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n
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P
u
rp

o
se: D

em
onstrate reproducibility of tryptic digestion of com

plex protein 
m

ixtures for the purpose of quantitative and qualitative proteom
ics. 

 M
eth

o
d
s: Replicate digestions of rat serum

 w
ere carried out using a recom

-
m

ended practice. LC
/M

S analysis w
as perform

ed, again follow
ing a recom

-
m

ended practice in a novel alternating low
 and elevated collision energy exact 

m
ass M

S m
ode of acquisition. 

 R
esu

lts: A
 high degree of precision of signal intensity, m

ass m
easurem

ent, 
and chrom

atography w
as obtained, dem

onstrating the reproducibility of the 
digestion. 

To obtain m
eaningful results in qualitative and quantitative proteom

ics, such as observation of differ-
ent levels of expression of one or m

ore proteins in a set of sam
ples and identification of the proteins, 

it is necessary that great care be taken in preparation of sam
ples and in obtaining exact m

ass LC
/

M
S data. D

igestions w
ith proteases such as trypsin should be carried to com

pletion, so that the ratio 
of concentrations of fragm

ent peptides w
ill accurately reflect the ratio of concentration of the original 

protein in tw
o sam

ples. A
ccurate m

easurem
ent of peptide m

asses allow
s m

ore stringent searching of 
protein databases resulting in faster and m

ore accurate qualitative identification of proteins. Ioniza-
tion of peptides should be consistent from

 run to run for valid quantitative com
parisons. M

axim
izing 

the reproducibility of chrom
atographic retention tim

es sim
plifies the overall task of correlating the 

m
assive data sets obtained in global proteom

ic experim
ents.  

 W
e have developed protocols and softw

are tools to enable us to reproducibly digest com
plex pro-

tein m
ixtures, routinely obtain precise m

ass m
easurem

ents on peptides (typically ≤ 5 ppm
 error), 

m
inim

ize run-to-run retention tim
e drift at the capillary separation scale, and dem

onstrate the quality 
and reproducibility of our results. W

e illustrate this w
ith digestion and analysis of replicate sam

ples 
of rat serum

 using the W
aters

® Protein Expression System
. 

D
ig

ests 
Replicate digests of 5 µL (250 – 300 µg protein) aliquots of rat serum

 (Sigm
a, catalog num

-
ber R 9759) w

ere prepared according to a recom
m

ended procedure em
ploying a proprie-

tary detergent and in w
hich cystines are reduced and alkylated w

ith iodoacetam
ide prior to 

digestion. 
 Sa

m
p
les 

Seven sam
ples w

ere prepared by com
bining 75 µL of each of seven replicate rat serum

 di-
gests and 25 µL of a standard m

ixture of purified tryptic digests of five proteins. . 
 D

a
ta

 C
o
llectio

n
 

•LC
/M

S System
: W

aters Protein Expression System
 com

prised of the W
aters C

apLC
® Sys-

tem
 w

ith the W
aters M

icrom
ass

® Q
-Tof U

ltim
a A

PI M
ass Spectrom

eter equipped w
ith a 

N
anoLockSpray™

Source operated at 12,000 m
ass resolving pow

er  
•C

olum
n: W

aters N
anoEase™

 A
tlantis™

dC
18 C

olum
n, 300 µm

 x 15 cm
 

•M
obile Phase: A

 = 1%
 A

cetonitrile in W
ater, 0.1%

 Form
ic A

cid, B = 80%
 A

cetonitrile in 
W

ater, 0.1%
 Form

ic A
cid 

•G
radient: 6%

 to 40%
 B over 100 m

in. at 4.4 µL/m
in, follow

ed by 10 m
in. rinse (99%

 B) 
and 20 m

in. re-equilibration at initial conditions 
 Three replicate injections of 2.5 µL of each digestion sam

ple solution w
ere m

ade, directly 
onto the colum

n (no desalting trap w
as used). M

ass spectral data w
ere collected in alternat-

ing low
 and elevated collision energy using a1.8 second acquisition at each energy. The 

N
anoLockSpray source w

as sw
itched every 10 seconds to obtain a scan of the accurate 

m
ass standard ([G

lu
1]-Fibrinopeptide B).  

The raw
 data w

ere processed using functions in ProteinLynx™
 G

lobal SERVER and Protein 
Expression System

 Inform
atics softw

are tools developed in-house (P
o
ster TP

R
 3

5
4

, Li et 
al., “A

 N
ovel A

lgorithm
 to Track Ions or Peptides Found by LC

/M
S in M

ultiple Injections of 
M

ultiple C
om

plex Biological Sam
ples”).  A

dditional data analysis w
as perform

ed using M
i-

crosoft ® Excel and Spotfire
® D

ecisionSite™
. 

Tryptic digest of a serum
 sam

ple can be expected to produce a highly com
plex m

ixture of peptides.  
W

aters Protein Expression System
 Inform

atics tools have been developed to extract the exact m
ass, reten-

tion tim
e and intensity of each detected peptide or chem

ical entity in each data set. This exact m
ass and 

retention tim
e inform

ation serves as a unique signature for each peptide. A
dditional softw

are m
atches 

like peptides from
 m

ultiple sam
ple injections based on their unique exact m

ass retention tim
e signature 

and com
pares their relative intensity. Peptides m

atched in this m
anner are referred to as an exact m

ass 
retention tim

e pair or EM
RT. 

Representative base peak intensity chrom
atogram

s from
 3 of the 7 sam

ples (Fig
u
re 1

) give a rough indi-
cation of the com

plexity of the sam
ples and the reproducibility of the chrom

atography.  
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hrom
atogram

s (6 ions) for 1 
Injection of Each Sam

ple 

The true com
plexity of the sam

ple can be appreciated by observing the m
ap of all EM

RTs detected in 21 
injections (Fig

u
re 4

). The insert is an enlargem
ent of the indicated region. 

EM
RTs detected in 16 to 21 of the 21 injections account for 90%

 of the sum
m

ed M
S signal intensity for 

all the EM
RTs. The low

 intensity of the less frequently detected EM
RTs suggests these are near the lim

it of 
detection or are random

 events of chem
ical noise. 

U
se of the inform

atics tools allow
s a m

ore detailed exam
ination of the data. In 21 injections, a total of 

136,117 EM
RT com

ponents w
ere detected of w

hich 12491 unique EM
RTs w

ere found to replicate in at 
least tw

o or m
ore injections. Fig

u
re 5

 illustrates the replication rate of these EM
RTs across the 21 sam

-
ple injections. Fig

u
re 6

 illustrates the intensity represented by these replicating EM
RTs across the 21 

sam
ple injections. 

O
ff-diagonal plots correlating intensities of individual EM

RTs in pairs of sam
ples show

 a strong correla-
tion in each instance. Fig

u
re 7

 is a representative exam
ple for sam

ple 1 and sam
ple 3. 

The coefficients of variation for the intensities of each replicating EM
RT w

ere calculated, first for each 
sam

ple (3 injections) and then for the entire experim
ent (21 injections). W

ithin a sam
ple (Fig

u
re 8

), C
V 

values are low
, and reflect the fact that injection volum

e and ionization efficiency are very reproducible. 
C

V values for the entire experim
ent (Fig

u
re 9

) include such factors as sam
pling of the serum

 and diges-
tion efficiency. These C

V values also indicate excellent reproducibility. (N
ote that, for exam

ple, an EM
RT 

found in all 21 injections w
ill contribute 7 values to Fig

u
re 8

 but only one value to Fig
u
re 9

.)  

The highest EM
RT intensity C

V values are associated w
ith EM

RTs of low
 intensity (Fig

u
re 1

0
). 

M
ass m

easurem
ent precision of replicating EM

RTs is excellent. A
 great m

ajority of such m
easurem

ents 
have a precision w

ithin ± 5 ppm
 (Fig

u
re 1

1
). The histogram

 of sum
m

ed EM
RT intensity for each m

ass 
precision bin (Fig

u
re 1

2
) show

s that the least precise m
ass m

easurem
ent is associated w

ith trace com
po-

nents. 

M
ass Precision (ppm

)

Number of Occurrences

M
ass Precision (ppm

)

Number of Occurrences

W
hile great care w

as taken to assure that the gradient com
position w

as consistent from
 injection to injec-

tion, som
e run-to-run variability in retention tim

e w
as observed. The effect of even sm

all com
positional 

“ripples” in the gradient profile is a shift in retention tim
e of all peptides eluting at that com

position. The 
inform

atics tools used to correlate EM
RTs from

 injection to injection are able to accurately account for this 
retention tim

e shift, in effect greatly reducing the retention tim
e variability in the data set and increasing the 

confidence in the correlated data. This is explored in m
uch greater depth in P

o
ster TP

R
 3

5
4

. 

Through the use of the W
aters Protein Expression System

 and Inform
atics tools, 

w
e have dem

onstrated that: 
 • Tryptic digestion of com

plex protein m
ixtures (sera) can be reproducibly 

perform
ed such that peptides produced vary in intensity w

ith coefficients of 
variation typically w

ell below
 30%

. 
 • Electrospray ionization efficiency of peptides is reproducible from

 run to run 
and sam

ple to sam
ple. 

 • Exact m
asses of peptides can be determ

ined w
ith precision typically less 

than 5 ppm
 throughout a series of sam

ples. 
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1. D
ispense 5 µL of serum

 (250 – 300 ug protein) in a capped m
icrocentrifuge tube, volum

e greater than 200 
µL. 
2. A

dd 20 µL of 100 m
M

 aqueous[1] am
m

onium
 bicarbonate. 

3. A
dd 25 µL of 0.2%

 solution of RapiG
est™

 SF in w
ater (add 500 µL of w

ater to a 1m
g vial of RapiG

est™
 

SF) and vortex. 
4. Place tube in a block heater set at 80° C

. H
eat for 15 m

inutes, vortexing periodically. 
5. Rem

ove from
 block and centrifuge to return condensate to bottom

 of tube. 
6. A

dd 2.5 µL of 100 m
M

 dithiothreitol (15.4 m
g/m

L in w
ater), vortex. 

7. Place tube in a block heater set at 60° C
. H

eat for 30 m
inutes. 

8. Rem
ove tube from

 block, allow
 to cool to room

 tem
perature, and centrifuge to return condensate to bottom

 
of tube. 
9. A

dd 2.5 µL of 200 m
M

 iodoacetam
ide (55.5 m

g/m
L in w

ater), vortex. 
10. Place sam

ple in dark at room
 tem

perature and allow
 30 m

inutes reaction tim
e. 

11. A
dd 50 µL of a solution of Prom

ega trypsin in 50 m
M

 am
m

onium
 bicarbonate, vortex. (A

dd 400 µL of 50 
m

M
 am

m
onium

 bicarbonate to one 20 µg vial of trypsin. Trypsin:protein ratio w
ill be approxim

ately 1:100.) 
12.Place tube in a block heater set at 37° C

. Incubate overnight. 
13. C

entrifuge to return condensate to bottom
 of tube. 

14. A
dd 100 µL of w

ater to the sam
ple, vortex. Final sam

ple concentration is equivalent to 1.25– 1.5 µg pro-
tein/µL . Final RapiG

est SF concentration w
ill be 0.025%

, and the RapiG
est is not hydrolyzed. Sam

ple should 
be refrigerated for short term

 storage, frozen for long term
 storage. 

[1] W
ater used in this procedure w

as purified by a M
illi-Q

 A
10 system

 (M
illipore C

orporation). 

Fig
u
re 1

.  BPI for 3 Sam
ples 

Fig
u
re 2

.  Rat A
lbum

in T73 in 3 Sam
ples 

The highlighted peak in the chrom
atogram

s 
represents peptide T73 of rat album

in, having 
sequence TVM

G
D

FA
Q

FVD
K. The spectra in 

Fig
u
re 2

 represent the m
ass and intensity of 

the doubly charged precursor in each sam
ple. 

The insert spectrum
 is the corresponding ele-

vated energy spectrum
 in each case. N

ote that 
the precursor intensity and fragm

entation pat-
tern, show

ing nearly the entire y’’ series, are 
virtually identical. The experim

ental exact m
ass 

of the doubly charged precursor is w
ithin 10 

ppm
 of the accurate m

ass (679.3265). 
 Selected ion chrom

atogram
s for 6 m

asses in 
one injection of each sam

ple gives another 
overview

 of sam
ple sim

ilarity (Fig
u
re 3

). 
   

Fig
u
re 4

.  M
ap of D

etected EM
RTs 

Fig
u
re 5

.  EM
RT Replication  

Fig
u
re 6

.  EM
RT Intensity Fraction 

Fig
u
re 7

.  C
orrelation of EM

RT Intensity in 
Tw

o Sam
ples 
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Fig
u
re 1

0
.  C

V vs. Intensity (A
rea) 

(M+H)+ Monoisotopic Mass 

Retention Tim
e (M

inutes) 

Fig
u
re 8

.  Intensity C
V Frequency 

for EM
RTs in Sam

ples 
Fig

u
re 9

.  Intensity C
V Frequency 

for EM
RTs in Experim

ent 
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Fig
u
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1
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u
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2
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