-term His tag N-term Ala tag
“Sample C” “Sample H” “Sample A” (top band)

32kD 32kD
21kD 21kD
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The Results




Results: Instrumentation and Methods Survey

ESAG 2008 Study Assulis: S=quence Calls, Dnstrumemation and Hathads Survey
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Information Requested:

-Sequence calls

-Instrument type (cLC or HT?)
-Reagent information
-Standard RT and areas
-Column Information
-Gradient



‘ Results:
Uncorrected Raw Data Returned in Excel Format

Amino acid

N\,

Pmol value

ASP
1 1.21
2 0.63
3 0.66
4 0.69
b 0.91
B 0.59
7 1.13
B 1.18
9 1.43
10 1.24
il 1.37
12 14
13 1.949
14 1.88
15 1.78
16 1.82
17 1.87
18 1.94
19 1.54
20 1.92

ASHN
0.31
0.49
0.43
0.59
0.75
0.73
0.98
1.01
1.1
0.98
1.01
1.19
1.31
1.21
1.22
1.2
1.19
1.46
1.34
1.349

SER
0.9
0.93
1.11
0.96
1.1
1.27
1.53
1.52
1.71
1.67
1.48
1.83
2.03
1.81
1.84
1.87
1.85
2.55
2.65
2.53

Cycle #

GLM
0.55
0.65
1.06
0.93
0.87
1.1
1.57
1.45
1.64
1.64
1.53
1.72
1.77
1.65
1.75
1.8
1.82
1.98
1.96
2.04

THE.
0.35
0.3
0.34
0.5
D.42
0.51
0.64
0.92
0.83
0.77
0.83
0.97

242
1.93
1.46
1.31
1.23
1.19

GLY
1.31
1.35
1.22
1.34
1.44
1.48
1.57
1.54
1.67
1.7
1.65
1.52
1.94
1.8
1.96
1.96
1.9

GLU

HIS

ARG
0.57
0.42
D.48
0.52
0.51
0.56
0.62
0.1
0.78
0.79
0.78
0.83
0.43
0.9
0.9
0.57
1.03
1.09
1.32
1.46

TYE.
0.5
0.53
0.55
0.73
0.68
0.74
0.7
0.78
1.07
0.99
0.93
1.07
1.06
1.09
1.12
1.7
1.33
1.24
1.22
1.24

FRO
0.43
0.64
0.74
0.66
0.r
0.75
0.75
0.73
0.81
0.7
0.79

2.74
213

2.26
1.79
1.45

MET
0.23
0.09
0.07
0.08
0.26
0.22
0.26
0.3
0.28
0.35
0.29
0.34
0.31
0.33
0.32
0.3
0.23
0.36
0.28
0.32

WAL
0.43
0.41
0.56
0.58
0.66

0.r
0.69
0.72
0.85
0.89
0.9
0.85
0.92
0.97
0.96
0.99
1.05

0.92
0.98

o R
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PHE | ILE | LYS | LEU
038 | 043 ?@ 0
056 069 ~TO03 086
045 | 038 031 127
065 063 037 131
124 | 061 034 148
105 061 054 172
108 093 055 22
141 104 059 232
133 1.04 062 8
137 | 106 @ 07 #@

8 108 087 A8

127 | 0.87 | 3.65
350 129 083 319
233 | 124 | 08 | 3.11
1.86 105 335
172 107 342
163 | 245 | 1.01 ?@
158 184 | 093
158 | 152 | 09 | 459
16 134 088 475




‘ Participating Lab Information (n=21)

Manufacturer and Model:

Reagents:

TFA Cleavage:
Chemistry Cycle:
Other Additives:

Bands Loaded:
Columns Used:

Typical Gradients used:

13 ABI 494 HT (1-11 years old: average age 8 years)
6 ABI 492 cLC (5-11 years old: average age 7-8 years)
2 ABI 494 cLC (6-11 years old: average age 7 years)
1 ABI 491

18 used all instrument manufacturer reagents

3 used some mfg. R1, R2c, R4, R5, & Premix

1 said almost mfg. reagents

19 used pulsed liquid, 3 gas phase

16 PVDF, 3 GFF, 1 PVDF & Prosorb, 1 pulsed Liq cLC
1TCEPto R4 & R5, 1 DTTin R4 & 1 DTT in S2.

1 n-acetylcysteine in R5, 1 34% Me-Pip, 52%IPA in R2
9x1;12x 2

11 ABI Spherisorb 5 micron PTH column (2.1 x 220 mm)

1 Higgins column 3 micron (2.1 x 100)

1 Higgins column 5 micron (2.1 x 220)

8 ABI Prosice cLC PTH column 5 micron (0.8 x 250)

HPLC Gradient cLC
Time % B
0 8
0.3 8
0.4 23
18 44
22 95
T 225 95
26 50

HPLC Gradient HT
Flow Rate (ul/min) Time % B Flow Rate (ul/min)
40 0 8 325
40 0.3 8 325
40 0.4 23 325
40 18 44 325
40 22 95 325
40 22.5 95 325 T
10 26 50 10




Sequence calls and average lag (in red)

SampleH  [TKITHITHITHITHHTHHTH L E T
SampleA  [KITITDTTATTATATATATATATATECPOT P
SampleC  [REIRPITITRLIS TR UTLTE D N




‘ Initial Yields

Average Initial yield/Bands Loaded (pmol)

14.00 +

12.00 +

10.00 -

8.00 ~

6.00 -

4.00 +

2.00 -

0.00

Sample C

Sample H

Sample A




‘ Repetitive Yields

RY =, (meI AA) N+ x
(pmol AA) n

100.00 - }

90.00 +

Average repetitive yield (%)
—
-

80.00

Sample C Sample H Sample A




Average Recoveries for

His and Ala Tagged Samples

Normalized Mean Yields (picomoles)

=
N
|

1.2 4

0.8 -

0.6 -

0.4 1

0.2 1

Mean Values for His and Ala for All L.aboratories

—_0— Mean His-Tag
—B—Mean Ala-Tag

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Cycle Number




‘ Lag at Phe

120 -
100 +
80
S
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-
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0 _
Sample C Sample H Sample A
Sample H: K-H-H-H-H-H-H-H-H-L-E-F-P-T-I-P-L
Sample A: K-I-D-A-A-A-A-A-A-A-A-F-P-T-I-P-L
Sample C: F-P-T-I-P-L-S-R-L-F-D-N-A-M-L-R-A




Lag overtaking yield

Average Cycle where Lag Overtakes Yield

19 -
18 1
17 1 _

16 -

15 |
14 1

13
12

11
10 -

Cycle Number

o B N W A~ OO N ©
I I I I I I I I I

Sample H Sample A
Tagged Protein




Phenylalanine Yields Throughout Run

Normalized Mean Yields (picomoles)

1.20

1.00 +

0.80 +

0.60 +

0.40 +

0.20 ~

0.00

Yield of Phe in All Cycles

——

—=— Sample A

=+=Sample C

4 5 6 7 8 9 10 11 12 13 14 15 16 17

Cycle Number




Decrease 1n pmol recovery after first cycle

Ratio of Cycle One to first Cycle of Tag

1.4

Sample H — Cycle 1
Sample H — Cycle 2
121 Sample A — Cycle 1
Sample A — Cycle 4

0.8
0.6

0.4 -

Normalized Mean Yields (picomoles)

0.2 1




Conclusions

Creation of a poly-amino acid is not easy to do. Other than the traditional
His-tag, the only other successfully prepared poly amino acid tag for this
study was an Ala tag

There was a noticeable decrease in initial yields of the His samples versus
controls

Labs in general found it harder to call the sequence after the poly-His tag than
the other two samples

Lag was observed earlier and more consistently on the His tagged sample
than the Ala tag

High variability is due to lab to lab variability

The majority of labs successtully sequenced seventeen cycles for all three test
proteins
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