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Abstract

Canonical enzymes usually possess only one active site and catalyze only
one chemical reaction. The completely unpredictable result was obtained four
autoantibodies with catalytic activities. Monoclonal light chains NGTA3-pro-
DNase (MLC), unlike classical enzymes, possess three enzymatic activities.
NGTA3-pro-DNase hydrolyzes myelin basic protein (MBP) due to its serine-like
and metalloprotease activities as well as split DNA by DNase activity. Possible
homology of NGTA3-pro-DNase protein sequence with those of DNase |, as
well as several known human serine-like, Zn?- and Ca?-dependent proteases
were analyzed. The fragments of the protein sequence of MLC responsible
for specific binding of myelin basic protein, chelation of metal ions, amino acid
residues of active centers involved directly in the catalysis of two proteolytic
reactions, as well as DNA hydrolysis were found. Computer simulation, a
possible three-dimensional structure of NGTA3-pro-DNase, has shown its good
structural similarity with the crystal structure of a catalytic antibody having a
serine protease active site, the difference 1.79 A. Possible potential complexes
with oligopeptide and oligonucleotide were constructed by analysis of MLC
structural similarity with the crystal structure of HIV-1 neutralizing antibodies in
complex with its v3 loop oligopeptide antigen and complex of antibody 64M-2
Fab with d(TpT). The data obtained greatly expands the classical ideas about
the possible biological functions of antibodies.

Keywords: Systemic lupus erythematosus; Monoclonal light chains;
Proteolytic activity; DNase Activity; Abzyme catalytic centers

other immunological, biochemical, and medical indicators of these
pathologies are usually not differed statistically significantly from
those for healthy donors. The increase ABZs enzymatic activities in
time can be used both for the early diagnosis of various AIDs and for
assessing the depth of autoimmune processes [1-6].

Abbreviations

Abs: Antibodies; AA: Amino Acid; ABZs: Abzymes; AID:
Autoimmune Disease; AV: Average Value; CAPN: Calpain Protease;
MLC: Monoclonal Light Chain; MBP: Myelin Basic Protein; SLE:
Systemic Lupus Erythematosus; EDTA: Ethylenediaminetetraacetate;

PMSE: Phenylmethylsulfonyl Fluoride.
Introduction

Antibodies (Abs) against chemically stable analogs of transition
states of chemical reactions and natural auto-Abs demonstrating
enzymatic activities (abzymes, or ABZs), are well described (for review
see Refs [1-6]). IgGs and/or IgAs and IgMs abzymes that hydrolyze
ATP, DNA, RNA, oligosaccharides, peptides, and proteins were
revealed the blood sera of patients with various autoimmune diseases
(AIDs): systemic lupus erythematosus (SLE), Hashimoto’s thyroiditis,
polyarthritis, multiple sclerosis (MS), lymphoproliferative disease,
polyneuritis, malignant tumors, as well as with three viral diseases -
viral hepatitis, tick-borne encephalitis and human immunodeficiency
([1-6] and references therein). It is very important that antibodies
from the blood of healthy donors usually did not demonstrate
perceptible catalytic activities [1-6]. Enzymatic activities of ABZs are
easy to test at the onset of the development of various AIDs when

SLE is a systemic autoimmune pathology at which occurs
disorganization of connective tissues, comprising damage of skin and
visceral capillaries [7]. Polyclonal auto-Abs (IgGs and/or IgAs, IgMs)
hydrolyzing DNA, RNA [8-11], MBP [12-15], and oligosaccharides
[16-19] were revealed in the blood of patients with SLE.

Monoclonal light chains (MLCs) possessing only DNase and
MBP-hydrolyzing activities were obtained using the kappa light
chain cDNA library of peripheral blood Abs of patients with SLE
[20-28]. All individual MLCs with DNase activity demonstrated very
many pH optima, individual dependencies on the concentration of
different metal ions [24,25]. The affinities of all MLCs to DNA were
about 2-3 orders of magnitude higher than that for human DNase I.
Similarly to canonical metalloproteases; several MLCs were inhibited
only by EDTA demonstrating only metal-dependent activity [26].
Enzymatic activity of other MLCs having typical serine-like or thiol-
like proteases activity was suppressed respectively only by PMSF or
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In contrast to canonical enzymes, absolutely unusual was
NGTA3-pro-DNase has three sites combined in one active center:
serine-like, metal-dependent, and DNase activities [29]. Taking
this into account, it was particularly interesting to what extent the
combined in one variable part of the light chain three different active
centers of unusual NGTA3-pro-DNase may be similar or different in
comparison with those for classical enzymes.

In this paper, we have analyzed for the first time the protein
sequence of NGTA3-pro-DNase and its homology with those for
various peptidases and DNases in order to identify MLC sequences
responsible for serine-like, metalloprotease, and DNase activities.

Materials and methods

Obtaining and analyzing monoclonal light chains

We used the phage cDNA library of recombinant kappa-type light
chains of patients with SLE described earlier [21]. The cDNA library
was a gift from S. Paul and S. Plaquet (University of Texas Houston
Medical School, USA). All operations to obtain phage particles and
monoclonal antibodies are described previously [21,26-29].

DNA and protein sequences of NGTA2-Me-pro-Tr

Determination of nucleotide sequence corresponding to
NGTA3-pro-DNase was performed similarly to [21]; MI3
reverse (5- GGAAACAGCTATGACCATG-3’) and FdSeql
(5-GAATTTTCTGTATGAGG-3’) primers were used for sequence
analysis. Nucleotide sequence VL-fragments of DNA were found
using automatic sequenator CEQTM 2000XL DNA (Beckman) and
special kit “F?CEQ DTCS. The amino acid sequence corresponding to
the DNA sequence was found using base data IgBLAST and V-base.
The nucleotide sequence of recombinant MLC has been submitted
to the GenBank (gb-admin@ncbi.nlm.nih.gov); Data Bank with
accession number nuc_4.sqn nuc_1 KP713344 for NGTA3-pro-
DNase.

A possible homology between NGTA3-pro-DNase and classical
enzymes was verified by the ClustalW2 server (http://www.ebi.ac.uk/
Tools/msa/clustalw2/). The percent of homology between sequences
was calculated using lalign (http://www.ch.embnet.org/software/
LALIGN_form.html). The analysis of MLC gene type was performed
using BLASTN 2.2.27+ server (http://www.ncbi.nlm.nih.gov/igblast/
igblast.cgi). DNA sequence of NGTA3-pro-DNase was closest to
those for previously described IgG light chains: IGKJ1*01 (100% of
identity), IGKJ4*01 (95.7%), IGKJ4*02 (91.2%); IGKV1-5*03 (79.8%
of identity), IGKV1-5*02 (78.4%), and IGKV1-5%01 (78.4%).

The spatial structure of MLC

The spatial structure of NGTA3-pro-DNase was found using the
crystal structure of abzyme with a serine protease activity (pdb id
leap chain a). The good structural similarity was found; the difference
between the structures (RMSD) is 1.79.

The potential complex of NGTA3-pro-DNase with oligopeptide
was built using structural similarity of MLC with the crystal structure
of an HIV-1 neutralizing antibody 50.1 in complex with its v3 loop
oligopeptide antigen. A potential complex of MLC with dinucleotide
was found using structural similarity of NGTA3-pro-DNase with
antibody 64M-2 Fab complexed with d (TpT).

Results

Homology of sequences of different protein

The nucleotide and amino acid sequences of NGTA3-pro-DNase
(further designated as MLC) were determined (Figure 1).

Interestingly, only the same enzymes from various mammals
usually demonstrate a high homology (70-95%). NGTA3-pro-DNase
possesses three different activities: serine-like, metalloprotease, and
DNase. [30]. The homology of different proteins with the same
enzymatic activities turned out to be significantly lower than the same
enzymes from various mammals [30]. The homology between four
serine proteases (elastase, trypsin, chymotrypsin, and trypsinogen) is
low and varies from 34.4% to 41% identity of amino acids (AAs) [30].

The levels of homologies (the identity of AAs) between NGTA3-
pro-DNase and classical proteases are varying from 24.5 to 25.4%,
while similarities (non-identical amino acids with highly and
moderately conserved properties) is significantly higher: from 42.5
to 48% [30].

Protein sequences of thirteen human metalloproteases Zn?*-
(MMPs) [31-34] and Ca**-dependent proteases [35,36] are described
earlier. NGTA3-pro-DNase is neither Zn**- nor Ca**-dependent
enzyme since it is activated by ions of various metals [29]. Its maximal
activity was observed in the presence of Ca?* ions (100%), while other
metal jons activate MLC not much [29]. The identity of MMP1 AAs
with the other twelve MMPs (MMP25, MMP24, MMP14, MMP?7-
MMP12, MMP3, and MMP2) varies from 30.3 to 61.5% [30]. Since
the low level of homology between Zn**-dependent proteases, it was
difficult to expect a high level of homology between MLC and these
classical metalloproteases. The level of homology between the Zn**-
dependent proteases and MLC ranged from 24.6 to 27.2%, the average
value (AV) is 25.7+0.8%, which is comparable in the homology
between some metalloproteases (30.6-31.3%). The similarity between
all Zn2+- proteases, and MLC was significantly higher: 40.0-48.6%,
AV is 44.5+0.3% [30].

The number of AAs of nine described Ca2+-dependent proteases
(Calpains or CAPNs with numbers 1-3, 5-10) varies from 640 to 821

A DNA sequence of NGTA3-pro-DNase

1- ATGGCCGACATCCAGCCCAATCTCCATCCACCCTGTCTGCATCAGTGGGAG
ACAGAGTCACCATCAGTTGCCGGGCCAGTCCGGTATTACATGGTTGGCCTGTTAT
CACGACATTGCAGGGAAAGCCCCTTAACTCCTGATCTAGGCGTCTACTTTACAAA
CTGGGGTCCCATCTATGTGCAGCGGCCATGGCTCTGGGACTCAGTTCAATCTCA
CCATCAACACCCTGCGGCCTGGTTCTGCAACTTACTACTGTCGACAGTAATACAG
TTATCCCTGAACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGAACTGTGGC
TGCACCATCTGTCTTCATCTTCCCGCCATCGCAGTTGAAATCTGGAACTGCCTCT
GTTGTGTGCCTGCTGAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTG
GACGCCCTCCAATCGGGCTCCCAGGAGAGTGTGCAGAAGCAGGACAGTCGGGA
CAGCGCCTACAGCCTCATCAGCACCCTGACGCTAACGAAAGCCGCCTACCAGAA
ACCACCGAGTCTACCCCTGCGAAGTCACCCATCAGGACCACCGCCTTGGGAGGU
AGAGAGAACAAGCTCGCACTCCCCAAGCATGATTTCTGCCGCACCGACGGTGGA
GAGCTTATCGGTAGTAGCGGTCACGAGCCAGCGGCTGCCTTACTCGGTCTCACT
CGCGCCGAAATCGGATAGAAAGTCGAGAAACTCGGCCGCTTCGCTCTCATTCAT
CGAGAACCTGTCGTTTTAATTCTCGCTGCACCCCGAACTGGAGGTCTTAACGAAA
CTAGUGCAGCTAGTAAGCCAGCTGCAGGGTTCGGTCAACATACTCGCGCTCTTG
TTGTAGGAGCTAATAAGCTCCTAGCTAGAACTCCCAGTCGTGCCGCACTCGGATT
CGGAAACGTTGTAGTTAGTCGTCTAGCACAAGTA - 954

B Protein sequence of NGTA3-pro-DNase

1 - MADIQPNLHPPCLHOWETESPSVAGPVRYYMVGLLSRHCRESPLTPDLGVYF
TNWCGPIYVQRPWLWDSVQSHHQHPAAWFCNLLLSTVIQLSLNVRPRDOQGGNQTN
CGCTICLHLPAIAVEIWNCLCCYPAELLSQRGQSTVEGGRPPIGLPGECAEAGQSG
QRLOPHQHPDANESRLPETTESTPAKSPIRTTAFGGRENKLALPKHEFRTDGGELIG
SSGHEPAAAFLGLTRAEIGSKY EKLGRFALIHREPYVFILAAPRTGGLNETSAASKP
AAGFGQHTERALVVGANKLLARTPSRAALGFGNYVVSRLAQV - 318

Figure 1: DNA (A) and protein (B) sequences of NGTA3-pro-DNase.
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A H logy of MLCh protein fragment containing His-Cys catalytic

residues of serine-like activity with those for canonical proteases

Mmch o e LSRHCRESPLIPDLG - 49
Trypein VDDDDE TCGANT 1 VESGIOVRLG - 57

. R = A R A e
MLCh IQPMLH-PPCLHQWETRSP------ SYAGPVRYMVG- - —= == ==m, LLSRHCRESPLTPDLGY-49
Ch-trIHPVLSGL QLD I "“"I-HI! Q—nﬁbnl -67
MLCh G LESRHCRE SFLTPOLGY IFTNWGPT YVOR os- T
Ch-tr-gen GGSLISEDWVITAAHCGIRT VI ILTVRND 120

B Homology between MLCh and protein fragments containing catalytic

Asp residues
MLCh PWLWDSVQSHE (2 identical and 2 Ahs with similar properties)
LI
Trypsin  NTLNDDIMLI
MLCh PRLDISVOSE (2 identical and 3 ARs with similar properties)
Ll ., L

Ch-tr-gen PSADDDEEAG

MLCh PWLWDSVQSE (3 identical and 1 AAs with similar properties)
.. ow
Elastase NLINDIVILO 11

c Homology between protein fragments containing catalytic
Asp residues in different serine-like proteases
p

NTLNDDIMLI (2 identical and 3 AAs with similar properties)

Tt

Ch-tr-gen FSADDDEFEAG

Trypsin

Ch-tr-gen PSADDDFPAG (1 identical and 2 ARs with similar properties)
o

Elastase NLLNDIVILO

D Homology between fragments MLCh and proteases containing catalytic
Ser residues

MLCh fa‘ﬂ.&ﬁ:i‘mﬁi (5 identical and Z AAs with similar properties)
Trypsin scéelis-uec

MLCh gqm;,g§wsz {5 identical and 1 AAs with similar properties)
Chymorypsin SCHGDS -GG

MLCh fﬂ‘a&ﬁ}‘!ﬂ?& (5 identical and 1 AAs with similar properties)

Chvmotrvosinogen SCMGDS---GG

Figure 2: Homology of fragments of MLC protein sequences containing
catalytic His-Cys (A), Asp (B), and Ser (D) with corresponding clusters of
trypsin, chymotrypsin, elastase, and chymotrypsinogen containing the same
catalytic residues. Panel C demonstrates homology between sequences of
several canonical serine-like proteases containing catalytic Asp. Homology
of Panel A sequences was analyzed using ClustalW2, while Panels B-D by
LALIGN server. The amino acids identical between two pairs of sequences
are marked with an asterisk (*), while non-identical amino acids with highly
(colon; A) and moderately (point; A) or together highly and moderately
conserved properties with a colon (:); Panels B-D.

[36]. The maximum identity and similarity are observed for several
calpains (%): CAPN1-CAPN2 (63.0 and 87.1), CAPN2-CAPNS (62.0
and 85.8), and CAPN1-CAPNS: (59.0 and 83.2). The minimal identity
and similarity were found for other CAPNs (%): CAPN2-CAPN7
(25.2 and 52.7), CAPN3-CAPN7 (24.9 and 51.1), CAPN7-CAPN10
(26.1 and 52.1), CAPN7-CAPNS (26.3 and 52.9), CAPN1-CAPN7
(26.7 and 53.0) and CAPN7-CAPN9 (26.7 and 51.6). Overall, the
level of AAs identity for nine CAPN varies from 24.9 to 63%, and the
similarity from 51.1 to 87.1% (the AV of identity is 37.9 + 11, and the
similarity is 63.2 + 10.8%).

The identity of AAs between all CAPNs and MLC varied from
24.5 to 27.5% (AV 25.8+0.9%), and the similarity from 44.3 and to
48.9% (AV 47.1+1.7%). Thus, the homology of all the CAPNs and
NGTA3-pro-DNase is comparable to that for several Ca**-proteases
themselves (24.9-26.7%), as well as with the sequence of the MLC
with some of Mg*'- and Ca?*-dependent proteases. Thus, the overall

Important for catalytic specific sequences of metalloproteases

Sequence | Sequence 1 Sequence 1
A Number of amine acids (AA) between the sequences

MMP1 af) - 11 AA - DEDERWT 31 AA - HelgH slgls H
MMP2 YpfdgkDGLIahat A~ 10 AA - DDDELWT 205 AA - HefgHamgleH
MMP3 EadimiSFA viehgD — 11 AA - DDDEOWT 31 AA - HeigH slglf H
MMP7 YpldgpGNTlahal A - 11AA - DEDERWT 32 AA - HelgHslgmgH
MMP8 SpfdgpNGI lahaf @ - 11 AA-DAEETWHT 31 AA- HefgHslgla H
MMP? ¥stcts EGR gded W ~146 AA- DDDELWS 28 AA - HefgHalgld H
MMP10 YsfdepGHSlahavP - 11 AA- DDDEKWT 31 AA - HelgHslglf H
MMP11 LpfdgpGGI lahafF - 11 AA- DYDETWT  32AA - HefaHvlglgH
MMP12 HaflghGGllahalG - 11 AA DEDEFWT 31 AA - Heigslglg H
MMP13 Ypfdgp SGL lahafP - 11 AA DDDETHT 31 AA - HefgH slgld H
MMP14 2 ;P - 8 AA- DSAEPHT 31 AA - HelgHalgle H
MMP24 Dgegafl AHayfpeP - 8 AA- DSDEPWT 31 AA - HelgHalgle H
VP25 YpRIgiGGT lahafF - 11 AF DDEETWT 36 AA - HefgHalglg H

Search of homology between MLCh and MMP1 containing
fragments important for protein binding

B 10 20 30 40 50
MLCh  MADIQPNLHPPCLHQWE-TE. \:‘RYYMLLSM ESPLTPDLGVYFTHWGE

e s G b e LR E -
MMP1  MK--QPRCGVEDVAQFVLTE---—- GNE- p.us.qwm..a ¥-RIEN-YTPDL-=nmnnn= P
30 40 50 60
60 T0 an 30
MLCh e Y-V'QRW LWDSVQEHHQHPMENLLLSTV IQLSLNVE
ek . Lo w; ww
MMPL MDWERIMLWSNV T————PL']‘ FTKVSE@RDIHISF ~VR
70 BO 0 100
97 112
MLcH PRO-QGGN----- E‘NCGCTIC MLCh site of protein binding
oW www

Mvpl PFDGPGGNLAHA Qpcpc—-m

120 130 140
MLCh -- LHLPAIAVEIW-NC----- LCCVPA-ELLSQR-G--QST-VEG
*: + x 2 L T T T R
MMPL  GDAHFDED--ERWINNFREYNLHRVAAHEL-GHSLELSHSTDI-G
130 140 150 180
150 160 170 180
MICh  G--RPPIGLEGEC--AEA---G-QS--G--QR-1QP--HQHEDANESRLPETTESTPAKS
T i
MMPL .\mesn!ssnvmnmmmm!Gasqswqpmmmm--rm---nn
170 180 190 200 210 220

Figure 3: Three specific fragments of protein sequences of thirteen human
metalloproteases, which are important for binding of protein-substrates
(sequence 1), catalysis of the reaction of protein substrate hydrolysis
(sequence 1) and chelating of metal ions (sequence Ill) (A). Homology
(LALIGN server) between the universal protein protein-binding sequences
of MMP1 with hypothetical MBP-binding site of NGTA3-pro-DNase (B).
The amino acids identical between two pairs of sequences are marked with
an asterisk (*), while non-identical amino acids with highly and moderately

conserved properties with a colon (:).

level of homology between various protease enzymes with the same
functions can be relatively low. However, the homology between the
specific fragments of these enzymes forming their catalytic centers
is usually significantly higher, since they are more important for the
formation of their active centers and the catalysis.

Since  NGTA3-pro-DNase having DNase, serine-like, and
metal-dependent activities is a typical light chain, its sequence must
combine specific elements of protein sequences corresponding to
the light chain V-genes and any canonical DNases, serine-like, and
metalloproteases. The active centers of various abzymes are usually
formed by variable regions on the light chains of auto-Abs [2-6].
Approximately half of the complete NGTA3-pro-DNase sequences
(~150-156 AAs) shapes its variable region. All known serine-like
proteases are different in their lengths and are longer than MLC:
elastase (267 AAs), chymotrypsin (245 AAs), and trypsin (229 AAs)
[37]. All zinc-dependent proteases are also more longer proteins
containing from 403 to 707 AAs [31-34]. The lengths of CAPNs vary
from 640 to 821 AAs [36]. In the hydrolysis of proteins by calcium-
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A Homology between fragments MLCh and several metalloproteases
containing catalytic Glu residue in specific EIW tripeptide
MLCh IAVEIWN

MLCh IAVEIWN MLCh IAVEIWN

L ok .
MMP8 DAEETWT MMP3  DDDEQWT MMP12 DEDEFWT
MLCh IAVEIWN MLCh IAVEIWN MLCh IAVEIWN
* ok L Pk ok
MMP1 DEDERWT MMP7 DEDERWT MMP14 DSAEFWT
MLCh IAVEIWN MLCh IAVEIWN MLCh IAVEIWN
*ok LHL R
MMP2 DDDELWT MMP9 DDDELWS MMP24 DSDEPWT
Homology between fragments MLCh containing catalytic Glu and
and several CAPNs containing catalytic Cys residue
MLCh ~ AIAVEIWNCL (20.0 identity MLCh  AIAVEIWNCL (30.0 identity

i * * and 60.0% similar) %21 s

* * and 60.0% similar)
CAPN2 GLG-DCW-LL

CAPN10 ALG-DCW--L

MLCh  ATAVEIWNCL (20.0 identity MLCh  ATAVEIWNCL (30.0 identity
i1 : * * and 60.0% similar) *:: : * * and 60,0% similar)
CAPN7 GLG-DCW-LL CAPN9 ALG-DCW--L

EIWNC--L (37.5 identity
*: i* * and 62.5% similar)
ELGDCWFL

MLCh IAVEIW--NCLC (25.0 identity
tt ot % %+ and 50.0% similar)

CAPN10 LG-DCHFL-CAC CAER
Figure 4: Homology between MLC sequence containing catalytic Glu with
several MMPs containing catalytic Glu (A) and several CAPNs containing
Cys catalytic residue (B). The amino acids identical between two pairs of
sequences are marked with an asterisk (*), while non-identical amino acids
with highly and moderately conserved properties with a colon (:).

dependent proteases are involved three AAs: Asn (N), His (H), and
Cys (C). In nine different calpains, Cys residue can be in positions
from 97 (CAPNDY) to 359 (CAPNG®6) [36]. Depending on the CAPN,
His may be far from Cys at a distance from 133 to 205 amino acids
and Asn - 179-229 AAs. The spatial rapprochement of these AAs
during the formation of catalytic centers of calpains occurs during
the formation of tertiary structures of these proteases. In the case
of NGTA3-pro-DNase, all its three enzymatic activities (DNase,
metalloprotease, and serine-like) should be formed by ~150-156 AAs
of MLC variable part. This implies possible significant differences
in the organization of MLC active centers compared with those of
canonical enzymes.

Analysis of a possible location of the serine-like active
site

Ser residue of serine-like proteases catalyzes the hydrolysis of the
peptide bonds due to existing of a specific catalytic triad, including
serine (S), histidine (H), and aspartate (D), [37,38]. The D and
H residues are necessary to make Ser of the proteolytic site more
nucleophilic. Notwithstanding, a relatively low homology between
complete sequences of various serine-like proteases (see above),
all of them contain several more homologous and similar protein
fragments, which are important for the catalysis. The analysis of
homology between NGTA3-pro-DNase and serine-like proteases
was carried out using the variable part of the MLC sequence (150-156
AAs).

The search of homology between MLC and different sequences
of three serine-like proteases (three different sequence alignments)
containing the same AAs residues was carried out. Only one fragment
of good homology between NGTA3-pro-DNase and specific
sequences of proteases containing catalytic His38 residue was found

A Homology between metal-binding fragment of MLCh and Zn?*.chelating
sites of several MMPs

MLCh  E-GGRPPIGL (40.0 ident: and MLCh  E-GGRPPIGLEG (33,3 ident: and
* 4 ;. k% 60, 0% similar) # % . i#: % 58.3% similar)

MMP1  ELG-HS-LGL MMP7  ELG-HS-LGM-G

MLCh  E-GGRPPIGLPGE (39.5:0 ident: and MLCh E-GGRPPIGL (40.0 ident: and
* % ; %k % 53 8 % similar) ®* % : ox% §0.0% similar)

MMP2  EFG-HA-MGL--E MMP§  EFG-HS-LGL

MLCh  E-GGRPPIGL (40.0 ident: and MLCh E-GGRPPIGL (40.0 ident: and
* % %% 60.0% similar) * % . k% §0.0% similar)

MMP3  EIG-HS-LGL MMPY  EFG-HA-LGL

E-GGRPPIGLPG (41.7 ident: and
58.3% similar)

MLCh  E-GGRPPIGLPG (33.3 ident: and MLCh
* % k% 58 3% gimilar) ok AR
MMP4  ELG-HS-LGM-G MMP12 EIG-HS-LGL-G

B Homology between metal-binding fragments MLCh and Ca?*-chelating
sites of several CAPNs

MLCh EG-GRPPIGLPGE (38.5 identity and 61.5% similar)
2k k. skk *

CAPN1-3 DGNGK--LGLV-E

MLCh ELLSQRGQ-STVE (30.8 identity and 60.2% similar)
ke ke ke ok

CAPN1-4 DL-DKSGSMSAYE

MLCh ESPSVAGPVRYYMVGL  (25.0 identity and 56.2% similar)
k. ok . = kK

CAPN2-1 DSDG-SG--K--L-GL

MLCh QR-G-QSTVE  (30.0 identity and 70.0% similar)
Kok g X

CAPN2-2 DRSGTMNSYE

MLCh EIWNCLCCV-PAELLSQ-RGQSTVEGG (37.0 identity and 48.1% similar)
* k% * * * B * L * *

CAPN1-2 E-WN--N-VDPYER-DQLR-VK-MEDG

Figure 5: Homology between the sequence of the metal-chelating site
of MLC and Mg2+-binding sites of several MMPs (A) and different Ca2+-
binding clusters of CAPN1 and CAPN2 (the second number after the SAPN
number means the number of the calcium ion binding site) (B) The amino
acids identical between two pairs of sequences are marked with an asterisk
(*), while non-identical amino acids with highly and moderately conserved

properties with a colon (:).

(Figure 2A). The identity and similarity of His-sequence of MLC and
four proteases (16 AAs) were respectively (%): trypsin (35.8 and 58.8),
chymotrypsin (38.5 and 42.6), chymotrypsinogen (38.5 and 46.2),
and elastase (50.0 and 66.7). The identity and similarity of these 16-
mer fragments of these classical proteases (47.1-57.1 and 64.3-85.7%,
respectively) is, to some extent, comparable with these parameters
characterizing these proteases homology with the sequence of MLC
(35.8-50 and 42.6-66.7%).

The Asp of the D-H-S triad accepts the proton of serine through
the histidine residue. Only one relative short sequence of MLC
containing an important for catalysis Asp67 residue was found
(for example, Figure 2B). Interestingly, the homology of this MLC
fragment and corresponding sequences of four canonical serine-like
enzymes is comparable with that for these proteases themselves (for
example, Figure 2C).

The short sequence of MLC containing Ser140 was only one
demonstrating maximal identical and similar AAs to those of Ser-
containing sequences, which are impotent for hydrolysis of proteins
by four serine-like proteases (Figure 2D). This sequence of MLC
is disposed on a distance of 72 AAs from Asp67 residue, which is
average between such distances for chymotrypsinogen (66 AAs) and
elastase (84 AAs).
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The identity of MLC Ser-sequence with those of canonical
proteinases is 54.5%, while similarity varied from 54.6 to 63.6%.
The identity (70-84%) and similarity (90-100%) of Ser containing
sequences of classical proteases noticeably higher.

Analysis of a possible location of MBP binding sites

In all MMPs, the AAs involved in the hydrolysis of the proteins
are formed by short clusters containing 7-15 AAs, and there is data
on protein-binding sites of MMPs [31-35], but not for of CAPNs. The
analysis of a possible similarity of protein-binding sites of various
MMPs and NGTA3-pro-DNase has been carried.

All human MMPs contain three protein sequences, which are
important for protein substrates binding (type I sequence), catalysis
of the hydrolysis (type II sequence), and the chelating of metal ions
(type III sequence) [31-34]. Figure 3 shows these three sequences
(I-1I), including the central tripeptides that are most important for
protein recognition, as well as the terminal AAs of these sequences
(shown in bold). 15-mer sequences of the first type (I) in different
MMPs have a very different level of AA’s identity, which varies from
18.2 (MMP3-MMP13) to 92.3% (MMP1-MMP11). It is interesting
that the identity of AAs of MMP3 with six other MMPs varies from
18.2 to 27.3%, and the similarity is only from 40 to 66.7%. Thus,
protein recognition sites of different MMPs can be very different in
their sequences. However, such homology is likely to be sufficient,
since these MMPs usually recognize a wide variety of proteins mainly
due to the interaction of the carbonyl C=0 groups of metalloproteases
peptide bonds with AAs of hydrolyzing proteins [31-34]. Apparently,
for the complexation of protein-substrates with metalloproteases,
the spatial structure of these globular molecules and the relative
location in enzyme catalytic sites of various AAs responsible for the
recognition is more important.

A possible homology of MLC (156 AAs) and thirteen MMPs
was analyzed. Figure 3B demonstrates the data of MLC sequence
comparison with that for MMPI. In the protein sequence of the
MLC was found only one 15-mer 102-VRPRDQGGNQTNCGC-116
fragment, which to some extent, homologous to sequences I
responsible for the binding of protein substrates by all classical
metalloproteases. Similarly to MMP1 (SPFDGPGGNLAHAFQ) this
MLC sequence contains central GGN-tripeptide.

Possible localization of catalytic acids of Me2+-dependent
active center

Glutamic acid (Glu) of MMP8 (and other metalloproteases)
binds and activates the H20 molecule, which attacks and cleavages
the peptide bond of protein substrates [31-34]. Type II protein
sequences containing the catalytic Glu in all Zn2+-proteases are more
homologous to each other than sequences of type I. The identity of
AAs of these sequences in the case of 13 MMPs varied from 50 to 100%
(AV 71.3£9.7%), while similarity from 70 to 100% (AV 87.2+8.5%).

The peculiarity of the sequence II in all metalloproteases, it is Trp
(W) located across a single link from the rest of Glu (Glu-x-Trp).
The distance between sequences I and II containing Glu residue for
MMP14 and MMP24 is eight AAs. The search for the homology of
the sequences of type II of all MMPs and protein sequence of MLC
(156 AAs) revealed only one fragment of the light chain (IAVEIWN)
containing Glu-x-Trp with the distance between sequence I and II

A Search of homology between sequence of MLCh containing His-1 and
sequence of human DNase | containing His-1 (155) residue of the active center

MLCh PCLHQWETESPSVAG

oKk . ik K
DNase-H1 P-LH---A-AP---G

33.3 identity and 46.7% similar

B Search of homology between sequence of MLCh containing His-2 and
sequence of human DNase | containing His-2 (273) residue of the active center

MILCh  TIC-LHLPAIAVEI 35.7 identity and 50.0% similar

ko koK kR

DNA-H2 AISD-HYP---VEV

C Search of homology between sequence of MLCh containing Glu and
sequence of human DNase | containing Glu99 residue of the active center

MLCh  QPNL 25.0 identity and 75.0% similar
B

DNase ERYL

D Search of homology between sequence of MLCh containing Asp and
sequence of human DNase | containing Asp233 residue of the active center

MLCh  D-LGVYFTNWGPIYVQR 23.5 identity and 58.8% similar

2 g E e X ek
DNase DRI-V-VA--G-MLL-R

Figure 6: Search in the sequence MLC for histidine residues H1 (A) and H2
(B), as well as Glu (C) and Asp (D) corresponding to these catalytic residues
in the sequences of human DNase |. The amino acids identical between two
pairs of sequences are marked with an asterisk (*), while non-identical amino
acids with highly and moderately conserved properties with a colon (:).

of 8 AAs, which is comparable with that for several MMPs. This
fragment of MLC demonstrates homology with short sequences of
all MMPs and maximal similarity with that for MMP8 (Figure 4A).

It could be assumed that the sequences containing catalytically
active residues of the active centers of CAPNs and MMPs may have a
noticeable level of homology. First, the analysis of the homology 12-
mer fragments of nine CAPNs containing Cys was carried out. The
identity of this CAPN1 sequence with those for nine other proteases
ranged from 55.6-57.1 (CAPN5 and CAPNG6) to 100% (CAPN2 and
CAPN7); AV =81.9+17.5%.

The analysis of possible homology of the 12-mer sequences
surrounding the catalytic Glu in thirteen MMPs and catalytic Cys
residues in nine CAPNs was also carried out. The identity of AAs
varied from 25 to 50% (AV = 31.8+5.8%), and similarity from 33.3 to
53.8% (AV = 45.5+5.2%). This indicated that for metalloproteases of
different types, the sequences surrounding catalytic AAs might have a
perceptible level of homology.

The identity between CAPNs sequences containing Cys residue
and a catalytic cluster of MLC containing Glu varied from 20 to
35% (AV = 27.0+6.3%), while similarity from 50 to 66.7% (AV =
59.3+4.7%) (for example, Figure 4B).

A feature of all Ca2+-proteases is that after the catalytic
Cys, there is a Trp residue (for example, the sequence CAPN1 -
GALGDCWLLAAI). All MMPs contain Trp residue through one AA
from the Glu catalytic residue (for example, MMP1 - DEDERWT).
Similar to all MMPs, the catalytic center of the MLC contains
W residue (PAIAVEIWNCLC), one AA later the Glu residue.
Interestingly, in spite that the MMP (Glu), CAPNs (Cys), and MLC
(Glu) sites responsible for catalysis contain different AAs directly
involved in catalysis, their specific sequences surrounding catalytic
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GIn5-DNase  Hisl (14)-DNase Asp47-DNase

- )
1-MADIQPNLHPPCLHQWETESPSVAGPVRYYMVGLLSRHCRESPLTPDLGY
His38 catalytic IriaJ of Ser-like protease
Asp67- catalytic triad of Ser-like protease

}

YFTNWGPIYVQRPWLWDSVQSHHQHPAAWFCNLLLSTVIQLSLN

Catalytic Glu121-Me"'-protease

| |
VRPRDQGGNQTNCGCTICLHLPAIAVEIWNCLCCV

MBP-recognizing site

His2 (114)-DNase -.\"[uh-clleluting cluster

}

!
TICLHLPAIAVEIWNCLCCVPAELLSQRGQSTVEGGRPPIGLPGECA -156

f

Ser140- catalytic triad of Ser-like protease

Figure 7: Hypothetical models of a possible location of AAs of a specific
triad (D-H-S), which may be responsible for the serine-like activity of MLC;
metal-chelating cluster (sequence lll), the specific site of MBP recognition
(sequence I), and Glu containing active site (sequence IlI) similar to those for
Zn2+-dependent metalloproteases as well as catalytic residues responsible
for DNase activity of MLC.

AAs have a very comparable identity and especially similarity.

Analysis of the possible location of site chelating metal
ions

X-ray diffraction analysis of Zn2+-peptidases revealed the general
structure of protein sequences of zinc-binding clusters: HxxxHxxxxxH
(Figure 3A) [31-34]. However, MLC is not Zn2+- or Ca2+dependent
enzyme; it is activated by different metal ions [29]. Therefore, it was
difficult to expect that the MLC AA cluster recognizing metal ions
may be very similar to those for classical Zn2+- or Ca2+-dependent
metalloproteases. Considering this, in the beginning, the search for a
possible sequence of type III was based on an analysis of the possible
homology of any MLC sequences and clusters of thirteen MMPs
chelating metal ions, as well as the ability of such clusters of the MLC
to bind metal ions. Such chelating clusters of MLC could, in principle,
contain from one to three of several hydrophilic AAs (Ser, Asp, Tyr,
Thr, Glu, Gln, Asn, Gln, His, and Lys), which are capable of forming
donor-acceptor bonds with various metal ions.

The identity of AAs of metal ion binding sites of Zn**-binding
metalloproteases varies from 44.4 to 55.6%, and similarity from 55.6
to 66.7%. The sequences of Zn**-binding sites of several MMPs were
homologous to different N-, while other to C-terminal fragments of
MLC. However, the sequences of Zn**-binding sites of 10 out of 13
MMPs were homologous to different short fragments of the same
9-12-mer sequence of MLC: EGGRPPIGLPGE. Several examples of
homology are given in Figure 5A. The identity of different length
fragments of MLC and ten MMPs varied from 33.3 to 50.0% (AV =
39+3.1%) and similarity from 53.8 to 62.5% (AV = 59.1+2.2%).

The Ca**-chelating sequences of several CAPNs are known, but
the number of them in one enzyme can vary from two to seven.

However, some CAPNs more often contain from one to three of such
sequences [36]. Interestingly, depending on the CAPNs Ca?*-binding
sequences may be very different in length (8-32 AAs) and AAs
composition. Many of these sequences are mostly not homologous,
demonstrating short homologous fragments containing only 3-4 AAs.
The level of AAs identity of several Ca**-chelating sites more often
is relatively low, <20-25.5%. Only several sequences demonstrated
higher homology. For example, in the case of CAPN1 and CAPN2,
the identity varied from 33 to 75%, while the similarity from 58.3 to
83.3%. This data indicated that the Ca**-binding sequences of these
enzymes could be of very different length and AA composition.

Then, analysis of possible homology between the Ca2+-binding
sites of CAPN1 (and CAPN2) and Zn?*-chelating clusters of MMPs
was carried out. Overall, the identity of the AA residues of these
sequences of CAPN1 and CAPN2 with Zn** clusters of thirteen
MMPs varied from 25 to 50%, and similarity from 33.3 to 53.8% (AV's
=31.8+5.8 and 45.5+5.2%, respectively). Thus, the homology between
the Ca**-sites of CAPN1 and CAPN2 and Zn**-clusters of thirteen
MMPs is quite comparable despite the fact that they chelate ions of
different metals.

Taking into account the relatively low level of homology between
the sequences of Ca?*-binding sites of various CAPNS, it was difficult
to expect their good homology with a universal Me**-binding cluster
of MLC. Several Ca?*-binding sequences of CAPN1 and CAPN2
demonstrated homology with different fragments of a long MLC
sequence: 132-ELLSQRGQSTVEGGRPPIGLPGE-154 (Figure 5B).
However, the same AAs of the MLC sequence, which were found in
all analyzed pairs of MLC and Ca**-binding sites of two CAPNSs, was
the fragment EGGRPPIGLPGE. This sequence of MLC was the same,
which was revealed from the comparison of MLC with Zn**-binding
sites of 13 MMPs. No other MLC Me?**-binding site homologous
simultaneously to Zn?*-clusters of MMPs and Ca®*-chelating sites
of CAPNs were found. Overall, the level of homology of the Me?*-
chelating site of MLC with clusters of CAPNs and MMPs recognizing
metals ions is very comparable (Figure 5).

The sequence found by us in MLC contains 12 AAs
(EGGRPPIGLPGE). Metal-binding sequences of various proteases
more often contain from 8 to 12 amino acids and three AAs
interacting with ions. In Zn**-peptidases, three His residues of 11-
mer HxxxHxxxxxH sequence chelate metal ions. [31-34]. In MLC
sequence 1-EGGRPPIGLPGE-12, Glu (E1), Arg (R3), and Glu (E12)
AAs can interact with metal ions. However, it is known that it is not
necessary that only Arg (R3) can participate in the chelating of metal
ions. For example, the chelating site of calcium ions may include
carbonyl and/or amino groups of peptide bonds of Gln, Ile, Val, and
Arg residues [39]. It cannot be excluded that any of AAs of PPIGLPG
fragment of 12-mer sequence of MLC is able to form bonds with
metal ions due to the carbonyl (C = O) or amino group of the peptide
bond (O = C-NH-).

Analysis of amino acid residues responsible for DNase
activity

The homology between the protein sequences of human DNase I
with this enzyme of various animals is relatively high (mouse, 77.8%;
bovine, 71.6%; and rat 45.5% of the identity). Homology of MLC
with human DNase I (26.7% of identity and 48.3% of similarity) was
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B with peptide
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Figure 8: The comparison of spatial structures of MLC and catalytic antibody
with a serine protease active site (pdb id 1eap chain a) was performed using
the crystal structure of serine-like proteolytic Abs; the difference between
the structures is 1.79 A (A). A potential complex of MLC with peptide was
obtained using its structural similarity with the crystal structure of an HIV-1
neutralizing antibody 50.1 in complex with its v3 loop peptide antigen (B).
A potential complex of MLC with dinucleotide was found using its structural
similarity with antibody 64M-2 Fab complexed with d(TpT) (C).

estimated. From the crystal structures of human DNase I complexes
with oligonucleotide four important for catalysis AAs were found:
Glu99, His155, Asp 233, and His273. It has been suggested that
His155 (H1) and His273 (H2) forming hydrogen bonds with Glu99
and Asp233, respectively, provide common acid-base catalysis of the
hydrolysis reaction [40, 41]. These AA residues are conserved for all
DNases.

First, we tried to find possible sequences of MLC homologous
to His155 (H1) and His273 (H2) of DNase I. Figure 6 demonstrates
homology of two sites of MLC with the sequence of human
DNase I containing these AAs. The MLC sequence containing H1
demonstrated 33.3% of identical and 46.7% of similar AAs with
DNase I cluster containing His155 (H1) (Figure 6A). The identity and
similarity of the second found site of MLC containing H2 (His114)
with the DNase I cluster were 35.7 and 50%, respectively.

We tried to find a site in the protein sequence of MLC containing
AA residue, which can have the role of Glu99 in the case of DNase
L. Only a short fragment of MLC containing only four AA residues
demonstrated homology with the DNase sequence containing Glu99
(Figure 6C). In addition, in this fragment containing Glu of DNase
I was changed for Gln in MLC. But, Gln of MLC, similar to Glu of
DNase I can form hydrogen bonds.

From searching for the homology of DNase sequence containing
catalytically important Asp233, a longer MLC sequence (16 AAs)
surrounding Asp residue was found (Figure 6D) The identity of AAs
of this sequence of MLC with a similar sequence of DNase was 23.5%,
while similarity - 58.8%. Overall, all four AAs of MLC can form
hydrogen bonds, while two His residues can provide general acid-
base catalysis. MLC may be considered as a new DNase having some
structural similarities with canonical DNases L.

Computer modeling of MLC three-dimensional structure

The computer simulation was used for the analysis of the possible
three-dimensional structure of MLC. A good structural similarity

of MLC was found with the crystal structure of a catalytic antibody
having a Ser-protease active site (PDB Id leap chain A). The difference
(RMSD) between these structures is 1.79 A (Figure 8A).

We have constructed a potential MLC complex with oligopeptide
using its structural similarity with the crystal structure of the HIV-1
neutralizing Abs in the complex with its v3 loop oligopeptide antigen.
The predicted binding site of oligopeptide was disposed of from 14 to
91 AAs of MLC.

A potential complex of MLC with dinucleotide was constructed
using its structural similarity with antibody 64M-2 Fab complexed
with d(TpT). The predicted binding site corresponds to 12- 85 AAs
of MLC.

Thus, using computer simulation, it was confirmed that MLC
could form complexes with peptides and oligonucleotides similar
to the other previously described light chains of Abs, recognizing
proteins and DNA.

Discussion

The data of [26-29] indicate the extreme diversity of anti-MBP
and anti-DNA recombinant kappa light chains in their affinity
for MBP and DNA, respectively. In contrast, canonical enzymes,
anti-MBP, and anti-DNA ABZs demonstrate other very different
physicochemical properties. In this article, the analysis of the possible
location of the active centers in the NGTA3-pro-DNase with two
different proteases and DNase activities was carried out for the first
time.

NGTA3-pro-DNase is a very unusual abzyme having two
alternative proteolytic (serine-like and metalloprotease) and DNase
active sites. The length of four serine-like proteases, 13 various Zn?*-
dependent metalloproteases, and described CAPNs is remarkably
or significantly greater than that of MLC. In addition, specific AAs,
which are important for catalysis of protein and DNA hydrolysis by
canonical enzymes, sequences responsible for substrate recognition,
and AA clusters chelating metal ions, are localized in different parts
throughout the length of these enzymes. Therefore, it was unexpected
that all these many structural elements corresponding to three
different combined active centers can be located in the relatively short
variable part of MLC (150-156 AAs).

In serine-like proteases, there is a specific catalytic triad - Asp-
His-Ser [37,38]. The sequence of MLC loop containing catalytic
His is homologous to those of three serine-like proteases (trypsin,
chymotrypsin, and elastase) was revealed (Figure 2A). Only one
sequence of MLC containing Asp (D) demonstrated homology
with Asp-containing sequences of canonical proteases (Figure 2B).
Only the MLC sequence containing Ser140 has high homology with
specific Ser-sequences of classic serine-like proteases (Figure 2C). The
data of a possible location of AAs, which may be responsible for the
creation of a serine-like triad (Asp-His-Ser) of MLC, are summarized
using a hypothetical model (Figure 7).

Data on the binding sites of proteins by CAPNs in the literature
are absent. In the protein sequence of MLC, there is only one 15-mer
fragment (95-VRPRDQGGNQTNCGC-109), which homologous to
sequences I responsible for the binding of proteins in the case of all
classical Zn2+-dependent metalloproteases (Figure 4).
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Only one MLC sequence containing Glu-x-Trp fragment
(KSNELWLHH) was found to be homologous to the sequences of
the active centers of thirteen MMPs. The Zn**-binding sites of MMPs
and Ca?*-chelating clusters are homologous to EGGRPPIGLPGE
sequence of MLC (Figure 5).

The data concerning the search for AAs responsible for the
serine-like activity and three types of sites important for the binding
of proteins, the recognition of metal ions, and directly catalysis are
summarized in Figure 7.

Using computer modeling, we found a good structural similarity
of MLC with the crystal structure of catalytic antibody having a
serine protease active site (Figure 8A). In addition, potential zones of
MLC interacting with the oligopeptide (Figure 8B) and dinucleotide
(Figure 8C) were revealed. The predicted residues of the binding
sites interacting with these relatively short ligands are located in the
N-terminal sequence from 12 to 91 AAs of MLC sequence. It should be
noted that in the computer simulation, oligopeptide and dinucleotide
were used as ligands of MLC. It should be assumed that such short
ligands should not form contacts with all amino acid residues, which
may be involved in the recognition by MLC of extended proteins and
nucleic acids. In addition, such an analysis can probably reveal mainly
only AAs involving in ligand recognition, but not in the catalysis of
the reactions. It is interesting that both oligopeptide and dinucleotide
are close in the complex with MLC with AA residues from 12 to 91
from N-terminus. This may indicate in favor that this zone of MLC
is, to some extent, maybe universal for the recognition of proteins
and DNA. It is known that in solution, many enzymes and proteins
have potent conformational lability and greatly change their structure
after their binding with ligands. Therefore it may be assumed that
MLC can possess similar conformational lability. In order to realize
their three enzymatic activities, MLC at the recognition stage can
use the same sequences for binding of DNA and proteins, and then
depending on the nature of the ligand, there maybe its various
specific conformational changes providing more strong interaction
and effective catalysis.
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