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IN SILICO ANALYSIS OF THE
STRUCTURE OF VARIABLE DOMAINS
OF MOUSE SINGLE-CHAIN
ANTIBODIES SPECIFIC TO THE HUMAN
RECOMBINANT INTERFERON 31b

In silico analysis of the DNA encoding single-chain Fv
antibodies (ScFv) specific to the human recombinant interfer-
on B1b and o2b (rhIFN-f1b, rhIFN-02b) has been carried
out. The V-, D- and J-gene segments, the complementarity-
determining (CDR) and framework (FR) regions, n-nucleotides
as well as mutation rates which take place during the affinity
maturation of the examined sequences have been determined.
For the panel of ScFv against rhIFN-B1b isolated from an
immune combinatorial ¢cDNA library uniqueness of the
CDRH3 loop by the length and amino acid composition has
been shown. Multiple alignments with the nearest homologies
from the NCBI databases have revealed that the sequences of
ScFv obtained are new.
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Introduction. An important feature of antibodies
is the extraordinary variability of their antigen-bind-
ing sites ensuring specific and high-affinity interac-
tion with the target antigen. Due to their high bind-
ing ability antibodies are of great value as unique
molecular probes for fundamental research, as well
as in biotechnology and medicine.

Modern gene manipulation techniques enable
generation of recombinant antibody fragments —
single-chain antibodies (ScFv’s), as well as their
production in Escherichia coli cells. ScFv’s are
obtained by translating DNA sequences of immu-
noglobulin heavy-chain (Vy) and light-chain (Vp)
variable domains joined in one gene [1]. The appro-
aches to construction and selection of combinato-
rial cDNA libraries of V-genes in vitro allow isola-
tion of ScFv with desired affinity and specificity,
bypassing the stages of traditional hybridoma tech-
nology [2, 3].

The diversity of antigen-binding regions of anti-
body variable domains is defined by the structure
of the underlying encoding gene elements. The
genes of the light chain result from recombination
of one variable (V) and joining (J) gene segments.
Recombination events in the heavy chain are more
complex due to the presence of an additional D-
segment. One of the mechanisms of increasing diver-
sity is incorporation of n-nucleotides (nontem-
plated nucleotides) at the gene segment joint site
[4]. Later on, the DNA sequences of variable (V)
domains are affected by the influence of somatic
hypermutations taking place during the affinity
maturation of B-cells. The highest rate of point
mutations occurs at complementarity determining
regions (CDR), as opposed to framework regions
(FR) where the rate is relatively low.

Up to date, there have been created a number of
databases of antibody germline gene segments, as
well as software for identification of V-, D-, and J-
gene segments, n-nucleotides, CDR and FR seg-
ments, mutation rates, etc. A detailed analysis of
nucleotide and aminoacid sequences of antibody
V-domains is needed for a number of reasons. First
of all, it allows determining the degree of confor-
mational uniqueness of the antigen binding site of
the obtained antibodies, which can be achieved by
comparing their aminoacid sequences with yet
known immunoglobulin sequences. Second, while
analyzing multiple antibody variants against one
antigen (a panel of antibodies), determining V-, D-,
and J-gene segments, n-nucleotides, and mutations
rates enables evaluation of the panel’s heterogene-
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ity and proper choice of the most promising candi-
date molecules for further work. However, what
makes most sense is that determining CDR and
FR regions of antibody V-domains is an indispen-
sable prerequisite for beginning manipulations to
improve their functional characteristics, such as
decreasing immunogeneity (in case of humaniza-
tion), or DNA combinatorial mutagenesis — an in
vitro technique used to increase affinity and stabil-
ity of obtained antibodies.

The most widespread strategy for humanization
is grafting of CDR regions of an antigen-specific
monoclonal antibody with FR regions of selected
V-domains of human antibodies [5]. An example
of the practical value of the abovementioned tech-
nology is the fact that today out of 30 monoclonal
antibody-based drugs approved by FDA (Food and
Drug Administration, USA) for clinical applica-
tion over one third are humanized antibodies [6].

The core of the combinatorial mutagenesis tech-
nique lies in directed randomization of certain
regions of V-domains using a set of oligonucleotides
with degenerate codons. Randomization targets may
include CDR3 regions of Vy and V| domains [7],
all six CDRs [8], or certain aminoacids of V-
domains [9].

The indicated method is particularly valuable
while working with naive and synthetic libraries of
antibody fragments («single-pot» antibody libraries),
as combined with the phage display it allows isola-
tion of antibody molecule variants with improved
characteristics of expression in bacteria, prolonged
stability in blood stream, as well as exclusively high
affinity to the target antigen [8].

Our previous work resulted in obtaining and
characterization of a panel of mouse ScFv’s against
rhIFN-B1b. The goal of the present work was se-
quencing and in silico analysis of the primary
structure of the ScFv’s obtained.

Materials and methods. DNA sequencing was
carried out using the automatic DNA sequencer
IBI Prism 3130 (Applied Biosystems, USA). We
sequenced DNA (approx. 1000 bp) obtained by
polymerase chain reaction (PCR) using the follow-
ing primers: pCANTAB-R1 5'-d [CCATGATTA-
CGCCAAGCTTTGGAGCC]-3', pCANTAB-R2
5'-d [CGATCTAAAGTTTTGTCGTCTTTCC]-3'
and preliminary obtained recombinant phagemids
of the corresponding bacterial clones as matrices.
For sequencing, we used the following primers:
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pCANTAB 5-S3: 5'-d [GGTTCAGGCGGAGGTG-
GCTCTGG] — 3

pCANTAB 5-S4: 5'-d [CCAGAGCCACCTCCGCC-
TAACC] — 3,
pCANTAB 5-S1: 5'-d
TATTCGC] — 3,
pCANTAB 5-S6: 5'-d [GTAAATGAATTTTCTGTAT-
GAGG] - 3.

[CAACGTGAAAAAATTAT-

Sequencing results were processed and interpret-
ed with assistance of Vector NTI Advance 10 (Invi-
trogen, USA) software. The level of homology bet-
ween ScFv nucleotide sequences was determined
using ClustalW2 software (http://www.ebi.ac.uk /
Tools/clustalw2/) [10]. Identification of V-, D-, and
J-gene segments encoding ScFv specific to rhIFN-
Blb and rhIFN-o2b, was assisted by Somatic
Diversification Analysis (SoDA) software (http://
dulci.org/soda/) [11]. All gene segment names are
used in accordance with the standardization rules of
the international information system IMGT [12].
Additional n-nucleotides and mutations that oc-
curred during antibody affinity maturation were
determined by comparing the target sequences
with respective germline gene sequences of V-, D-,
and J-gene segments from the IMGT database.
CDR and FR regions were determined with the
help of SoDA software in accordance with the crite-
ria developed by IMGT. In view of this, we labeled
the indicated regions as CDR-IMGT and FR-
IMGT [13].

Search of closest homologs for the aminoacid
sequences was performed using IgBLAST software
(http://www.ncbi.nlm.nih.gov/igblast/) of the im-
munoglobulin V region sequences database of the
National Center for Biotechnology Information
(NCBI), USA. First, we looked for homologs to a
whole ScFv sequence, and then separately for vari-
able domains Vy and V.. For sequences with high-
est homology, we built multiple alignments using
Vector NTI Advance 10 software.

Results and Discussion. In previous publica-
tions, we described generation of an immune com-
binatorial cDNA library of mouse immunoglobu-
lin V-genes and isolation of a panel of single-chain
antibodies specific to rhIFN-B1b [14, 15]. For
some isolated ScFv’s such characteristics as bind-
ing specificity to native and denatured antigen,
level of production in FE. coli by secretion, stability
etc. were determined. An interesting point was that
some producers randomly selected out of more
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A dendrograme reflecting the homology between nucleotide
sequences of ScFv’s carried out using ClustalW2 software.
#1, #2, #4, #11 are ScFv’s isolated from an immune
c¢DNA library and specific to thIFN-B1b; ScFv (naive) —
ScFv’s isolated from a naive cDNA library and specific to
rhIFN-B1b; ScFv (IFNa) — ScFv’s specific to thIFN-0.2b

than 30 isolated positive clones invariably differed
between each other in the production level of the
ScFv’s (0.6 to 3.5 mg/L) and their accumulation
rate, ScFV’s sensitivity to proteolysis, ScFv’s affini-
ty (1.96 - 10* M to 1.69 - 10~ M), and ScFv’s bind-
ing specificity with native and denatured rhIFN-
BIb [15].

In many experiments dedicated to study expres-
sion of ScFv in E. coli, the influence of the primary
structure of variable domains on their production
rate has been shown. It is also known that replace-
ment of at least one aminoacid in CDR regions
may have dramatic influence on antibody affinity
and specificity [16]. The differences in production
rates in bacterial cells, as well as various antigen-
binding characteristics of some ScFv’s from the
obtained panel seem to suggest nonidentity of the
primary structure of their variable domains. To test
this suggestion we sequenced the DNA of all
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ScFv’s identified as positive in the reaction of
binding to rhIFN-B1b. Among the 12 analyzed
sequences isolated from different producers, we
revealed four DNA variants that encode ScFv with
different primary structure — #1, #2, #4, #11.
These were the sequences we selected for further
analysis.

DNA homology of ScFv’s was estimated using
ClustalW?2 software [10]. For analysis, we used the
four sequences of ScFv’s against rhIFN-B1b iso-
lated from the immune library, a sequence of ScFv
against thIFN-B1b preliminarily obtained from a
naive library [15], as well as a sequence of ScFv’s
against thIFN-o2b [17]. According to the criteri-
on of homology for their DNA, all six ScFv’s were
provisionally divided into four groups (Figure).

Mapping structurally and functionally valuable
regions within antibody variable domains is an
important task. Using SoDA software, we identi-
fied V-, D-, and J-gene segments, n-nucleotides,
as well as mutations that occurred during affinity
maturation of respective sequences in vivo [11].
Armed with this same software we identified the
boundaries and lengths of all CDR-IMGT and
FR-IMGT. The results are summarized in Table 1.

It was determined that the DNA sequences of
Vu and Vi domains of the ScFv’s from the first
group (#1, #4) were formed by germline gene seg-
ments IGHV1-26 and IGKV3-2; the sequences

Table 1
ScFv’s variable domain DNA analysis carried out using SoDA software
Number
V- V-gene Number | ofy-Dpn- | D-gene | Number | Number | J-gene |Numberoff CDRH3
Group | SCFV | 4omain segment of V- | hucleotides | segment of D- | of D-J n- | segment | J-muta- | region
mutations|(v_j for Vi) mutations|nucleotides tions length
1 1 H IGHVI-26 23 3 IGHD4-1 0 2 IGHIJ2 3 6
L IGKV3-2 5 0 IGKJ1 4 9
4 H IGHVI-26 24 3 IGHD4-1 0 4 IGHIJ1 2 6
L IGKV3-2 9 0 IGKJ1 2 9
2 2 H IGHVI-67 15 2 IGHD4-1 0 3 IGHJ4 4 6
L IGKV3-2 8 4 IGKJ5 2 9
11 H IGHVI-67 18 4 IGHD3-2 1 0 IGHIJ1 2 6
L IGKV3-2 5 4 IGKJ5 2 9
3 ScFv H IGHVIS128 10 2 IGHD2-1 1 2 IGHIJ2 4 13
(naive) L IGKVI17-121 0 2 IGKJ1 2 9
4 ScFv H IGHVI4-3 6 3 IGHD1-1 0 0 IGHJ4 4 10
(IFNa) L IGKV8-19 11 4 IGKJ1 2 9

Note. All V-, D-, and J-gene segments’ names are in accordance with the IMGT standardization rules [12].
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of the second group (#2, #11) were formed by the
segments IGHV1—67 and IGKV3-2; those of the
third group — by IGHV1S128 and IGKV17-121;
and those of the fourth group — by IGHV14—3 and
IGKV8—19, respectively. The results suggest that
all the V-gene segment of the four ScFv’s from the
panel isolated from the immune combinatorial
c¢cDNA library belong to the first and the third

IMGT subgroup, respectively [12]. The length of

CDRH3-IMGT and CDRL3-IMGT regions of
the four ScFv’s isolated from the immune library
was 6 and 9 aminoacid residues, respectively. The
CDRH3-IMGT region of ScFv isolated from the
naive library turned out to be longer and consisted
of 13 aminoacid residues (Table 1).

One of V-genes’ diversity sources are somatic
hypermutations appearing in vivo during the process-
es known as B-cell affinity maturation. Random

Table 2
Alignment of CDR-IMGT regions for Vi and Vi, of obtained ScFv’s with nearest V-domain sequences !
Group Ne of sequence CDRI1 CDR2 CDR3
Regions for Vy
1 1 GYSETGYP INPYNGGT ARF-=====--- PA--Y
4 KKK KKK KK KKK KKK K KKK mmmm Xk=-—X
AA0852802 XKKXXKKKKT XKK KKK Kk *XXYPRFITTARRYXMDx
AA0852842 XKKXXKKKKT XK KK KKK K *XXAAG---ILRLRDFDx
AA0852862 XKKXXKKKKT KKK KKKk *XXAAG---ILRLRDFDx
ABK599112 KKKKKKKT KKK KKK K **DVRG-----~- AWF Ax
2 2 GYTETDYA ISTYSGDT ARP--=-===--- BPN--Y
11 KKK KKK KX kKKK KN X KKK mmmm XA--x
AAF814172 KK KKK KK %k xxN XN x XXYYG==m==== NYF Dx
CAA749172 KKK kKX % KKKKY KKK XLLRP=-======-- FAx
CAA749232 KKK kKX % KKKKY KKK XLLRP=-======-- FAx
AAA832672 XXKKKI kW XNPSN*R* *XXGGVYY-DLYYYALDY
3 ScFv (naive) GYTFTSYR INPSNGRT ARSYYG----NFYYFDY
AAA832672 XkK KKK XU KKK KKK K *kGGVYY-DLYYXALXx
4 ScFv(IFNa) GFNIKDTF IDPANGYT ASR--=-=---- VDYAMDY
AAA165832 KKKKKKXKY kKKK KN X XR¥k======= AS X XXX
Regions for Vi,
1 1 ESVDNYGIS--F AAS QASKEVPUT
4 XKKKKKKKK ==X XXX KKGXKKKKX
AB(C553232 XKKKKKKKK= =X XXX KKKKKKKY X
LHOD_A2 KKK KKK KKK = =% * % X ok xokokk ok x
AAA390152 XKKKKKKKK ==X XXX KKKKKKK KX
S099692 XKKKKKKKK ==X XXX XKGXKIXY X
2 2 ESVDKYGIS--F AAS QASKEVPUT
11 XKKKNKKXKK ==X XXX KKKKKKK KX
P016562 XKKKNSkkk==% X% % KKK KKK KKK
AAB304602 KKKKNKKX KK ==X XXX KKKKKKK KX
CAA801072 XKKKNKKXKK ==X XXX XKKKKKKP X
P016542 KKKKNKKX KK ==X XXX KKKKKKK KX
3 ScFv (naive) TDIDDD=-===--- EGN LASDNLPLP
AAZ503752 XKKKKK===—== XXX KKKKKKKKT
4 ScFv(IFNa) ASLLNSGN@KNY WAS ANDYSYPLT
AAA387302 XKKKKKKKK KKK XXX KKKKKKK KX
Note. ! — search of closest homologs for the aminoacid sequences was performed using IgBLAST software of the

immunoglobulin V-region sequences database of the NCBI; 2 — the sequence number corresponds to the number in
GenBank; « » indicated amino acids common for CDR-IMGT regions of ScFv’s of groups 1 and 2; * indicated the same
amino acids within each ScFv group; «-» — denotes the absence of an aminoacid at this position.
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aminoacid replacements affect the antigen-binding
properties of antibodies, which results from local
changes in variable domain conformation as well
as changes in quantity/quality of functional groups
in aminoacid residues that directly contact with
antigen [8]. For V-, D-, and J-gene segments of V-
domains of the studied ScFv’s, we have determined
the respective mutation rates — the absolute quan-
tity of nucleotide substitutions deduced from juxta-
posing the sequences in question against the
sequences of the identified germline gene segments
(Table 1). It has been shown that the indicated rates
for V-gene segments of ScFv’s #1 and #4 (group 1)
is higher compared to that of ScFv #2 and #11
(group 2). The fact that the absolute mutation rate
for V-gene segments of ScFv isolated from the naive
library (ScFv (naive)) is the lowest for all analyzed
sequences was an expected result (Table 1).

Our search results for similar experimental works
suggest that a panel of ScFv’s against thIFN-B1b
has been obtained for the first time. Taking into
account this fact, as well as the methodological
novelty of the generation and selection scheme for
the respective combinatorial library of V-genes [14],
it was important to estimate the degree of unique-
ness of the antigen-binding site of the isolated
ScFv’s. It is common knowledge that the specifici-
ty of the «antigen-antibody» interaction is, first of
all, determined by the primary structure of the
CDR regions which aminoacids are responsible
for direct contact with the antigen. Exposed on the
surface of V-domains, CDR regions are spatially
accessible for interaction with the antigen and
form canonical loop-like structures. Among other
CDRs, CDRH3 is the most variable in length and
aminoacid composition, and plays a key role in
antigen recognition [16].

Using IgBLAST software of the NCBI immuno-
logic sequence database we performed a search for
closest homologs separately for the aminoacid
sequences of both V-domains and the whole
sequence of ScFv. Multiple alignment of the
obtained ScFv’s with their closest homologs from
the database revealed differences in the primary
structures of Vy and Vi in aminoacid substitutions
at certain positions (results not presented), while
the structure of CDRH3-IMGT turned out to be
absolutely unique (Table 2). Uniqueness of the pri-
mary structure of CDRH3-IMGT as well as the
absence of antibody sequences with homologous
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V-domains in the database, suggests that the anti-
gen-binding site of the four isolated ScFv is con-
formationally unique, and the sequences are novel.

Comparative analysis of the CDRH3-IMGT
regions of these ScFv’s has revealed a conservative
motif AR_P_Y with substitutions at positions 120
(F/P) and 122 (A/N). Substantial differences were
observed in CDRH1-IMGT and CDRH2-IMGT
(Table 2). It is known from published data that
only a slight part of the aminoacid residues of
CDRs contribute significantly to the free energy
(AG) of interaction with the antigen [18]. Some
publications show a key role for aminoacids located
in the central part of CDRH3, while the flanking
aminoacids mostly stabilize the formed complex
[8, 16, 19]. It is a matter of fact that single aminoacid
substitutions in the central part of CDRH3 may
dramatically affect antibody’s affinity and speci-
ficity. The aforementioned substitutions in CDR-
IMGT may explain the differences in the panel’s
ScFv’s antigen-binding properties studied in the
previous work [15]. We suppose the identified
amino acid residues are promising targets for fur-
ther ScFv’s mutagenesis.

It seemed interesting to compare the structure
of CDRH3-IMGT regions of ScFv’s specific to
antigens thIFN-B1b and rhIFN-a2b that are
structural and functional homologs. For compari-
son, we used the sequences of two highly specific
ScFv’s isolated from different independently gen-
erated immune libraries. For all six CDR-IMGT
of ScFv’s that were compared, we observed differ-
ences in the amino acid composition to the extant
of individual substitutions, while CDRLI1-IMGT
and CDRH3-IMGT also differed by the length of
the loop (Table 2, sequences #1 and ScFv (IFN)).
Taking into account the absence of crosslink bind-
ing between these ScFv’s and the respective antigens,
which we had shown before using ELISA, we may
suppose their interaction with different epitopes.

Conclusion. Within a panel of ScFv’s against
rhIFN-B1b isolated from an immune combinator-
ial cDNA library of mouse genes, we have revealed
four sequences with different primary structures.
In silico analysis has identified structurally and
functionally important regions in the variable
domains of the obtained ScFv’s. It has been shown
that the structure of the antigen-binding site of the
four isolated ScFv’s is unique, and the sequences
themselves are new.
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IN SILICO AHAJIN3 CTPYKTYPbI
BAPUABEJIbHBIX JOMEHOB
OJHOUEIMOYEYHBIX AHTUTEJI MbILIHN,
CIIELM®UYHBIX K PEKOMBUHAHTHOMY
UHTEP®EPOHY B1b YEJTOBEKA

IIpoBeneH in silico aHaIN3 CTPYKTYPbI IMOCIEA0BATE b~
nHocreit JIHK, koagupytomumx cneunduyeckue K urepde-
poHy B1b u o2b uenoseka (rhIFN-B1b, rhIFN-o2b) on-
HouenoueuHble aHTuTena (ScFv — single-chain Fv): ornpe-
neneHbl V, D v J ceTMeHTBI, TpaHUIIBI aHTUTEH-CBSI3bIBa-
tomux (CDR) u kapkacHbix (FR) yyacTKoB, n-HyKJI€OTH-
IIbI, a TakKKe BeJIMYMHA MYTAllMOHHBIX MPOLECCOB, KOTO-
pble UMeJIi MecTO TP abGUHHOM 103peBaHUU MTOCIEI0-
BaTeJIbHOCTEM in vivo. [Ins nipeacraBurteseit naHenu ScFv
nipotuB rhIFN-B1b, n3011poBaHHbBIX U3 UMMYHHOI KOM-
ouHatopHoit Oubaunorekn kJAHK V-reHos, mokazaHa
yHUKanbHOCTh yyactka CDRH3 kak mno minuHe, Tak
U 110 aMUHOKHCIIOTHOMY COCTaBy. MHOXECTBEHHOE BbI-
paBHMBaHUE C OMDKAUIIIUMU TOMOJIOTAaMU 0a3bl JaHHBIX
NCBI noka3zano, 4To noJy4yeHHbIe HAMU MOCIEI0BATEb-
HocTu ScFV SIBISIOTCST HOBBIMU.

A.l Dask, M.B. [lasrosa, I1.B. Tinvuyk

IN SILICO AHAJII3 CTPYKTYPU
BAPIABEJIbBHUX JTOMEHIB
OJHOJIAHIUIOTOBUX AHTUTII MULLI,
CINIELUU®IYHUX 10 PEKOMBIHAHTHOI'O
IHTEP®EPOHY B1b JIIOAMHU

IIpoBeneHo in silico aHani3 CTPYKTypU MOCIiTOBHOC-
teit JIHK, siki KomytoTh crienindigHi 10 peKOMOiHAHTHOTO
intepdepony Blb Ta o2b moaunu (rhIFN-B1b, rhIFN-
a2b) onHoaHLOroBi antutijaa (ScFv — single-chain Fv):
BU3HaueHo V-, D- Ta J-TeHHi CerMeHTM, MeXi aHTUTeH-
3B’sa3yBasibHUX (CDR) Ta kapkacHux (FR) ninsiHok, n-
HYKJICOTU/IM, a TaKOX BEJIUYMHY MYyTallilHUX MPOILIECiB,
110 MaJiu Miclie Mpu adiHHOMY 03piBaHHI JaHUX MOCHTi-
JIOBHOCTEN in vivo. 1151 npeacTaBHUKIB rmaHesi ScFv mpo-
1 thIFN-B1b, i301b0BaHMX 3 iMyHHOT KOMOiHATOPHOI Oi-
omiorexku KAHK V-reHiB, mokazaHo YHiKaJIbHICTb JiJISTH-
k1 CDRH3 gk 3a 10BXMHOO, TaK i 32 aMiHOKHUCJIOTHUM
cKJIamoM. MHOXWHHE BUPIBHIOBAaHHS 3 HAWOJMXKUYMMU
romostoramu 6a3u nanmx NCBI moxasano, 1o oxepxani
Hamu TtoctimoBHocTi ScCFv € HoBUMM.
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