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Protease Inhibition
Analysis of Peptides as Surrogates for Protease Activity 
to Monitor Protease Inhibition in-vivo



Peptides are Products of Protease Activity

Expert Rev Mol Diagn. 2007 Sep;7(5):605-13

Peptidomics is defined as the systematic, comprehensive, qualitative and 
quantitative multiplex analysis of endogenous peptides in a biological 
sample at a defined time point and location. In contrast to Proteomics 
peptides possess a lower molecular weight and a higher degree of 
proteolytic processing.



Peptidomics - Process

Characteristics [Plasma]

• Sensitivity : 50 pM

• Recovery: 40-110%

• CV : 30-35 %

• Throughput: 32 samples/week

• Volume: 500 -1000 µl

• ~ 10,000 signals/display

• ~ 1500 signals identified

• Quality controlled process

 

Comb Chem High Throughput Screen. 2005 Dec;8(8):725-33

Samples are prepared, separated by 
chromatography and measured by mass 
spectrometry. Mass spectra are visualized and 
analyzed. Peptides of interest are identified by 
MS/MS. 



Protease Inhibition
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Alternative product
Protease 3

The figure demonstrates principle effects of protease inhibition. 
Since peptides are generated by proteases they are excellent 
surrogate markers for protease activity.
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COAGULATION FIBRINOLYSIS

Example: Peptides Mirror Protease Activity 

Peptides are suitable to encode conditions diametrically opposed to 
each other (Coagulation versus Fibrinolysis), which are not accessible 
by classical Proteomics methods (e.g. after Tryptic Digestion)
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In Vivo FXa Inhibition

Peptides. 2008 Dec;29(12):2188-95.

Thromborel S	
<0.01- 0.02 U/ml
Fondaparinux	
 >1.10 U/ml

Anti-Factor Xa-Activity

Proof-of-concept study to demonstrate the usefulness of 
Peptidomics for analysis of proteases and inhibitors in vivo        



In Vivo FXa Inhibition - Results

Peptides were identified, which derived from proteins related 
to coagulation or fibrinolysis and it could be shown how 
Fondaparinux (FXa inhibitor) influences these physiological 
processes.

Abbreviation Precursor 
Protein

SwissProt. 
Acc.No.

Sequence Comment

1

2

3

4

5

6

7

8

9

10

FIBA_227-239 Fibrinogen alpha P06399 AIK..MSPVPDLVPGSFK..SQL

FIBA_520-538 Fibrinogen alpha P06399 SYK..MADEAASEAHQEGDTRTTK..RGR

PROC_199-212 Protein C P31394 KRD..IDPEDEELELGPR..IVN Activation Peptide

FIBA_20-36 Fibrinogen alpha P06399 VWT..ADTGTTSEFIEAGGDIR..GPR Fibrinopeptide A

FIBA_24-36 Fibrinogen alpha P06399 TAD..TGTTSEFIEAGGDIR..GPR

FIBA_26-36 Fibrinogen alpha P06399 DTG..TTSEFIEAGGDIR..GPR

FIBB_19-32 Fibrinogen beta P14480 TQA..ATTDSDKVDLSIAR..GHR Fibrinopeptide B

FIBG_89-110 Fibrinogen gamma P02680 LIK..AIQVYYNPDQPPKPGMIEGATQ..KSK

THRB_25-41 Prothrombin P18292 VHS..QHVFLAPQQALSLLQRVR..RAN c-terminal truncated propeptide

THRB_25-42 Prothrombin P18292 VHS..QHVFLAPQQALSLLQRVRR..ANS c-terminal truncated propeptide



DPPIV Inhibition
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Experimental Setup : In-Vivo Inhibition DPPIV

time [h]

0 1

DPPIV activity DPPIV activity

Peptide Displays Peptide Displays

DPPIV - Inhibitors 
(Vildagliptin/Ab192: 0-3 mg/kg)

Biochem Pharmacol. 2009 Jan 15;77(2):228-37

8 week old Wistar-Rats  (315-320g)
Vehicle vs. DPP-IV inhibitors

Author's personal copy

3. Results

3.1. DPP4 inhibition in vivo

One hour after the administration of DPP4 inhibitors (AB192
and vildagliptin), Wistar rats showed a dose-dependent
decrease in blood plasma DPP4 activity reaching a maximal
inhibition of approximately 80% at 3 mg kg!1 body weight as
displayed in Fig. 1. The data reveal that vildagliptin inhibits
DPP4 activity already by "50% at a dosage of 0.3 mg kg!1 body
weight, whereas AB192 sufficiently inhibits DPP4 only in the
higher dosage range (>1 mg kg!1 body weight). Similar results
for vildagliptinwere shown in studies using obese Zucker fa/fa
rats [2,4].

3.2. Differential peptide display

To profile peptides in each individual sample by generating
peptide displays, platelet free EDTA plasma was used. Using
plasma insuchastudy isan importantprerequisite since serum
or residual platelets exhibit enzymatic activities, which are
leading toanexvivogenerationofpeptides,whichhampers the
sensitive detection of endogenously generated peptides [23].
From the 124 generated peptide displays, 7 samples were
identified as technical outliers on the basis of visual inspection
of the peptide displays andprincipal component analysis of the
datamatrix. Theywere excluded from further analysis. Amean

peptide display (average of all mass spectra of each individual
sample) contains a total of"10,000mass spectrometric signals,
which correspond to approximately 3500 individual peptides.
This reflects redundancy by peptides that elute in more than
one fraction, multiple-charge states, peptide species with and
without oxidative states, and a small number of mass spectro-
metric derivatives, such as fragment ions.

3.3. Influence of DPP4 inhibition on peptide signals

Under the given thresholds (as described in Section 2), 9% of
the detected signals were significantly regulated by the
applied DPP4 inhibitors AB192 and/or vildagliptin. After
AB192 and vildagliptin treatment, 5.4 and 3.5% of the signals
increased, while 0.1 and 2.1% decreased, respectively. The
contour plot in Fig. 2 gives an impression of how the two
inhibitors affect the peptide signals: The correlation of any
peptide signal to the inhibitor dosage is represented towards
the inhibitors AB192 (x-axis) and vildagliptin (y-axis). There is
a clear diagonal trend from the lower left to the upper right of
the contour plot, so that in general signals which are
influenced by one inhibitor are more or less influenced by
the other inhibitor, too.

3.4. Identification of regulated peptides

To reveal the nature of inhibitor induced changes, 19 signal
coordinatesofregulatedpeptidesweresequencedandidentified

Fig. 1 – DPP4 activity of rat plasma samples. Following
injection of the two inhibitors, a dose-dependent decrease
in DPP4 activity was measured as described in Section 2.
All of the tested doses led to a significant decrease in
activity – with vildagliptin more potent already in the
lower range. Significance was tested using the Man–
Whitney U-test (p < 0.05). Hollow: vehicle; Diagonal:
vildagliptin; Vertical: AB192; y-axis: DPP4 activity (U lS1); x-
axis: inhibitor dose (mg kgS1).

Fig. 2 – Contour plot representing the influence of the
inhibitors AB192 and vildagliptin. The distribution of
signals is plotted in dependence of their correlation values
to the corresponding inhibitor (legend on the right). There
is a clear diagonal trend from the lower left to the upper
right of the contour plot, so that in general signals which
are influenced by one inhibitor are more or less influenced
by the other inhibitor, too. The majority of signals is not
affected at all by the inhibitors (dark oval) corresponding
to high density of signals around r (signal intensity and
AB192 dosage) = 0 and r (signal intensity and vildagliptin
dosage) = 0.

b i o c h em i c a l p h a rma c o l o g y 7 7 ( 2 0 0 9 ) 2 2 8 – 2 3 7 231



Differential Peptide Display

The figure shows the differences before and after treatment with DPPIV 
inhibitors. The treatment leads to an accumulation (     ) or depletion (     ) 
of substrates,  which could be correlated to clinical data (e.g. side effects)
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Product and Substrate 

PxBVN Controls

Group I
(Saline)

Group B
(Vehicle)

Group C
(Protease inhibitor)

Δ m/z = 200

Each lane represents the same region from 27 peptide displays. The blue square 
indicates a peptide (and a PTM) which is decreased in samples derived from animals 
treated with a DPPIV inhibitor. With a mass difference of 200 Da a second signal 
(red square) shows the opposite regulation. The identification revealed that both 
peptides are products and substrates of DPPIV.  The delta of 200 Da corresponds 
to a truncation of two amino acids 



Sequencing Results

Table 1 – Identified DPP4 substrates and products in rat plasma.

Index m/z Correlation coeffi-
cient

p-value Protein precursor, amino acid range Sequence, SwissProt. accession number (www.expasy.com)

AB 192 vildagliptin AB 192 vildagliptin

1 2234 !0.303 !0.609 0.209 0.002 Collagen alpha 1 (I) chain (216–238) GPP_GKNGDDGEAGKPGRPGERGPPGP_QGA (P02454)

2 2814 !0.233 !0.494 0.259 0.021 Collagen alpha 1 (I) chain (295–325) PRG_LPGERGRPGPPGSAGARGNDGAVGAAGPPGP_TGP (P02454)

3 2805 0.554 0.598 0.003 0.000 Collagen alpha 1 (I) chain (802–832) PAG_FAGPPGADGQPGAKGEPGDTGVKGDAGPPGP_AGP (P02454)

4 3493 !0.251 !0.672 0.026 0.000 Collagen alpha 1 (I) chain (804–843) GFA_GPPGADGQPGAKGEPGDTGVKGDAGPPGPAGPAGPPGPIG_NVG (P02454)

5 2192 !0.328 !0.516 0.097 0.006 Collagen alpha 1 (I) chain (809–832) PGA_DGQPGAKGEPGDTGVKGDAGPPGP_AGP (P02454)

6 3267 !0.305 !0.703 0.259 0.004 Collagen alpha 1 (I) chain (996–1030) GLA_GPPGESGREGSPGAEGSPGRDGAPGAKGDRGETGP_AGP (P02454)

7 3210 !0.150 !0.603 0.383 0.009 Collagen alpha 1 (I) chain (997–1030) LAG_PPGESGREGSPGAEGSPGRDGAPGAKGDRGETGP_AGP (P02454)

8 3333 0.582 0.621 0.002 0.001 Collagen alpha 1 (III) chain (519–554) PRG_VAGEPGRDGTPGGPGIRGMPGSPGGPGNDGKPGPPG_SQG (P13941)

9 3132 !0.468 !0.629 0.026 0.000 Collagen alpha 1 (III) chain (521–554) GVA_GEPGRDGTPGGPGIRGMPGSPGGPGNDGKPGPPG_SQG (P13941)

10 1938 !0.182 !0.409 0.209 0.009 Collagen alpha 1 (III) chain (665–686) GEA_GAPGVPGGKGDSGAPGERGPPG_TAG (P13941)

11 2579 !0.371 !0.685 0.073 0.001 Collagen alpha 1 (III) chain (812–839) GFP_GAPGQNGEPGAKGERGAPGEKGEGGPPG_AAG (P13941)

12 4922 !0.216 !0.585 0.620 0.001 Collagen alpha 1 (III) chain (1001–1053) GLP_GQPGTAGEPGRDGNPGSDGQPGRDGSPGGKGDRGENGSP-

GAPGAPGHPGPPGP_VGP (P13941)

13 4228 !0.375 !0.692 0.017 0.001 Collagen alpha 2 (I) chain (194–238) LDG_LKGQPGAQGVKGEPGAPGENGTPGQAGARGLPGERGRVGAPGPAG_ARG (P02466)

14 2638 !0.284 !0.538 0.259 0.008 Collagen alpha 2 (I) chain (460–488) GLP_GSPGNVGPAGKEGPVGLPGIDGRPGPIGP_AGP (P02466)

15 4086 !0.078 !0.598 0.383 0.004 Collagen alpha 2 (I) chain (649–692) GLP_GERGAAGIPGGKGEKGETGLRGEIGNPGRDGARGAPGAIGAPGP_AGA (P02466)

16 2855 !0.335 !0.432 0.017 0.002 Collagen alpha 2 (I) chain (931–958) GEA_GRDGNPGSDGPPGRDGQPGHKGERGYPG_NIG (P02466)

17 5490 0.734 0.062 0.002 0.612 Vitronectin (Somatomedin B) (20–67) ALA_DQESCKGRCTEGFNVDKKCQCDELCSYYQSCCTDYTAECKPQVTRGDV_FTM

(P04004.1)

18 2675 0.665 0.573 0.001 0.000 Integral membrane protein 2B (244–266) QKR_EASNCFTIRHFENKFAVETLICS (Q5XIE8)

19 2475 !0.421 !0.575 0.029 0.014 Integral membrane protein 2B (246–266) REA_SNCFTIRHFENKFAVETLICS (Q5XIE8)

The table shows the mass-to-charge ratios (m/z), the experimental group (AB192 or vildagliptin) with the corresponding correlation coefficient (signal intensity and inhibitor dosage) and p-value

obtained by the Mann–Whitney U-test comparing groups of control and highest applied inhibitor dosage for each differentially regulated peptide. This is followed by the precursor name and sequence

range, the amino acid sequence and the SwissProt accession number in parenthesis. The sequenced peptide is depicted in bold. Preceding and succeeding amino acids are depicted before and after the

horizontal lines.

Biochem Pharmacol. 2009 Jan 15;77(2):228-37

All identified peptides represent novel entities, which were not described before: 



Substrate Accumulation in Various Species
molecular mass
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The peptide (red square) possesses the same amino acid sequence in various organisms (highly 
conserved). It can be regarded as a pan-marker for DPPIV inhibition.  It is detectable at the same 
position in a peptide display in all samples. 
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Outcome

• DPP4 inhibition influenced massively collagen metabolism

• Somatomedin B shows solely an accumulation under AB192  

• ITM2B peptide was detected in plasma following in vivo DPP4 inhibition

• DPP4 catalyzed cleavage kinetics of the ITM2B peptide were 
   determined in vitro: 

k(cat) and K(m) 5.2s-¹ and 14µM
specificity constant k(cat)/K(m) of 0.36 x 106 s-1M-1

ITM2B = Integral membrane protein 2B (Accession number: Q5XIE82) 



Conclusion

• Peptidomics is capable to monitor protease action in vivo

• ITM2B peptide was identified as a novel DPP4 substrate.

• Somatomedin B was differentially regulated between both inhibitors 
and may indicating a potential side effect

• Collagen accumulation may cause long-term problems



Frequently Asked Questions
What is the extent of a project ?
A discovery project approx. includes the analysis of up to 100 samples, the identification (sequence) of up to 
40 peptides, the biological interpretation of peptides in the project context and compiling of interim reports 
and a final project summary report within a time frame of 3-5 months.

What are the costs of sample analysis (per sample) ?
The costs are calculated individually for each project and depend on the number of analyzed samples. The 
cost are approx. 650-1500 Euro per sample.

What is the required number of samples per project ?
This number is determined by the quality of differences. To achieve relevant results we recommend a 
minimum of 20 samples per arm.

What are the costs for sequencing ?
This depends on the candidates and their abundance and can be between 500 - 4000 Euro/candidate, since 
low abundant candidates require an extra preparation of up to 20 mL plasma.
What ways of candidate validation are possible ? 
An analytical as well as a biological validation is possible. The exact approach is highly dependent on the 
project background.

What is the amount/volume of a sample necessary for analysis ?
The amount/volume depends on the biological matrix and the desired analytical sensitivity. 
The necessary volumes vary between 400 µl (e.g. CSF) - 4 ml (e.g. FCS free cell culture supernatant). For the 
analysis of human blood plasma we recommend a volume of 0.5 - 1 ml.  The amounts of tissues can vary 
between 1 mg (e.g. tumor tissue) - 100 mg (muscle tissue)
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