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Abstract

Matrix metalloproteinases form a proteinase family with at least 20 members, which are involved in several pathological conditions and

which fulfill a large number of physiological functions. Gelatinase A/MMP-2 is a constitutively produced homeostatic enzyme, whereas

gelatinase B/MMP-9 is upregulated in acute and chronic inflammations and forms a target for the development of therapeutic inhibitors.

We have used a recently developed assay with fluorescent gelatin to analyze gelatinase inhibitors. A peptidomimetic, based on the

consensus sequence of the cleavage sites in type II collagen, and various derivatives of a neutralizing antibody were compared as

gelatinase inhibitors. A single-chain variable fragment (scFv) derived from the gelatinase B-selective monoclonal antibody REGA-3G12

was tagged with oligohistidine and was also compared with the untagged scFv. Both scFv derivatives inhibited gelatinase B but the

peptidomimetic was inefficient. As an extra control and serendipitously it was found that polyhistidine is an inhibitor of gelatinases,

presumably by altering the active site by chelation of the catalytic Zn2þ.
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1. Introduction

Gelatinase B/MMP-9 is a prototypic member of the

MMPs. It is upregulated in many inflammatory conditions,

including infections and autoimmune diseases [1]. The

regulation of gelatinase B contrasts with that of gelatinase

A, the latter of which is constitutively produced by many

cell types and functions rather as a homeostatic enzyme.

On the basis of biological, biochemical and in vivo experi-

ments, gelatinase B has been suggested to be a possible

target enzyme in autoimmune diseases such as rheumatoid

arthritis [2], diabetes [3] and multiple sclerosis [4] and in

acute inflammatory diseases such as bacteremia and endo-

toxemia [5]. Therefore, the development of specific inhi-

bitors of gelatinase B is in demand for the treatment of a

vast array of medical conditions. One approach for the

discovery of gelatinase B inhibitors is by generating

peptidomimetics. These can be based on the identification

of substrate cleavage sites [6–10]. Recently, we described

all the cleavages by gelatinase B in collagen type II [2].

The structural requirements for cleavage were deduced

from data of substrate proteolysis. This enabled us to define

a consensus sequence for the synthesis of analogs, which

were used in this study to generate an uncleavable pepti-

domimetic and to study its properties as an inhibitor.

Other small molecular weight inhibitors of gelatinase B

have already been discovered and evaluated for clinical

utility, but in general these seem to be rather unselective

and to cause side-effects [11]. For instance, hydroxamate
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containing inhibitors [12], tetracyclines [13] and D-peni-

cillamine [14] inhibit several MMPs and have been sug-

gested as potential therapeutics for cancer, autoimmune

and other inflammatory diseases. Because the lack of

selectivity of these drug candidates is likely due to their

small molecular size, we have addressed the issue through

the development of antibody inhibitors. One of these,

REGA-3G12 [15], possesses a high selectivity, because

it does not inhibit the activity of the most closely related

MMP, gelatinase A/MMP-2. Furthermore, a scFv was

derived by genetic engineering and expressed in Escher-

ichia coli [16]. Here, recombinant variants of this reagent,

expressed in the yeast Pichia pastoris, were compared. By

serendipity, we found that poly-histidine is also a potent,

albeit nonselective, MMP-inhibitor. This finding has con-

sequences not only for further development of MMP

inhibitors, but maybe also for the use of polyhistidine-

tagged recombinant proteins.

2. Materials and methods

2.1. Reagents

Polyhistidine (polymer of about one hundred residues),

DMSO, FITC, gelatin and bovine serum albumin were

purchased from Sigma. Polystyrene microbeads were from

Polysciences. The single-chain variable fragment DNA

construct of the monoclonal antibody REGA-3G12 against

human neutrophil gelatinase B [15] was developed by

Zhou et al. [16]. Natural gelatinase B was purified and

activated as described previously [17,18].

2.2. Standardization of the gelatinase activity assay

Labeling of gelatin with FITC was as described by St-

Pierre et al. [19]. Subsequently, the fluorescent gelatin was

separated from DMSO and free FITC by gel filtration

chromatography on a PD-10 column (Pharmacia). The

labeled gelatin was coupled to polystyrene microspheres

as described [19]. Flow cytometry analysis of the coated

beads was performed on a FACS SCAN Plus (Beckton

Dickinson). In order to use this as a routine method to test

enzyme activity or enzyme inhibition, different factors that

influence enzyme activity were investigated.

2.3. Peptide synthesis

Peptides were synthesized by Fmoc chemistry on a

peptide synthesizer (Applied Biosystems Inc.), one with

amino-acetylation (MIM-3) and the other with free amino-

terminus (MIM-3b). Both were carboxy-amidated

(Table 1). A peptidomimetic, in which the P0
1 alanine in

MIM-3b was replaced by a N-methylalanine [Ala(CH3)],

was synthesized (MIM-1) in an analogous way. MIM-3,

MIM-3b and MIM-1 were tested as gelatinase B substrates

by analysis of the cleavage products with the use of mass

spectrometry.

2.4. Digestion of peptides with gelatinase B and

mass spectrometry analysis

Amounts of 2500 ng MIM-3 and 2500 ng MIM-3b were

incubated together with 460 ng activated gelatinase B in

25 mL assay buffer (100 mM Tris–HCl pH 7.4, 100 mM

NaCl, 10 mM CaCl2, 0.01% Tween-20) at 378. Consecu-

tive aliquots of 5 mL reaction mixture were taken in which

the reaction was stopped by the addition of 5 mL 1% TFA.

Aliquoting was for 2 hr with 30-min intervals. The reaction

products were desalted with the use of C18 ZIPTIP (Milli-

pore) and subjected to mass spectrometry analysis on an

Esquire LC ion trap apparatus (Bruker Daltonik). To

confirm competition between these peptides, different

amounts of MIM-3 (none, 500, 1000 and 2000 ng) were

incubated with 500 ng MIM-3b and 92 ng gelatinase B in

5 mL assay buffer. The reactions were terminated with 1%

TFA and desalted with C18 ZIPTIP.

As MIM-1 was not cleaved by gelatinase B (see Section

3), its inhibitory potential was investigated. Different

amounts of MIM-1 (none, 22, 44 and 87 mg) were incu-

bated with 20 mg MIM-3 and 92 ng gelatinase B. A similar

procedure as above was used except that the reaction

mixture was diluted 10 times with 1% TFA before being

desalted with ZIPTIP and analyzed by mass spectrometry.

2.5. Recombinant expression of REGA-3G12

scFv in yeast and purification

Two plasmid constructs were prepared to evaluate the

use of P. pastoris in the production of scFv constructs of the

monoclonal antibody REGA-3G12 (Fig. 1). One construct

(p3G12h-pp2.2) contained the sequence encoding a histi-

dine (His6) tag at 30 side; the other construct (p3G12-pp11)

was produced without a tag. The product (3G12-pp11) of

the latter construct is the purified 3G12-scFv protein

bearing no tag at the C-terminal extremity. This recombi-

nant protein represents the scFv derivative of the mono-

clonal antibody REGA-3G12 [15,16], which inhibits the

enzymatic activity of human gelatinase B (MMP-9).

A plasmid was constructed containing the cDNA coding

for REGA-3G12 scFv (p3G12-pp11) and subsequently

Table 1

Peptide synthesis

Peptide Sequence Peak mass

MIM-3 Ac-Pro-Hyp-Gly-Pro-Gln-Gly-Ala-Thr-

Gly-Glu-Hyp-Gly-CONH2

1137.4

MIM-3b H-Pro-Hyp-Gly-Pro-Gln-Gly-Ala-Thr-

Gly-Glu-Hyp-Gly-CONH2

1095.6

MIM-1 H-Pro-Hyp-Gly-Pro-Gln-Gly-Ala(CH3)-

Thr-Gly-Glu-Hyp-Gly-CONH2

1109.6

Hyp represents hydroxyproline.
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used to transform P. pastoris GS115 cells. The transformed

Pichia cells were cloned containing the p3G12-pp11 plas-

mid. Expressed 3G12-pp11 was produced by the Pichia

cell culture induced with methanol, and purified by differ-

ential ultrafiltration and subsequently by gel filtration

chromatography.

The final product (3G12h-pp2.2) is the purified 3G12-

scFv protein fused with a histidine (His6) tag at the

carboxy-terminal extremity. The histidine (His6) tag allows

the purification of the fusion protein by affinity chromato-

graphy using a Ni-NTA (Qiagen) or an IMAC (Amersham

Biosciences) support. A plasmid containing the cDNA of

the REGA-3G12 scFv fused to a histidine (His6) encoding

vector (p3G12h-pp2.2) was constructed and used to trans-

form P. pastoris GS115 cells. The transformed cells that

contain the p3G12h-pp plasmid were cloned. Expressed

3G12h-pp was produced by the Pichia cell culture induced

with methanol and purified from the medium.

3. Results

3.1. Factors influencing the labeling and stability

of the gelatin substrate

Gelatin was fluorescently labeled with FITC, dissolved

in DMSO [19]. Since DMSO and free FITC interfere with

the binding of fluorescent gelatin to the polystyrene micro-

spheres and the subsequent fluorescence detection, these

substances were removed by gel filtration chromatography

before fluorescently labeled gelatin was incubated with the

microbeads. Non-covalent binding of fluorescent gelatin to

polystyrene was independent of the reaction volume (data

not shown) and the binding capacity was saturable (Fig. 2).

An important factor for the application of the method is

the stability of the non-covalent binding of fluorescent

gelatin to polystyrene in the stock solution. At 48, the

fluorescence intensities of the microspheres decreased

gradually with time: about 80% fluorescence remained

after a storage time interval of 1 month in the dark. Since

the substrate is to be incubated at the physiological tem-

perature of 378, we measured the alterations of fluores-

cence intensities after prolonged incubation times at 378.
About 50% loss of signal was found after a short incubation

of 4 hr and the signal decreased gradually thereafter

(Fig. 3A). These data indicate that the binding of fluor-

escent gelatin to the solid phase generates a substrate with

sufficient shelf life for inhibitor screenings. However,

appropriate blank controls are necessary to account for

changes in the fluorescence signal, when long incubation

times are used. During an enzyme reaction at 378, the

difference between the samples incubated with enzyme

and their corresponding blank controls is gradually

increased. As shown in Fig. 3B, a 16-hr-incubation is

adequate as a standard condition, since the percentage

of degraded gelatin increases linearly with the incubation

time.

The labeled gelatin, bound on the solid phase, sinks to

the bottom of the reaction vessels together with the micro-

spheres. The immobilization of the substrate may influence

Fig. 1. Construction of plasmids of REGA-3G12 scFv. The REGA-3G12 scFv plasmids [16] formed the basis for construction of a histidine-tagged

expression plasmid for Pichia pastoris, named p3G12h-pp2.2. An analogous plasmid (p3G12-pp11) was made, generating a protein without histidine tag. VH

and VK are the variable immunoglobulin domains of the heavy and the kappa chains, respectively. These are connected with a glycine/serine linker. At the 50-
end of both vectors an alcohol oxidase-1 (AOX1) promoter and an alpha factor secretion signal (a Factor) are included.
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Fig. 2. Binding of fluorescently labeled gelatin on the microspheres.

Increasing amounts of a standard substrate preparation (0.124 mg/mL

fluorescent gelatin) were incubated with equivalent amounts of polystyr-

ene microbeads. After washing, the fluorescence of coated micobeads was

determined by analysis in a flow cytometer.
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the enzyme reaction. The substrate conversion in a sta-

tionary vs. a stirred vessel was compared. Figure 4A shows

that both reaction conditions resulted in equal substrate

conversion. This implies that rotary incubation of the

reaction is not necessary. In Fig. 4B, the effects of substrate

amounts (represented as the amounts of gelatin-coated

microspheres) on substrate conversion were evaluated.

Similar enzyme activities were obtained with different

amounts of fluorescent gelatin labeled microbeads. This

implies that the local concentration of gelatin substrate,

which is bound to the solid phase and therefore cannot

freely move in the solution, cannot be changed by different

amounts of coated microspheres. Thus, the method is not

suitable for the analysis of enzyme kinetics and Km and Ki

values cannot be obtained with this type of assay. As the

substrate conversion only depends on the enzyme concen-

tration of the reaction system, similar standard lines can be

obtained even with different batches of solid phase sub-

strate preparations. The assay is useful for the screening of

inhibitors.

3.2. Standardization of the assay conditions

The assay was standardized with samples of activated

natural human gelatinase B from neutrophils [17,18].

Figure 5A shows the results of two substrate conversion

experiments with equivalent enzyme amounts. The result-

ing semi-logarithmic curves of substrate degradation vs.

enzyme amount are sigmoid. With the use of regression

analysis the linear segments of the curves can be delineated

(Fig. 5B). If the activity of an unknown sample lies in the

linear section of such a standard line, the amount of

enzyme activity in that sample can be deduced by compar-

ison with a standard enzyme preparation. For adequate

titration, we used linear sections that contained at least four

data points per sample and linear regression coefficients in

excess of R2 ¼ 0:99. Gelatinase B preparations from dif-

ferent sources (e.g. cell lines, species, glycosylation var-

iants) may behave differently in the assay. For instance, the

enzyme amounts within the linear part of the standard line

ranges from 50 to 400 ng for recombinant mouse gelatinase

B [20] and from 60 to 1000 pg for activated natural human

neutrophil gelatinase B, as confirmed in at least two

different assays.

Standard buffer conditions are also critical: human

neutrophil gelatinase B shows 10 times higher activity

when incubated in assay buffer (100 mM Tris–HCl pH 7.4,

100 mM NaCl, 10 mM CaCl2, 0.01% Tween-20) than in

PBS (100 mM sodium phosphate pH 7.4, 137 mM NaCl)

(data not shown). Furthermore, the presence of calcium
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Fig. 3. Stability and degradation of labeled gelatin. (Panel A) A stock

solution of fluorescently labeled gelatin-coated microspheres was

incubated at 378 for various time intervals and the samples were washed

and analyzed for residual fluorescence. (Panel B) Fluorescent substrate

was incubated with enzyme for different time intervals and the residual

fluorescence was determined (full squares). Their individual blank controls

were also tested (open diamonds). The plot (filled triangles) represents the

difference between the fluorescence of samples incubated with enzyme

and the corresponding controls. As a result, the percentage of cleaved

fluorescent gelatin can be deduced (filled circles).
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Fig. 4. Effects of rotary incubation and of substrate amount. (Panel A)

Stationary vs. rotary incubation. Labeled beads were incubated with 50,

100, 200 ng recombinant mouse gelatinase B at 378 for 16 hr. Substrate

conversion was compared between a stationary (open squares) and a rotary

incubation (filled diamonds). Parameters of the linear regression analysis

are indicated for both curves. (Panel B) Standard lines of substrate

conversion by recombinant mouse gelatinase B. For each enzyme

concentration, different amounts of labeled substrate from one stock

solution were titrated to generate individual standard lines. The plot for

10 mL substrate incubation is indicated with filled triangles (R2 ¼ 1), the

plot for 20 mL substrate with open squares (R2 ¼ 0:99) and the plot for

30 mL substrate with filled diamonds (R2 ¼ 0:99).
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ions in the digestion buffer stabilizes human neutrophil

gelatinase B, especially at low enzyme concentrations. A

low concentration of Tween-20 (0.01% in assay buffer)

prevents human neutrophil gelatinase B from binding to

the surface of the reaction vessels. The latter is particularly

important with the use of low enzyme concentrations, for

example, 100 pg enzyme in a 100 mL reaction system (data

not shown). A last factor to take into account is the

incubation time. Equivalent amounts of substrate are con-

verted when lower amounts of enzyme are added for

prolonged incubation times. In other words, the detection

limit of the assay can be improved by longer incubation

times (Fig. 6).

3.3. Investigation of a peptidomimetic analog

A consensus peptide with sequence PBGPQGAT-

GEBG (single-letter code for amino acids, B is hydro-

xyproline) was defined based on previously determined

gelatinase B cleavage sites in collagen type II [2]. This

sequence was used to synthesize peptide substrates for

gelatinase B. Both MIM-3 and MIM-3b were cleaved

(Fig. 7A and B) by gelatinase B, whereas MIM-1 with N-

methylalanine on position P0
1 was not cleaved (Fig. 7C).

No fragment peaks for peptidomimetic (MIM-1) can be

detected by mass spectrometry (data not shown). MIM-1

was an inefficient inhibitor of the conversion of MIM-3.

An excess of 15.7 mM MIM-1 yielded only 16.7% reduc-

tion of the conversion of MIM-3 at 3.5 mM (data not

shown).

3.4. Comparison of gelatinase B inhibitors

The inhibitory effects on both gelatinase A and gelati-

nase B by different inhibitors were tested using the fluor-

escence assay method. The inhibitors included 1,10-

phenanthroline, EDTA, TIMP-1, D-penicillamine, peptido-

mimetic MIM-1, polyhistidine and scFv REGA-3G12 with

and without histidine tag. The linear part of the standard

line was from 98 to 782 pg for gelatinase A and from 62 to

500 pg for gelatinase B in a 50 mL reaction system. Dif-

ferent inhibitors were incubated with 109 pM enzyme

(391 pg gelatinase A and 500 pg gelatinase B) individually.

Positive controls (without inhibitors) were included for

both enzymes. The residual activity in a sample in the
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Fig. 5. Effect of gelatinase B concentration on the substrate degradation.

(Panel A) Various amounts of activated human neutrophil gelatinase B

were incubated with labeled gelatin (coated on microspheres) at 378 for

16 hr and residual fluorescence of the washed microbeads were measured

and compared with the fluorescence of the beads incubated without

enzyme. Two parallel titrations of an equivalent amount of enzyme are

shown. (Panel B) Linear regression analysis of the standard lines from

(panel A). Semi-logarithmic plots (inferred from data points obtained

between 1.6 and 12.5 ng of human neutrophil gelatinase B) were analyzed.
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Fig. 6. Effect of incubation time on the fluorescent gelatin conversion.

Standard lines of gelatin conversion by activated human neutrophil

gelatinase B were generated after different incubation times. Detection

limit improves with longer incubation time. Plots represent incubation for

8 hr (filled diamonds), 16 hr (filled squares) and 32 hr (filled triangles),

respectively.
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Fig. 7. Degradation of MIM-3, MIM-3b and MIM-1 by gelatinase B. In

(panels A, B and C), 500 ng MIM-3, MIM-3b or MIM-1, respectively,

were incubated with 92 ng gelatinase B in 5 mL assay buffer at 378.
Reactions were terminated after different incubation times. The reaction

products were desalted with the use of C18 ZIPTIP and analyzed by mass

spectrometry. The singly charged peak of each peptide is shown. In (A)

and (B), full lines represent the amount of peptide incubated with

gelatinase B after zero minutes, dashed lines after 30 min incubation,

dotted lines after 60 min incubation. In (panel C), full line indicates the

amount of MIM-1 incubated with gelatinase B after 0 min, dashed line at

8 hr and dotted line at 24 hr. The theoretical masses of MIM-3, MIM-3b

and MIM-1 with a single charge are indicated in Table 1.
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Table 2

Inhibition of gelatinase A and gelatinase B

Inhibitor Concentration Inhibitory activity

on gelatinase B (%)

Inhibitory activity

on gelatinase A (%)

1,10-Phenanthroline 10 mM 100 100

EDTA 5 mM 73.8 100

EDTA 10 mM 100 100

TIMP-1 1 nM 88.2 85.2

D-Penicillamine 10 mg/L 43.3 36.5

Peptidomimetic MIM-1 1 mM No inhibition No inhibition

Polyhistidine 0.3 mM 43.7 8.2

Polyhistidine 1 mM 67.8 20.5

Polyhistidine 3 mM 85.1 36.8

REGA-3G12 scFv with (His6) monomer 10 mM 6.5 No inhibition

REGA-3G12 scFv with with (His6) dimer 5 mM 65.9 75.0

REGA-3G12 scFv no tag 1.25 mM 8.8 No inhibition

REGA-3G12 scFv no tag 2.5 mM 32.4 No inhibition

REGA-3G12 scFv no tag 5 mM 44.4 No inhibition

All percentages inhibitory activity were confirmed in at least two different assays.

Fig. 8. Analysis of the REGA-3G12 scFv with a histidine tag. (Panel A) Gel filtration chromatography of REGA-3G12 scFv with a histidine Tag. Six

hundred microliters crude sample (3.43 mg/mL) was loaded on a Superdex S-200 column. The flow rate was 0.5 mL/min with 2 min/fraction. The arrows

indicate the monomeric and dimeric forms. The molecular standardization is indicated in kilodaltons on top and the numbers in the graph refer to the SDS–

PAGE lanes in (panel B). (Panel B) SDS–PAGE of protein fractions after gel filtration chromatography of REGA-3G12 scFv with a histidine tag. All samples

were chemically reduced before loading on the gel. Lanes 1 and 2, crude sample 0.5 and 0.25 mL; lane 3, fraction 45; lane 4, fraction 51; lane 5, fraction 58;

lane 6, fraction 65; lane 7, fraction 80; lane 8, molecular marker proteins, indicated in kilodaltons (kDa).
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presence of inhibitor was calculated. The inhibitory activ-

ities are summarized in Table 2. Polyhistidine inhibited

gelatinase B efficiently at 3 mM. The only selective inhi-

bitor of gelatinase B was the REGA-3G12 scFv without

histidine tag.

3.5. Comparison of REGA-3G12 scFv variants

REGA-3G12 is a mouse monoclonal antibody that

specifically inhibits human gelatinase B [15]. It has been

derivatized into a single chain variable fragment (scFv)

[16]. Here, we expressed variants of this scFv in the yeast P.

pastoris, separated monomeric and dimeric variants by gel

filtration chromatography (Fig. 8, panels A and B) and

demonstrated the differences between the recombinant

proteins (Fig. 9A and B). For example, the 3G12h-

pp2.2 protein reacted with an oligohistidine-specific anti-

body and the selectivity of 3G12-pp11 for gelatinase B is

evident from the Western blot analysis in Fig. 9B. In

Table 2, the various forms are compared. The monomeric

REGA-3G12 scFv with an oligohistidine tag has low

inhibitory activity and is selective. As a contrast the

dimeric form had higher inhibitory activity but also inhib-

ited gelatinase A. Finally, the most selective inhibitor was

the untagged REGA-3G12 scFv.

4. Discussion

In the present study, the conversion of fluorescently

labeled gelatin by gelatinases was used to characterize

gelatinase B inhibitors. As an example, a small inhibitory

peptidomimetic compound was synthesized. This peptido-

mimetic showed a limited inhibition of cleavable gelatin-

derived peptides, but was ineffective as inhibitor of intact

gelatin degradation.

A common problem in the development of active site

inhibitors of MMPs is the absence of selectivity. In addi-

tion, as the synthetic substrates are typically small, the

assay method is also a key element in the definition of

inhibitors. Early approaches for the identification of MMP

inhibitors were based on the information of the sequence at

the cleavage site [21–25]. Apparently, all inhibitors needed

a ZBG and showed only moderate inhibitory activity. At a

later stage, research groups successfully developed hydro-

xamate-containing peptidomimetics with inhibitory activ-

ity against gelatinase B [26–34]. Small peptidomimetics

using thiol ZBG instead of hydroxamate also appeared to

possess high inhibitory activity against gelatinase B [35–

37]. Recently, some natural peptidomimetic inhibitors

were found [38,39]. However, all these small molecules

showed a broad-spectrum inhibitory effect and were not

selective between different MMPs, especially not between

gelatinase A and gelatinase B.

Small peptidomimetics interact with the catalytic site,

whereas intact gelatin makes additional interactions with

the three fibronectin repeats. Therefore, intact gelatin has a

much higher affinity with gelatinase B than peptidomi-

metics. This, in addition to the absence of a ZBG, may

explain why the peptidomimetic MIM-1 was a poor inhi-

bitor.

Elongation of the peptide sequence may be a way to

increase inhibitor selectivity. From the present data, it

seems to be difficult to obtain a good inhibition from a

peptide with only a natural sequence devoid of any ZBG(s).

Therefore, the use of combinatorial synthesis [40] to

deconvolute natural sequences incorporated with different

zinc-binding groups in different positions, together with

structural data [41–43] and structure–function studies [7],

Fig. 9. Analysis of recombinant scFvs. Single-chain variable fragments

derived from REGA-3G12 were expressed in Pichia pastoris with the use

of the plasmids described in Fig. 1. (Panel A) Western blot analysis of the

product of p3G12h-pp2.2 and two other clones (2.3 and 2.5). The blot was

probed with an anti-histidine antibody. Human albumin (hALB) was used

as negative control. (Panel B) The scFv p3G12h-pp11, expressed in yeast,

reacted selectively with neutrophil gelatinase B monomers (Mono), dimers

and neutrophil gelatinase B-associated lipocalin (NGAL) complexes, but

not with gelatinase A (MMP-2). To visualize the immunoreaction, we used

a horse radish peroxidase-conjugated anti-mouse IgG.
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are a promising but unexplored solution to obtain effective

and selective gelatinase B inhibitors.

Gelatinase A and gelatinase B are unique in the MMP

family as they have three fibronectin type II repeats

inserted in the catalytic domain. These are important to

endow the gelatinases with gelatinolytic [44] and elasti-

nolytic activity [45]. The X-ray crystallographic model of a

progelatinase A variant [46] implied that the prodomain

peptide protrudes into the fibronectin domain. This sug-

gests that a useful peptidomimetic inhibitor would need to

be extended into that domain. From the present data, it

seems that a natural peptide with a sequence from P0
6 to P6

is not long enough to confer selective inhibition. As a

result, we are now approaching the issue of selectivity by

the synthesis of peptidomimetic inhibitors interacting with

the fibronectin domain.

To address the issue of assay sensitivity, we used the

FASC method with intact gelatin as substrate and with

gelatinase A or gelatinase B as enzymes to compare a

series of known and new inhibitors. Accordingly, we found

that polyhistidine at micromolar concentrations is an inhi-

bitor of both gelatinase A and B with tenfold higher

inhibitory activity against gelatinase B than against gela-

tinase A. This may represent concentration dependence as

a recent study evaluating a histidine-tagged scFv in a renal

ischemia model did not uncover a histidine-specific inhibi-

tion of gelatinase B/MMP-9 when used at nanomolar

levels.1 Previously, we developed a monoclonal antibody

with selectivity against gelatinase B [15]. Various novel

forms of the single-chain Fv of this monoclonal REGA-

3G12 were produced and compared in the present study. It

was found that all monomeric forms with a histidine tag are

less efficient as inhibitors, whereas the dimeric forms

inhibited better, but also lost selectivity. This may be

explained by the presence of two histidine tags which

may be enough to confer inhibitory activity. As expected,

when the scFv was expressed without histidine tag, it

inhibited gelatinase B but not gelatinase A, emphasizing

the fact that large size inhibitors may indeed possess better

selectivity against gelatinase B than small peptidomi-

metics.

In conclusion, so far the best way to target specifically

gelatinase B activity, and to leave gelatinase A unaffected

is through the use of large size inhibitors such as mono-

clonal antibody derivatives. By serendipity we also found

that polyhistidine at certain concentrations acts as an

unselective gelatinase B inhibitor. As it is common practice

in developmental pharmaceutics to use histidine tails as

protein tags to enable a fast preparation of recombinant

protein on nickel columns, it is clear from our data that the

in vivo use of histidine-tagged proteins may cause unsus-

pected side-effects by inhibition of MMPs, especially

when applied in micromolar concentrations.
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