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Abstract

In accordance with previous reports, the sequences related to phosporylated protein segments
occur in conserved variable domains of immunoglobulins including first of all certain N-terminally
located segments. Consequently, we look here for the sequences 1) composing human and mouse
proteins different from antigen receptors, 2) identical with or highly similar to nucleotide se-
quence representatives of conserved variable immunoglobulin segments and 3) identical with or
closely related to phosphorylation sites. More precisely, we searched for the corresponding actual
pairs of DNA and protein sequence segments using five-step bilingual approach employing among
others a) different types of BLAST searches, b) two in-principle-different machine-learning me-
thods predicting phosphorylated sites and c) two large databases recording existing phosphoryla-
tion sites. The approach identified seven existing phosphorylation sites and thirty-seven related
human and mouse segments achieving limits for several predictions or phylogenic parameters.
Mostly serines phosporylated with ataxia-telangiectasia-related kinase (involved in regulation of
DNA-double-strand-break repair) were indicated or predicted in this study. Hypermutation motifs,
located in effective positions of the selected sequence segments, occurred significantly less fre-
quently in transcribed than non-transcribed DNA strands suggesting thus the incidence of muta-
tion events. In addition, marked differences between the numbers and proportions of human and
mouse cancer-related sequence items were found in different steps of selection process. The
possible role of hypermutation changes within the selected segments and the observed structural
relationships are discussed here with respect to DNA damage, carcinogenesis, cancer vaccination,
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ageing and evolution. Taken together, our data represent additional and sometimes perhaps com-
plementary information to the existing databases of empirically proven phosphorylation sites or
pathogenically important spots.

Keywords

Ataxia Telangiectasia-Mutated-Protein (i.e. Kinase ATM, Whose Pathogenic Mutation Is
Responsible for Early Death of People), Complementarity Determining Region 1 (of
Immunoglobulins, i.e. CDR1 or Hypervariable Region 1), Database (of Functional
Structures), Hypermutation (i.e. Mutation of DNA Sequences Mediated by Enzymes),
Immunoglobulin (i.e. Ig or Antibody), Phosphorylation (Enzyme Mediated Modification
Concerns Here Mostly Protein Sequences)

1. Introduction

Protein kinase (PK) mediated phosporylation of proteins occurs specifically on phosporylated protein segments
(PPS), whereas down-regulation of phosphorylated sites is specifically mediated by phosphatases. PPS can
markedly influence the reactivity or interactivity of distinctly located functional sites of the same molecule or
molecular complex via allosteric effects [1]-[4]. In addition, PPS represent functionally important structural
elements of regulatory cascades and complex interconnected networks due to their presence in PK and phospha-
tases or molecules involved in triggering or modulation of the same enzymes [5]. Though the lengths of PPS
mostly do not exceed ten amino acid residues (aa), these segments are specifically recognized by different PK
even in cases of small sequence differences between PPS (cf. [6] [7]).

Comparable diversified specificity of short chains is also necessary for interactions of complementary deter-
mining (hypervariable) regions (CDR) of variable immunoglobulin domains (IgV) of immunoglobulins. In ac-
cordance with this fact, it is interesting that N-terminal parts of conserved IgV (called here PPSIg) containing
hypervariable region CDRL1 (and also related parts of certain conserved constant immunoglobulin domains) ex-
hibited sequence relationship to commercially accessible peptidic substrates or inhibitors of protein kinases (cf.
PKSI in previous papers [8]-[10]). The described sequence relationships were further supported by the result of
successful prediction of PPS within various BLAST-accessible conserved 1gV of antigenic receptors (AR). The
superior prediction scores were mostly observed in two sites of these IgV. One site was located in PPSIg (the
corresponding paper [11] contains also short recent summary of the corresponding investigation).

Due to their phylogeny, IgV domains of AR are adapted to effects of somatic sequence changes including
hypermutation [12] [13]. In addition, these domains contain at least several types of structures or candidate
structures supporting these somatic changes (cf. following paragraph). This raises the question whether at least
some of the two strands of translated NS (in fact NS denotes here nucleotide sequences of the corresponding
cDNA) closely similar to NS-representatives of (conserved) PPSIg but encoding PPS composing molecules dis-
tinct from AR can perform IgV-related somatic changes with functional consequences. To gradually answer to
this question, newly focused bilingual approach searching for PPSlg-related NS encoding peptidic PPS was
proposed. More precisely, we look here for NS 1) encoding PPS in proteins distinct from AR, 2) forming suffi-
ciently high and dense similarities when compared with representative mRNA segments highly similar to PPSIg-
related segments and 3) containing sites necessary for functionally important hypermutation.

Hypermutation mentioned above represents in fact an enzyme-mediated processes causing alteration of DNA
sequences. First of all, APOBEC family member AID (activation-induced cytidine deaminase) has been exten-
sively investigated in studies of Ig hypermutation [14]. AID exhibits a tumorigenic effect, when it is transfected
and constitutively expressed and it can be found in current somatic cells different from lymphocytes in response
to certain activating signals [15]-[18]. In accordance with its tumorigenic effect, AID hypermutates also genes
encoding proteins different from AR [19] [20]. AID-mediated hypermutation occurs selectively at sites of cer-
tain primary and secondary DNA structures [21] [22]. First of all, this concerns well-known hypermutation mo-
tifs (HM) of sequence WRCH [21] [23] and specifically distant WRCH-pairs (W-pairs) which were frequently
found in NS encoding immunoglobulins [24] [25]. In addition to this restriction of substrate specificity, initiat-
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ing selective alignment between AID and DNA is also necessary for AID activity. Hence, this event does not
occur at sites with sole HM, but only in G-loops [20], and perhaps also in the other secondary DNA structures
[22] or W-pairs proposed to trigger bi-bi-random mechanism of deamination [25]. Besides AID effects, muta-
tions mediated by other APOBEC family members were observed in various non-lymphoid tissues currently not
expressing AID. The research determined HM with the TCW sequence as an important target of APOBECI,
APOBEC3A, APOBEC3B, APOBEC3F and APOBEC3H reactions accompanying carcinogenesis [26]-[30].

In summary, the goals of this paper consisted in 1) description of structurally and functionally interesting
PPSlg-related PPS or PPSIg-related a posteriori reselected sequences predicted as PPS, 2) record of substantial
common and extreme features of these molecules and 3) statistical evaluation of their group-related interrela-
tionships. The corresponding search for topical PPSlg-related items occurred in five main steps (Figure 1).

(1) CSB1, CSB2, MSEP and their consensi as important derivatives of initial MSA record

Set of typical IgV- Clustal W-based BS and LE values related to MSA record restricted its

related protein sequences — multiple-sequence > sequence block segments CSB1, CSB2 or MSEP and

(2.1.2; Table 1) alignment (MSA; their o- and LE-related consensi (2.2.4; Table 1)
Table 1) including also unique consensus of CSB1 (consensus 1)

(i1) Selection of representative NS of AR using CSB1, CSB2 and MSEP

A

*TBLASTN based revision employed five multi-protein Iterative processing of two types TBLASTN records
sequence queries denoted as MPQI1, 2 or 3 and composed of yielded two types of non-redundant randomized sets
segments forming CSB1, CSB2 and MSEP, respectively. In of NS and two non-redundant SIMULT-sets. The
addition, consensus 1 (MPQIl) and LE-derived (MPQ2a < selected sequences of AR contained CSB1 pattern and
+MPQ3a) or a o- related (MPQ2b and MPQ3b) consensi formed superior similarities with CSB1 sequences,
composed these MPQ (2.1.3, WP2.2.4; SF3). their derivatives or consensus 1 (2.3, WP2.2.3; SF3).
*Simultaneous occurrence of sufficiently similar NS in all

TBLASTN records was required when using two revising

strategies (i.e. #W2P30NW3B62) and five MPQ (i.e. Program ALIGN cnabled determination of NS
#MPQI1 N MPQ2aNb N MPQ3aNb: WP2.2.4; SF3). ] segments finally restricted by both MPQ3 (located at

PPSIg-related sites of AR). NS were complemented by
poly-N spacer sequences to compose 150 nucleotide
long units. Non-redundant two sets of NS units then

(111) BLAST searches with MNSQI1 and MNSQ2 assembled two multi-unit-NS-queries (MNSQ), i.e
<«—| MNSQ1 and MNSQ2 (WP2.2.4).

*BLASTN:; W11; BS = 30; ER = WF19,20,22.23.24 = ERa
*two-step BLASTN; W11: BS =35 ER=W 51
*TBLASTX (#W2P30NW3B62): > 30 bits: 3 Multiple sets of NS found by MNSQ, i.e. MRNS, were
*TCA (always max BS > 25 bits; ER = ERa; see 2.1.3, 2.3, derived using previous procedures. For statistics of
WP2.3, WP5.7): searches with MNSQ see 3.3, Table 2 and Fig.3.

(1) total BS = 200, strategy 1 (cf. paths in WP2.3.3)
(i1) freq[MUSAS] = 6: BS[MUSAS] = 22 bit: rategy 2

(iii) freq[ MUSAS] = 6; BS[MUSAS] = 22 bits; strategy 1
*For statistical restrictions and ER see 2.1.3 and WP2.3.
**Removing of subset redundancy

'

*Feedback similarities and sufficient CDR1 or CSB1
overlaps enabled final positional selection of the
compared MRNS (WP2.4.1).

**Using Fuzznuc program we verified the presence
of hypermutation motifs in pre-selected MRNS
(iv) Final selection of the obtained MRNS (WRCH, TCW, HM* and W-dimers: 3.4. 4.4,
WP2.4.1). This step yielded subset of HM*-containing
MRNS denoted here as MPL.

y

*Selection of translated MRNS using program ALIGN
**Peptides encoded by MRNS (MEPP) were selected, if ¢
contained overlaps with database recorded or predicted
phosphorylated segments (2.1.1., WP2.4.1).

*Distribution of score products obtained in model MPL
subset determined reselection limit for score products
of 0.88, which among others represented the attempt to

. — . diminist e negativities (Fig.4; WP3.2).
(v) Alternatives of a posteriori MPL reselection *The results indicated egativity-associated

losses of Ser- and Thr-relate

and led to us
pecial reselection pr lure (3.3).
Reselected MPL, the corresponding PPS relationships and *Since phylogenic, hypermutation-related and other
feedback similarities were described in Table 3. Numbers of important relationships do exist, additional reselection
HM* in tr bed and non-transcribed DNA strands of [ criteria were retrospectively assessed (see WP2.4.2,
MPL were statistically compared (3.4; Fig. 3). SF3 and the third section of Table 3)

Figure 1. Short methodological description of the employed heuristic bilingual approach. Five main
procedural steps including both serial and parallel selection procedures determined here human, mouse
and FFAS-scan-derived or NITR-related MPL. *, ™ in the same box-two immediately subsequent steps
(scheme simplification); repeating ~ in the same box-parallel procedures or common comments to
these procedures; combined presence * and N-simultaneous occurrence of the selected items in records
primarily obtained with the adjacent: 1) query sequences and 2) adjustments of BLAST searches;
AR-antigen receptor(s); HM"-hypermutation motif(s) located at NS position critical with respect to
possible aa alteration; NS-nucleotide sequence(s) of the corresponding both strands of cDNA. For
CSB1, CSB2, Era, MNSQ, MPL, MRNS, MSA, MSEP and SEM see inner part of this table. For addi-
tional details or abbreviations see supplementary files SF1 (cf. WF- and WP-related references), SF2
(dictionary of abbreviations) and SF3 (supplements to Figure 1). All three supplementary files are ac-
cessible on the web page address www.papersatellitesjk.com or via email jkub@post.cz.
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About eighty percent of the predicted or existing PPSlg-related PPS found here comprised phosphorylation sites
with serine processed by Ataxia telangiectasia mutated molecule (ATM), a key regulatory kinase of the DNA
double-strand-break response [31]-[33]. All displayed PPSIg-related oligonucleotides contained HM WRCH and
TCW at positions critical with respect to aa alterations. These critically located HM mostly occurred in non-
transcribed DNA strands. The list of displayed segments contained molecules involved in carcinogenesis, cell
division or specific regulatory functions.

2. Methods
2.1 Bioinformatic Tools

Programs of BLAST family [34] including conserved domain searches [35] were mostly accessed through pub-
licly available NIH gate. Multiple-sequence alignment (MSA) was performed with Clustal W 2.1 present in the
server of European Bioinformatic Institute [36] (for older version of the MSA record displayed here, see paper
[11]). The server with FFASO3 program [37] [38] was used for scanning based on the shortest possible profile-
profile alignments enabling identification of conserved fold regions (FFAS-scan; cf. WP5.1). Hypermutation
motifs were searched in the preformed multi-segment constructs using EMBOSS program Fuzznuc present on
the web page of Pasteur Institute [25] [39]. Only PPS candidates simultaneously achieving the score 0.800 in
two different machine learning programs (neural-network-based NetPhos2.0 and support-vector-machine-related
KinasePhos2.0 [6] [7]) were selected before the final reselection (cf. Figure 1 and sections WP2.4.1-2). On the
other hand, alternative usage of databases Phospho.ELM a Phosida enabled us to find experimentally confirmed
PPS [40]-[42].

2.1.1. Typical Sequences

1) Conserved domain sequences (CDS; cf. [35]), 2) phylogenically interesting actual sequence exhibiting supe-
rior similarities with CDS (IgW of clone AAB03680; igw; Figure 2; [11] [13]) or 3) actual sequence achieving
repeating superior similarities in initial searches for MNSQ units (consensus-like sequence, i.e. cls, of heavy
chain with clonal names AF273898.1 and AAK20241.1; Figure 2) were all denoted here as typical sequences.
Besides cls, derived in addition, the typical sequences assembled initial MSA record including two important
conserved sequence blocks (CSB1 and CSB2; see Figure 2, sections 2.3 and WP2.2.2).

2.1.2. Statistical Enumerations

These enumerations were performed in accordance with the textbook of Zvarova [43]. In accordance with basic
Bayesian approximation [44], all groups of values with zero observations presented in 2 x 2 tables were in-
creased by one and then the modified odds ratio value was enumerated as OR [0]. Fisher exact probability of 2 x 2
tables was enumerated using Active web page [45]. This web page was used to statistically evaluate the validity
of 1) currently enumerated odds ratios (OR) and 2) original 2 x 2 tables determining OR'[0]. Current search
limits for long sequence similarities, i.e. 40 bits (a bit score limit for middle range BLAST similarities present in
all headings of BLAST records) and p < 0.005 (indeed 5 x 10°%; cf. [34]) restricted the validity of a) conserved
segments of initial MSA record (Figure 2; cf. BS" and E” in Section 2.2.3) and b) searches for NS representa-
tives of AR (Figure 1; sections 2.3 and WP2.4.2-4). We have to note that it holds if p < 0.05, then p <E and p =
E including E = E* (cf. a formula of Dembo [46]). Specific statistically derived bit score restrictions of searches
for short conserve-domain-related and MNSQ-derived similarities (MNSQ denotes multi-nucleotide sequence
queries; see below) of lengths comparable with subsequently searched PPS are described in Figure 1 and sec-
tion WP2.3.2.

2.1.3. Overall Scheme of Employed Procedures
For the scheme including all main procedures described in this chapter see Figure 1 and SF3.
2.2. Two Types of Consensus Sequences

We distinguish here two types of consensi (see also section WP2.2.1): 1) statistically important o-consensus
containing aa achieving the highest mean column score and 2) LE-consensus composed of aa determining length
equivalents (LE) related to individual sequence block column (SBC). Both these types of consensi were differently
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CLUSTAL 2.1 multiple sequence alignment®

Positions of SBC 123456789012345678901234567890123456789012345678901234567890 60
cd04983 (TCR_ALL) ---TQSPQSLSVQEGENVTLNCNYSTS--TFYYLFWYRQYPGQGPQFLIYIS--SN-GEE 53
cd07706 (TCR_D) - -VTQAQPDVSVQVGEEVTLNCRYETS -WINYYIFWYKQLPSGEMTFLIRQK--SI-YGN 55
cd05899 (TCR_B) --VTQSPRYLIKGRGQSVTLRCSQTSG- - ~-HDNMYWYRQDPGKGLQLLFYSNGGSL-NEE 54
cd04984 (L_K IgV) =  ------------ SPGETVTITCTGSSGNISGNYVNWYQQKPGSAPRYLIYEDSD----RP 47
cd04980 (L_L IgV) IVLTQSPATLSVSPGESATISCKASQS-VSSNYLAWYQQKPGQAPKLLIYGAST----LA 55
cd00099 (IgVv) @ —-------- LSVSEGESVTLSCTYSGS-FSSYYIFWYRQKPGKGPELLIYISSNGS-QYA 49
cd04981 (H_IgV) --LVESGPGLVKP-GQSLKLSCKASGFTFTSYGVNWVRQAPGKGLEWIGFINPGGGETYY 57
smart00406 (IgV) = ---------------- SVTLSCKFSGSTFSSYYVSWVRQPPGKGLEWLGYIGSNGS-SYY 43
AAB03680_igv (IgV) IVLTQPESVVKKP-GETVRLSCGVTGFDIDTHYITWVKQVPGKGLEWLLYHDSRPQ--EF 77
cd04982 (TCR_G) --LEQPQLSITREESKSVTISCKVSGIDFSTTYIHWYRQKPGQALERLLYVSSTSTQRKL 58
* PR SRS .

similarities and consensi® ¢

consensus IVLITOSPPSLSVOEGESVTLSCKYSGSNFSSYYIYWYRQKPGKGLEWLIYINSRSNENY S

fip 102381nnn4nnnn989999991n911n141398n99991n9937140929n15n0nnnnn

fin PPP-PP35903765PPPPPPPPPEPPD3PPP+PP5PPPP6PP -PPPPPPP3PP4p81788

F 26 O GESVTLSC--8------- YI-WYRQ-PG-G---L-Y----------

p < 0.005 ----Q------- - GESVTLSC--S------- Y- -WYRQ-PG----- L-Y----------

P < 10%-6 oo Commmmmmm o W--Q-P------ L-Y----------
common aa = emsms--o-----o----oo C--mmmmm e - W--Q-P--------------mo -

pm3 consensus =~ —------------- GESVTLSCKYSTS - FSE¥MEBWYRQKPG -~~~ -~~~ -~~~ ---~-~
experimentally supplemented sequence queries (i.e. hybrid queries and cls)*®

cdxall GESVTLSCTYSGSTFSSYYIFWYRQKPGKGPELLIYISS

igwl GESVTLSCGVSGFDIDTHYITWYRQVPGKGLEWLLYHDS

smx1 SVTLSCKFSGSTFSSYYISWYRQPPGKGLEWLGYIGS

cls (AF273898.1) GESVTLSCTVSGFSMSSYYMHWIRQKPGKGLEWIGYIDT

Positions of SBC 123456789012345678901234567890123456789012345678901234567890 120
cd04983 (TCR_ALL) K- -EKGRFSATLDKSRKSSSLHISAAQLSDSAVYFCA-------=------—-———————- 88
cd07706 (TCR_D) A--TKGRYSVNFQKAQKSISLTISALQLEDSAKYFCA---------=--------—-—-—-- 90
cd05899 (TCR_B) EGDPKDRFSASRPSLTRS-SLTIKSAEPEDSAVYLCASSLGGGADEAY - -FGPGT- - - - - 106
cd04984 (L_K IgV) SG-IPDRFSGSK- - SGNTASLTISGAQTEDEADYYCQV- - -WDSNSYV- - FGGGTKLTV- 98
cd04980 (L _L IgV) SG-TPSRFSGSG- - SGTDFTLTISRVEPEDAAVYYCQQ- - -YGTFPYT- -FGGGTKLEI- 106
cd00099 (IgV) GG-VKGRFSGTRDSSKSSFTLTISSLQPEDSAVYYCAVSLSGGTYKLY - -FGQGTRLTV- 105
cd04981 (H IgV) ADSVKGRFTITRDTSKSTVYLQLNSLTPEDTAVYYCARGLGGYGYGYFDYWGQGTLVTVS 117
smart00406 (IgV) QESYKGRFTISKDTSKNDVSLTISNLRVEDTGTYYCA----------------------- 80
AAB03680_igv (IgV) APGIEGRFTPS--VVSNTAYLEITSLSVIDTAIYYCARIYTGALAWVFDYWGNGTFVEVT 135
cd04982 (TCR_G) SGGTKNKFEARKDVGKSTSTLTIQNLEKEDSATYYCAYWESGS-SYYIKVFGSGT-- - - - 112

.o 0 * * o, 0k *
similarities and consensi® "¢

consensus AGG:KGRFSASRDTSKN{nSLTISSLQPEDSAVYYCARSLSGGTYWYYDYFGQGTALTVT
fip n0nn87997n7n3n5n24n49897554n997929999nnnnnnnnn0nn059n99n0nin
fin 1p43pppppP2p5+4plpP8PPPPPPPP2PPPPPPPrPP874357559p31ppp7pp7p2p2
F 26 ----KGRFS-8--------- LTIS----EDSA-YYCA-------------- G-GT-----
p < 0.005 ~==-K-RFS-=ccceaaa-- LTI----- ED-A-YYCA------=-======= G-GT-----
p < 10%~6  —----- RF------------ L-I------ D---YY¥C-mmmmmmm oo mm o e oo
common aa = s---------------- L-------- D---Y-C-----mmmmmmmmmmm o m e -

Figure 2. Initial multiple sequence alignment, its analysis and sequence derivatives. *The set of sequences present in
this table comprises variable domain of shark IgW sequence AAB03680 (pre-selected as representative of Ig-ancestor-
related sequences of Elasmobranchii origin [11] [13]). The included conserved Ig domains:_AL, B, G, D-TCR re-
lated domains, i.e. alpha-like, beta, gamma and delta, respectively; K_L, L_L, H-kappa or lambda light chain and
heavy chain domains, respectively. For further comments see sections 3.1 and 4.1. "Two main conserved segments of
sequence blocks (CSB1 and CSB2) are restricted here using bold characters of the corresponding consensus segments.
The positions of the MSEP block segment (related to MNSQ1, MNSQ2) are indicated by gray background. Greek al-
phabets in the consensus denote aa differences in LE-/o- related consensi determined here: a-P/S; -N/S; y-Y/E; 6-YIA;
&-lIT, SIT; n-lIA; 6-WIS, A-R/IK. As follows, CSB1 related part of MSA-record determines unique consensus (con-
sensus 1). “fin, fip-fuzzy related intervals in the ranges of negative or positive values, respectively. Numbers 1 - 9 in
fip-/fin-related rows-values denoting hierarchy of fuzzy-related intervals, which represent the degrees of SBC similari-
ties/dissimilarities (cf. Figure 3 and Section 2.2.3); n, p-negative and positive F-values described in Figure 3, respec-
tively; plus and minus present in the fin row under fip value F = 3-presence or absence of the LE-value at least 1.5 ne-
cessary for candidate CBS edge, respectively (cf. Sections 2.2.4). For significance levels of SBC see sections WP4.1.
9The consensus pm3 is described in Sections 3.1 and WP5.1. Gray, dark gray proofs of pm3 segments localize positions
corresponding specifically to CDR1 of light chains (CDR1light) or generally to all CDR1 (CDR1all), respectively.
®For details concerning the displayed structures see Sections 2.3, 3.1 and WP2.2.2.
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used in enumerations described below and performed with minicomputer Casio Algebra 2 PLUS (cf. section
WP2.1.4).

2.2.1. BLAST Derived Enumeration of LE

Each aa species present in evaluated SBC determined a non-invasive LE; value, i.e. i-th aa-related length
equivalent candidate (cf. sections WP2.1.1 and WP5.2). LE; was defined as integer or non-integer height of
artificial SBC composed only of i-th aa, provided that the probabilities of this artificial SBC and actual SBC
(evaluated with respect to the selected i-th aa) were the same [9]. In score-related BLAST-derived evaluation of
LE, we used conditioned Expect values (to include compared blank values) instead of probabilities (for details
see section WP2.1.1). This evaluation finally determined the consistent formula:

LE = MaX,_; o, LE; = Max,_; ,, {S;/ Abs(s[x, x ])}
= Max,; ,, {(C, =D —=7)/Abs(s[x.x])},

where Abs() enumerates absolute value; D is coefficient of column diversity; h is SBC height equal to the num-
ber of chains in MSA record; S; represents i-th aa related score in evaluated SBC; s[xi,xi] is score of i-th aa
identity; x; is the number of pointing column and row positions of scores in the employed substitution matrix
(PAM3O0 in our case, cf. limiting SBC heights of ten in Figure 2 and section WP2.1.1); y denotes column related

gap penalty. The following formulas further characterize the C;, D and y:
G ZZj:llohs[Xi’XjJ’ @
D =(1/2)xIn{[sgn(g)xh+(h—g)xd]/n}, 3)

» =10+ Min (DEL, INS) =10+ Min(g,h— g) =10+ h/2 - Abs(h/2 - g), (4)

)

where j denotes positions of the compared aa in SBC; A = 0.294 is BLAST constant; g is the number of gaps; d
is the number of different aa in the same column; DEL and INS are the numbers of deletions and insertions de-
duced from the number of gaps, respectively; Min selects the minimum enumerated value in agreement with
parsimony-related attempts of our approach. For explanation of s[xi , xj] see s[xi , xi] and j-values.

2.2.2. Enumeration of Numbers Determining the Degree of Fuzzy-Related Intervals (F or F-Values)
Each SBC-related F value was determined based on the fuzzy-related system (shown in Figure 3, see also
WP5.3), implicating a two-step enumeration of F value based on v value:

v =sgn(LE)xint {[ Abs(LE)+0.25]/0.5}, ()
if {Abs(v)<9}, then {F=v}, else {F=sgn(v)x9}. (6)
where int denotes an integer value of the enumerated number.

2.2.3. Restriction and Double-Sequence-Related Evaluation of the Conserved Segments of
Sequence Blocks (CSB) Proposed for IgV-Related Sequences

The presence of a sequence pattern (briefly pattern determined by SBC containing unique aa species) was re-
quired in each proposed CSB including otherwise 16 - 50 neighbor SBC and achieving LE >1.5 in both its edge
SBC. In the proposed approximating fuzzy-related approach, six rules concerned F values: 1)-3) at least 50%
and 20% or at most 30% of SBC kept F > 4, F > 6, and F < 0, respectively. Among the state-of-the-art condi-
tions, we assume that 4)-5) each list including F-values related to ten or five neighbor SBC had to contain at
least three F > 3 or at least two F > 1, respectively, and 6) at least one of the three following alternative rules
holds for the set of SBC composing evaluated CSB: mean(v;) > 3.5, mean(F;) > 3.5 or mean(LE;) > 1.75 (cf.
Figure 3 or formulas 5 and 6). The selected candidates of CSB were then proved using current BLAST statistics
[46] [47]. Hence, the values of double sequence similarity equivalents of bit score (BS") and Expect value (E*)
were enumerated, when assuming a simplified equal validity of all model chains in the evaluated reference MSA

©
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measures

i)

0 1 2 3 4 5
LE

Figure 3. Fuzzy-related system based on length equivalents (LE). Nineteen integer F-values from —9 to 9 are dis-
played here in the middle part of the graph. The following fuzzy-related description holds for the displayed posi-
tive F-values: 0—absence of similarity; 1—rampart of randomness; 2—area of “promising” noise; 3—quasi-similar
(minimum but weak column similarities); 4—similar (close to “deterministic” double sequence aa identity);
5—quasi-cohesive; 6—cohesive (corresponds to aa identity in three compared chains); 7—quasi-rigid; 8—rigid
(aa identity in four compared chains); 9—improved-rigid, i.e. maximum F-value in our single character system.
Negative F-values approximate here more than random extent of diversity/variability (cf. sections the first section
of Results and WP5.3). For MSA-record-compatible two-row entry of LE-derived fuzzy-related intervals indicat-
ing extents of SBC similarities see Figure 2.

record (more general CSB-chain-related linear combination can be also used, when employing “empirical”, i.e.
Monte Carlo-related and database comparison-derived coefficients). The topical corresponding formulas follow:

BS* ={Ax pess (S)-INK}/In2=BS, —{4/(In2xh)}x(Z,,,,yD,). @)
E" = Kx(Lxh)xN xexp{-1xps (S)}, (8)
Pesa (8) =Ynx{(Z 1 C; = ,) -0 (X [ 1:K])}. ©

where pcsp(S) is score density per single chain; K, A are BLAST constants (K = 0.11 and 1 = 0.294 in given case);
BS,, is equal to the mean bit score between consensus and chains forming CSB (in contrast to BS", mentioned
above, BS,, disregards the negative effects of column diversity, i.e. BS,, > BS"; for comparison of BS,, and BS*
see section 3.1); D, denotes the coefficient of n-th column diversity; L x h is the length of chains present in
MSA record including gaps; N is the number of SBC determining the proposed CSB; C; -is g-consensus- re-
lated sum of scores concerning n-th SBC; G)(X*[j,k]) denoted minimized gap penalty with respect to the
three considered models (cf. WP2.1.2). In case of our enumeration, we used the simplest alternative formula:

O(X"[.k])=Min_ (X, [j.k])=rx10+G, (10)

where r is the number of chains with gaps and G denotes the number of all gaps in evaluated CSB-related seg-
ment of MSA record. The evaluation of gaps is the unique procedure in which differ evaluations of block-con-
sensus and block-chain comparisons based on this section. For limits restricting valid BS* and E* see Section
2.1.2.

2.3. Generation of Two Initial Sequence Supersets Leading Separately to the Construction
of Two Different Multi-Sequence Queries (MNSQ1 or MNSQ2) Representing NS of AR

In principle, two types of non-redundant different sequence sets (initial supersets of NS items) were generated,

O,



J. Kubrycht et al.

when using two types of TBLASTN records obtained with two different sets of query sequences (QS), each as-
sociated with different taxonomical restriction of searches. The first initial superset contained superior similari-
ties with all “double conserved” sequences of CSB1 and consensus 1 (cf. Figure 1(d) in SF3), whereas the
second superset comprised only the similarities found with consensus 1, three CSB1 sequences successfully
examined in the previous paper [13] (i.e. cd00099, smart00406 and AAB03680_igv), their consensus-1-related
derivatives and cls sequence found in addition during the formation of the second superset (see Sections 2.1.1,
WP2.2.2 and Figure 2). The former and latter supersets contained sequences of Elasmobranchii or vertebrate
origin, respectively. An iterative process of species- and query-related randomization consisted in 1) maximum
number of five distinct species representatives as well as maximum overall numbers of selected items including
non-redundant sequence samples in each set separately derived with individual QS and 2) existence of unlimited
SIMULT set and hierarchy of QS-records both important for set-related rearrangement of promiscuously similar
sequences (for details see WP2.2.3 or SF3). Initial TBLASTN searches employed BLOSUM®62 matrix, whereas
the following cumulative revision steps used two substitution matrices (BLOSUM®62 and PAM30). For restric-
tion of Expect and bit score values see Section 2.1.2.

2.4. Memory Problems in Some Searches with MNSQ1 and MNSQ2

Working memory problems were observed in differently advanced customer computers, when completing too
extensive BLAST records obtained with initial steps of TCA searches and negatively Entrez-restricted two-step
BLASTN searches limited by 35 bits (BNsup35; cf. Figure 1 and WP2.3.1). Consequently, special compromis-
ing processing of the corresponding records was necessary when downloading only well accessible but less ex-
tended records of items without reports of selected sequence alignments. These procedures comprised 1) a sim-
plified total-bit-score-limited approach approximately substituting inaccessible frequencies of MUSAS (MNSQ-
unit derived similarities with almost the same subject sequence positions; Figure 1) in the case of ternary com-
bined approach (TCA) and 2) partial elimination of item names, immediately recognized as those determining
AR, during the first step of BN35sup. For additional information see Altschul [34] and sections WP2.3.1-4,
WP5.6 and WP5.7.

2.5. Final Selection and a Posteriori Reselection of the Displayed Items

Both final selection and reselection described in Figure 1 restricted non-redundant terminal list of items dis-
played in Figure 5 (for details see Sections 2.1, WP2.4.1, WP2.4.2, WP3.2 and WP3.3). Due to an unknown
extent of losses following from inefficient assessing of dynamic (allosterically or proteolytically mediated) ac-
cessibility of MPL-related peptides, final selection did not include prediction of accessibility.

3. Results
3.1. Analysis of the Initiating MSA Record and Its Segments

Occurrence of the two conserved block segments (CSB1 and CSB2) was confirmed based on Section 2.2.3,
when analyzing MSA record assembled by Clustal W 2.1 (Figure 2). CSB1 determined the same o- and LE-
consensi (consensus 1) containing pattern CX(10,13)WXXQXP. CSB1 achieved 1) F > 6 and F < 0 in 51.3%
and 12.8% SBC, respectively, 2) double sequence similarity related bit score BS” = 48.2 bits and consensus 1
related mean score BS,, = 54.9 bits and 3) significant Expect value E* = 1.441 x 10™° (for the almost equal p
value see Sections 2.1.2 or WP4.1). CSB2 was characterized by 54.5% and 18.2% of columns with F > 6 and F
< 0, respectively, and contained the pattern LX(8)DX(3)YXC. CSB2 achieved also valid values of BS” = 44.6
bits, E* = 1.461 x 10 ° and BS,, = 50.0 bits. 16 of the displayed 120 SBC (Figure 2) were classified as “at most
anti- cohesive” (AAC; F < —6; cf. Figure 3). CDR1-, CDR2- and CDR3-related block segments contained one,
four and four of sixteen AAC SBC in Figure 2, respectively. This means that CDR1 substantially differed from
CDR2 and CDR3, but not from the surrounding conservative framework regions (CDR1: positions 23 - 35, RCD
= 0.89; CDR2: positions 51 - 62, RCD = 3.86, CDR3: positions 97 - 110, RCD = 3.31, where RCD denotes ratio
between column densities of AAC occurrence determined in a) individual hypervariable and b) all accessible
segments of framework regions).

Paralogues of AR were frequently similar to N-terminal parts of CSB1-related segments of cd00099, cd07706
and ¢d04980, when using FFAS-scan (Sections 2.1.1 and WP5.1). The similarities between these three selected
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domain segments then determined the consensus pm3, which was also N-terminally located in CSB1 (Figure 2).
Since pm3-derived QS only rarely achieved the required bit score limit of 40 bits (cf. Section 2.2.3) in
TBLASTN searches, we do not use pm3 for MNSQ generation. Nevertheless, a pm3-related segment of MSA
record was suitable as an important fold- and sequence-related conserved block segment restricting the exten-
sion of PPSIg to C-terminus (cf. section WP5.5 and PPSIg enveloping segments of MSA record, i.e. MSEP de-
scribed in Figure 2).

3.2. Selection of MNSQ1 and MNSQ2

Initial selection of sequence items restricted 121 and 169 items forming starting supersets of MNSQ1 (sequences
of Elasmobranchii origin) and MNSQ?2 (various vertebrate sequences), respectively. Subsequently, 41 and 108
sequence items were passed through reselection with MPQ and anti-redundant procedures assembling finally
MNSQ1 and MNSQ?2, respectively. Although the Ig items had not any preference in our searches, sequences of
T-cell receptors (TCR) composed rarely MNSQ1 (two TCR sequences) and were not present in MNSQ?2.

3.3. Paths Selecting MPL

The main paths of MPL selection are described in Table 1. OR-mediated analysis of these paths revealed inter-
esting linkages within BLASTN-derived sets (Figure 4). Each employed OR represented ratios between cancer-
related-set-derived R ratio (ratio between the numbers of human and mouse items present in the corresponding
elements of Table 1) and the similarly derived Q-ratios by two species-related pairs of reference sets (BN35sup
and KPO; Figure 4). Eleven and one OR values indicated strong (OR > 2.0) and weak (1.4 < OR < 2.0) associa-
tions of cancer-related NS items with their human origin, respectively (Figure 4). These OR values appeared to
form significantly increased set of values (p < 0.05) even when skeptically considering equal distribution of OR
values (as discrete values) above and under the value OR = 2.0 as random and employing model constant distri-
bution (cf. section WP3.2) or Dirichlet statistics. In accordance with Figure 4, some of the described individual

Table 1. Most effective paths of MPL selection.

pathsts BLAST-derived NS Translated NS Selected MPL?"®
hu mu both hu mu both hu mu both
KPO1 17 28 45 10 13 23 3 3 6
KPO2 50 75 125 29 30 59 5 10 15
C1l 12 3 15 10 2 12 2 0 2
Cc2 20 15 35 12 8 20 3 1 4
BN1sup35 12 16 28 9 9 18 3 3 6
BN2sup35 33 51 84 15 26 41 3 5 8
TCALTX 5 2 7 3 1 4 3 0 3
TCA2TX 16 7 23 12 6 18 7 2 9

*Starting procedures included BLASTN searches or combined BLAST searches (cf. footnote d). NS—nucleotide sequences of the corresponding both
strands of cDNA; hu, mu, both—sequences of human, mouse and both species origin, respectively. *About half of MNSQ-related mRNA segments en-
coded peptide segments, whereas about one seventh of these MRNA segments encoded existing or predicted PPS. °All enumerated NS segments with
predicted or database-confirmed PPS relationship (denoted here as MPL) fulfilled two conditions: 1) existence of MPL-derived similarities with chains
of initial MSA record overlapping CSB1, 2) presence of at least single HM” in MPL. For details see Figure 1. “Independent paths of MPL selection dif-
fered in their initial BLAST-derived procedures. Numbers 1 and 2 in strategy names-MNSQ1 and MNSQ2 were used as query sequences, respectively;
gray and white background in left column of table elements-paths of prevailing selection of mouse or human sequences, respectively. Selections using
sole BLASTN: BN1sup35, BN2sup35-molecules different from antigen receptors achieving top similarities (limit 35 bits) in set without positive Entrez
restriction; C1, C2—cancer related Entrez restriction (limit 30 bits); KPO1, KPO2-Entrez restriction concerning proteins involved in phosphorylation
(limit 30 bits). Combined selections: TCALTX, TCA2TX-MNSQ1- and MNSQ2-query-derived TBLASTX variants of ternary combined approach
(TCA), respectively. Each of these TCA variants used a) four searches using two different Entrez restrictions in two “subpaths” composed of two cu-
mulative TBLASTX searches differently adjusted with respect to the matrices BLOSUM®62 or PAM30 and word sizes three or two, respectively, b) limit
for score maxima 25 bits, c) score limit for subject-sequence-related co-localized similarities (denoted as MUSAS) 22 bits when simultaneously requir-
ing occurrence of at least five MUSAS in addition to segment with maximum score (i.e. limit six for all MUSAS). For additional information see Figure
1, sections 2.4, WP2.3.2-4 and WP5.6-7. *Due to independent selection paths (forming non-redundant sets), some items sometimes repeat in different
sets (cf. also strategy records in Figure 5, sections WP2.3.3 and WP4.2.3).
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Figure 4. Odds ratio—(OR-) mediated linkage analyses. Achievement of the three limits (i.e. sufficient sample size of at least
40 NS items, significant difference p < 0.05 and strong association indicated by OR > 2) is recorded here by different column
fillings: black, gray—three or two limits were attained, respectively; gradient of gray—sole sufficient sample size (important
in cases of low or no associations); empty columns-other cases of OR; gray in flanks—reference R ratios compared with OR
values (see above). (a) (b) Selected results of OR-mediated analysis concern Table 1 (cf. also the corresponding abbreviations)
and are commented in section 3.3. Numbers 1 and 2 in abbreviation-NS items found with MNSQ1 and MNSQ2, respectively;
suffixes 01, 02 and 03—selection steps 1, 2 and 3 mentioned in Table 1, respectively; B, K-BNsup35 and KPO sets, respec-
tively; C1, C2—sets of cancer-related BLASTN-records containing sequences similar to MNSQ1 (part (a)) or MNSQ2 (part
(b)), respectively; R-ratios between numbers of human and mouse NS items present in C1 and C2 sets. (c) Overall (robust)
evaluation of strand-related HM" occurrences in MPL displayed in Figure 5. Strong and significant associations of HM” with
non-transcribed DNA strands were found. Wp—W-pairs. For details see Abbreviations and Section 3.4.

strong associations were also significant (p < 0.05) and/or robust (sample size s > 40 NS). Higher or more valid R
and OR values mostly formed upper MNSQ1-related graph indicating certain phylogenic context of this evalua-
tion due to exclusive Elasmobranchii origin of MNSQZ1 units (cf. section b in Figure 4). For additional comments
see Section 4.3.

Predicted phosphorylated serines (Ser) achieved scores higher than 0.990, when using both NetPhos 2.0 and
KinasePhos2.0. Similarly, NetPhos-related prediction yielded score maxima for threonine (Thr) and tyrosine
(Tyr) higher than 0.980, but scores lower than 0.950 were determined during the corresponding KinasePhos-
mediated predictions. In accordance with this difference in score maxima, only predicted phosphorylated Ser but
not Thr and Tyr were present in set of double-predicted PPS encoded by MPL. This result led us to complete
MPL set with four new MPL 1) different from originally found MPL, 2) encoding predicted Thr- and Tyr-re-
lated PPS, and 3) achieving minimum score of 0.950, when using NetPhos 2.0. For details concerning the results
of the parallel database search for experimentally confirmed MPL see the first section of Figure 5.

Another type of statistical reevaluation was performed on the subset of MPL-encoded peptides (MEP) imme-
diately containing phosphorylated aa (i.e. uniquely limited by the same score of 0.800 in the two predictions).
The constructed histogram and histogram-related distributions based on the product of the resulting two types of
scores (51 x s2) in fact approximated each result of performed double selection as unique value (Figure 6). Un-
expectedly, the obtained graphs indicated bimodal-like distribution with a dominant peak located at range of su-
perior score products. This distribution contrasted with the expected random exponential decrease assumed at
least in upper half of score product values. Even the comparison with the model constant distribution (stricter
evaluation than the assumed random exponential decrease) indicated strong and significant (p < 0.05) associa-
tion of score products with the restricted region of dominant peak. Based on these facts and considerations con-
cerning Figure 6, we explained the existence of the peak as the consequence of functionally conditioned structural
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Title of molecule? Elementary information about MPL-related NS Haa+ Contexts of SEM® Existing/predicted PPS Feedback comparison with the segments
{numbers of SCTR} and Ps® Waa® -SEM sequences and proposed related to MPL® of initial MSA record®
No -sp© Clonal names Positions -mBS HM-derived aa changes Pos NetP® KinP® Spec™” -mBS® s, 0 - Aligned STS’
-str® (NS/PS) (NS/PS) -Frs -local CD context (cdsBS, cdsE) +aa’? -Frg® m(g)*® - IgV positions?
(1) Subset comprising empirically (database) confirmed PPS and highly probable PPS (superior products of prediction scores sl x s2 > 0.95)
1 Zinc finger protein Hu NM_020832.1 1363-1388 35.6 + - TAMLMAASVARKaVV1#p#GGTATSPKMIAK 238*P - - - 14.2 9-15 <¢d04981 (H_IgV)
687 ?; S2 NP_065883.1 422-430 1 #pWn NV 23S 0.992 0.894 ATM ik 81T SNERIC
PHA03247 41.08 2.04e-03 0.827 CK1 12
2 Doublecortin -like Mu XM_006500983.1 1343-1323  30.1 + + TTKSPGPSRRSKSPaSTs*s°VNGTPGSQLS 11S*PF - - - 18.1 10-15 cd04981 (H_IgV)
kinase 1 ﬁ..»v K2 BAC41418.1 359-365 ks = TP 11s 0.994 0.970 GSK3 1 8-16 FRI1C
None 138 0.997 0.942 GSK3 ikzhe (5
0.924 ATM
16S 0.810 0.982 ATM
0.879 PLK1
3 Rps6ka4 (ribosomal Mu XM 006527231.1 1573-1605 26.3 + + AGSPPPGDPRIFQ°GYSFVaPSILFDHNNAV 16S*P - - MAPK14 25k 2 9-19 ¢d04981 (H_IgV)
PK) va TXK2 XP_006527294.1 355-366 7 - MA STKc_MSK2 N cd05614 16S - 0.965 ATM 4 8-20 FRI1C
711,31 0 0.909 MAPK 14
4 Gltscrl Mu NM _001081418.1 3610-3645 35.6 + + TQAMLNKYRLL11°Ee°SRr °VSPs °AEMVM 20S 0.998 0.958 ATM 26.5 8-20 AAB03680_igv
(tumor suppressor S2 NP_001074887.1 1168-1180 10 - IDRMFI 02926 GSK3 9 6-20 FR1C
candidate) GLTSCR1 pfaml5249 22S 0.938 0.908 ATM 14
{1,4,5,7} 143.25 4.16e-39 0.908 GSK3
5 Up-regul. in liver Hu AB056749.1 2500-2538 28.1* + + GDPSQOAPPNSEe °GLRe °pPgTSr °PSLTSG 10S 0.958 0.968 ATM abl) e 9-21 cd04981 (H IgV)
cancer 1 ﬁl»v TXC2 NP_060177.2 819-831 ibzkd = TTPSE PHA03307 0.877 PKB 2 8-22 FRI1C
40.15 3.08e-03 24S 0.994 0.969 ATM 5
6 MAGEE1l Hu NM_020932.2 517-546 26.3* + + mﬂmvmmmmﬂmdvm.HHmomoBNOMBMQOM_H_ 2SS0 991805967 ATM 119, 035 13-22 cd04981 (H_IgV)
(melanoma antigen) TXC2 NP_065983.1 80-90 (i = ISEGP PHA03247 7 12-23 FRIC
{1,4} 85.76 4.27e-17 7S
7 Tight junction Mu XM _006513708.1 1214-1193 35.6 - + @Uumrﬁnowmmkumo.u&oMMSMHMDMENEWN 10S 0.998 0.954 ATM fisps 15-21 AAB03680_igv
protein ZO-3 ﬁ: S1 XP_006513771.1 313-320 3 - None 14S 0.998 0.984 ATM 3 15-22 FRIC
18S 0.997 0.977 ATM 18
0.888 MAPK
8 MAP3K1 annmmmvu Hu XM 005248520.2 3795-3777 35.6 + + FGAAARIASKGTGa*Ge°Fq°GQLLGTIAFM 12T*PF = - MAP3K1 2000 17-22 <d04981 (H_IgV)
MEKK1 ﬁw‘»‘mv K2 Q13233.4 1401-1407 S2=7 - APE SPS1 COG0515 1 17-23 FRIC
S2 K2=9 173.39 2.35e-46 19515
9 KDR = VEFG receptor 2 Hu NM_002253.2 2343-2378 25.7* + + GNLENQTTSIGEsIEVs®c#Ta#s °GNPPPQ OSER Uo7 RO I, ATM 3055 15-26 ¢d00099 (IgV)
{154;6,7] TXK2 NP_002244.1 681-692 42* #aWl IMWFK I-set pfam07679 138 0.984 0.921 ATM 11 15-26 FRIC
83.85 7.89e-19 0.849 PKB 2055
10 Phostensin Mu XM 006536704.1 907-889 B0 AEAQKWRLSPGETPEe°S1°RLAGSGDDSPK  13T*PF = = = alelis) 19-23 AAB03680_igv
(phosphatase) K1 XP_006525157.1 241-247 20 RK 13N OS97.6; = = ak 18-24 FRIC+CDR1L
{1,3} None 21
11 Coiled-coil domain Hu XM 006718519.1 1782-1808 35.6 + + U@DPMUSMUDMNommlem<m.Ho_wmhum§O_~bm 145 0.996 0.986 ATM GRS 18-25 AAB03680_igv
containing 88B T: S1 XP_006718582.1 578-587 = S 05877 PLK1 ik 17-26 FR1C+CDR1L
SMC_prok B TIGR02168 21'S* 04990 410/,925 ATM alal 57 13-17 <cd04980 (L_L IgV)
68.54 1.03e-11 1 10-19 FRIC
295
12 Mia3 (melanoma Mu NM_177389.3 AT aL=l A 25.2% ¢ - GVAPLLGNNKPDAskDSTEVPDGSVSGPKA 14S 0.958 0.957 ATM 10.8 22-26 ¢d00099 (IgV)
inhibitory) AHW TNXC2 NP_796363.2 561-591 16* - None 0.881 PLK1 18 21-27 FR1C+CDR1L
178 0.994 0.970 ATM 24
13 Rps6kcl (ribosomal Mu XM _006497177.1 671-701 30.1 + + VGAVASDSEPSr°ve°d°RESRSLFPSSLKP 11S- 0/.995-0.975 ATM 15.1 24-27 cd04981 (H_IgV)
Kinase) {1,4} K1 NP_848890.3 214-224 i = RLG 18S 0.951 0.959 ATM 7 - CDR1L
None 2555
14 Limk2 (kinase) ?.v Mu XM 006514552.1 365-347 Slelodl =k TLDTKENQEGTLRr °Rs °1 °RRSNSISKSPG 208 0.991 0.907 ATM 10.4 24-30 cd04980(L_L IgV)
K2 XP _006514615.1 93-99 ik = PSS 2285*PF = = = 1. 24-31 CDR1L
None 228 0.979 0.945 Aur 27
0.891 GSK3

(a)
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Title of molecule? Elementary information about MPL Haa+ Contexts of SEM™ Existing/predicted PPS Feedback comparison with the segments of
{numbers of SCTR} related NS and PS® Waa® -SEM sequences and proposed related to MPL® initial MSA record*
No -sp°  Clonal names Positions -mBS HM-derived aa changes Pos NetP® KinP® Spec™” -mBS® 4,0 - Aligned STS’
-str® (NS/PS) (NS/PS) -Frs -local CD context (cdsBS, cdsE) +aat? -FrsP m(s)? - IgV positions’
15 Translation factor Hu AK312011.1 30-56 35.6 + = Smﬂﬂtm#mluo*MD_HmmwbHuPH 6S 0.944 0.982 ATM 9.5 24-31 smart00406 (IgV)
BP (EIF4EBP1) ?.l: S1 BAG34949.1 1-8 1 #aRW eIF_4EBP pfam05456 139.40 3.42e- 85*P - - ATM cdrl 23-34 CDRls
N-term #aWn 43 2085
(ii) Other items with product of prediction scores higher than empirically derived limit 0.88 (in fact 0.95 2 sl x s2 > 0.88)
16 Kalirin, RhoGEF Hu XM 006713814.1 6938-6909 26.3* + - KERSTAVMRSQpaRLPQaSPRPYSSVPAGSE 19S 0.986 0.961 ATM 2152 7-15 <d04981 (H_IgV)
kinase *Hv TXK2 XP_006713877.1 2224-2234 g% - None 2 6-17 FR1C
1kl
17 Poly (ADP-ribose) Mu NM_001145978.2 5534-5559 S o mHm.H_mlm.Omm.ubm_nnwomom.eomME\@SbmH_m_b 198 0.927 0.974 ATM 21.0 8-16 AAB03680_igv
polymerase (Parp4) *Hv S2 NP_001139450.2 1807-1816 il o L 0.839 MAPK 2 (=AY FRIIE
None 12
18 Tripartite motif Mu XM _006508379.1 965-989 37 AR ELHRLKEEKEEVVKRLGe ° s ° ENELVOOROW 19S5 0.970 0.946 ATM 24.0 9-17 AAB03680_igv
-containing protein S2 XP_006508442.1 U2 =220 3 = VR SMC prok B TIGR02168 0.888 CK2 2 9-18 FRIC
30A-like {1} 43.12 7.58e-05 13
19 Rabll-BP 1B Hu AY280969.1 717-742 3EE6R Rt GAVSPVGELAAGGA®r °d°LESq°AGSLVES 23S 0.976 0.969 ATM 12,55, 10-17 AAB03680_igv
(membrane recycling) S2 ANQ18787.1 76-84 = KARD 0.943 Aur 1 9-18 FRIC
{1,4} None 13.5
20 A-kinase anchor Mu NM_009650.2 547-562 S0 SN LEKSTAGFODSRFKpGESSFVEEVAYPVDQ 195 0.934 0.989 ATM 15 b; 12-16 AAB03680_igv
protein 3 {1} K2 EDK99845.1 61-66 il = AKAP 110 smart00807 i 11-17 FRIC
1461.78 0 14
21 MAGEAl (melanoma Hu AK314979.1 415-319 33.7 + + PTAGSTDPPQSPq°GaSAFPTTINFTRQROP 11S 0.980 0.969 ATM 14.6 12-18 <¢d04981 (H_IgV)
antigen) {1} ) NP_004979.3 58-65 5 = MAGE N pfaml2440 3 11-19 FRIC
92.25 1.90e-23 15
22 Potassium voltage- Mu NM_133207.2 3250-3272 37.4 - PEECSPSGLQRAaWGVs ° e ° TESDLTYGEVE 17S 0.966 0.939 ATM 125 12-19 cd04981 (H_IgV)
gated channel, Kcnh7 S2 NP_573470.2 1014-1021 1 ++ Q 0.934 CK2 1 10-20 FR1C
{1} None 1555
23 MAGEB4 (melanoma Hu NM_002367.3 413-435 27.3* + 4+ POREPPTTSAAAa*Ms ° cTGSDKGDESQDEE 19S 0.980 0.952 ATM 15.9 21-24 <d04984 (LK_IgV)
antigen) ﬁul: TNXC2 NP_002358.1 62-91 28*% - N i 18-25 FRI1C+CDR1L
MAGE N pfam12440 ileish] 31-37 smart00406 (IgV)
101.50 1.19e-26 2 30-37 CDRla+FR2N
22N5
24 Flt4 (receptor Mu NM_008029.3 1411-1438 33.7 + - SSPSIYSRHSRQTLTcTAYGVPQPLSVQWH 10S° 0.989 0.917 ATM alislat 19-26 <¢d00099 (IgV)
tyrosine Wu..bmwvaHw K2 NP_032055.1 440-449 2 - None (near smart00410) 3 17-26 FR1C+CDR1L
2215
25 Titin AH.».mw Hu NM_133432.3 67246-214 39.2 + + DRVSITTTKDRtTLTvKDsMr ° GDSGRYFLT 19S 0.968 0.914 ATM LT, 18-27 AAB03680_igv
S1 NP _597676.3 22330-341 al LE Ig Titin like cd05748 0812 PKC 6 17-27 FR1C+CDR1L
85.71 3.50e-18 2255
26 Zinc finger protein Mu NM_001004139.2 607-578 35.6 + + SSEVIDTEENPs °e° cKPGgTt#1#SPFNYPP 12 0.928 0.910 ATM L7 .2 21-29 cd04981 (H_IgV)
619 T: S2 NP_001004139.2 161-171 1 #pWl FCS 6 20-31 FRI1C+CDR1L
#pWo None 25
27 Tyrosine kinase Ptk7 Mu XM 006524924.1 501-516 2al e o THTVSSRERNLTLRPaSPEHSGLYSCCAHN 17S 0.998 0.900 ATM 98NS 24-27 cd04980(L_L IgV)
Au‘mv K1 XP_006524987.1 165-170 il - s Ig2_PTK7 cd05760 0.858 PLK1 cdrl 22-27 CDR1L
167.78 1.6le-48 2505
28 Inositol Mu BC141263.1 386-358 SORT L SRGHLGLVANPLKENLEpFQVSPESRAVALW 228 0.963 0.938 ATM 252 22-30 cd04981 (H_IgV)
hexaphosphate K2 AAT41264.1 67-97 = None 5 21-30 FR1C+CDR1L
kinase 3 {1} 26
29 HIPK2 :ﬁ.ﬁmmmvf.v Mu XM _006505605.1 2915-2939 S MORN= QTIVIPDTPSPTVSVITIsSDTDEEEEQKHA 20S 0.961 0.982 ATM kLl 24-30 cd04981 (H_IgV)
K2 XP_006505668.1 856-864 4 - None 0.941 CK2 1L 23=31 CDRIT*
27,
30 HIPK2 (kinase) {1} Hu XM _006715936.1 2837-2863 31.9 + - QOTIVIPDTPSPTVSVITIsSDTDEEEEQKHA 20S 0.961 0.982 ATM 12.0 24-31 cd04981 (H_IgV)
K12 XP_006715999.1 856-864 Kl=2 - None 0.941 CK2 il 22-31 CDRls*
K2=1 2755

(b)
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Title of molecule® Elementary information about MPL-related Haa+ Contexts of SEM® Existing/predicted PPS Feedback comparison with the segments
{numbers of SCTR} NS and PS® Waa® -SEM sequences and proposed related to MPL® of initial MSA record*
No -sp® Clonal names Positions -mBS HM-derived aa changes Pos NetP’ KinP* Spec™® -mBS® {5, (0) - Aligned STS’
-str’® (NS/PS) (NS/PS) -FrS -local CD context (cdsBS, cdsE) +aa? S m(s)? - IgV positions’
31 vav 1 oncogene T: Mu NM 001163816.1 1279-1258 31.9 + + DNETLROITNFQ1SIe°NLDOSLANYGRPKT 14S 0.995 0.918 ATM - 25-31 AAB03680_igv
K2 NP_001157288.1 387-394 i - PH Vav cd01223 cdrl 25-32 CDRls
199.01 1.07e-59 28
32 Slowmo homolog 2 AHW Mu XM _006500002.1 658-698 39.2 = N_HS.._H_DEHED<Mﬁm&mI#<meEMHH 16S. 101907 0,937 ATM {388 25-35 consensus
Ss1 XP_006500065.1 11.0=123 2 #aRW SSNAS PRELI pfam04707 198 0.961 0.945 ATM 3 23-36 CDR1s
#alWn 203.71 6.55e-67 0.877 Aur 30
33 FBOlA (rhabdomyo- Hu BT007455.1 1083-1065 30.1 + + VHSMVYPPSAAKMa ° s#T1#PSLSEISNPENM T 9SER0r92 7 MN0 9817 ATM 16.4 36-39 RAAB03680_igv
sarcoma) r; c2 Q12778.2 355-=361! 1 #pWl EN 0.906 Aur ak 35-41 FR2N
None 31715
34 Aiml (melanoma) {1} Mu XM_006512499.1 3895-3875 30.1 - +  SVDADFLGLFKASRYd°PGHSFSGMSLSDSMT 13S 0.985 0.929 ATM 20882 36-40 <d04981 (H_IgV)
@2 XP_006512562.1 123771124 3 L= None 2. 34-40 FR2N
38
35 Tyrosine phosphatase Hu XM _006716076.1 2140-2164 30.1 + + ESLLTSFKLDTGa*e°d°®s®s°gSSPATSAIP 16S 0.911 0.987 ATM 20.3 36-41 cd04981(H_IgV)
PTPRZ1 ﬁw‘»v K2 XP_006716139.1 582-590 1 - FISE 178 0.896 0.984 ATM 2 34-42 FR2N
None 0.866 PLK1 BB5
2088029570975 ATM
0.803 Aur
36 Phosphatase Phlppl Mu NM_133821.3 4388-4412 31.9 + - VNMVIKDRPSDGLGVpPSSSSGMASEISSEL 11S 0.994 0.931 ATM 2380 36-41 smart00406 (IgV)
T_.v K2 NP_598582.3 1418-1426 o= None 0.909 PKB # 33-42 FR2N
20S 0.828 0.938 ATM 385
0.889 Aur
37 TRAF2 and NCK Hu NM _001161566.1 394-374 25.4% - .+ MASDSPARSLDe°Id°1°SALRDPAGIFELVE 95 0.993 0.932 ATM 18.6 36-42 RAB03680_igv
interacting kinase TXK12 XP 003831981.1 10-17 18% - L STKc_MAP4K4 6 N cd06636 3 36-42 FR2N
{1} (N-ter) 601.23 0 39
(iii) Items passed through terminal reselection via other requirements than the limit of score products (cf. Figure 1 and Figure 1B in SF3)
38 Pnliprpl Mu NM_018874.2 1502-1528 35.6 + + VOKGEERTEHNFcSe°e°TVr °EDILLTLLPC 17T 0.986 = = 1k 8-16 ARB03680_igv
(lipase related) :LL Ss2 NP_061362.1 449-458 1 - K 1t 7-16 FRIC
PLAT PL cd01759 188.73 5.74e-58 12
39 BOC (cell adhesion) Hu XM _005247893.1 408-464 34.d4% 4 - ADLNEVPQVTVQpPASTVQKpGgTVILgCVVEP 158 0.808 0.889 ATM 54.9 5-22 AAB03680_igv
ANL‘FQV TXK12 XP _005247948.1 40-59 34RENC PRMNVTWR IgSF 111960 9 4-24 FRI1C
DXK2 48.93 4.37e-07 1305
40 ret proto-oncogene *m‘mw Hu X12949.1 1480-1497 33.7 + - EGSYVAEEAGCPLSCa*VSKRRLECEECGGL 18S 0.975 0.856 ATM 12,0 21-25 <d04982(TCR_G)
C12 NP_066124.1 517-522" " KI1€1l - None 1 19-25 FRI1C+CDR1L
K12 =8 23]
TNC12
41 CSODD006YL02, cDNA Hu BX161420.1 1490-1528 28.8* + + PPAREQLNLRESATITCLVTGFs ° PADVEVOW 128 0.896 0.909 ATM aLErs L) 16-30 ¢d00099 (IgV)
AﬁmﬁﬁomemﬂOEm:mv TXC2 CAD61894.1 267-279 25*% - MO IgC_CH4 cd05768 23S 0.900 0.896 ATM 8 16-30 FRIC+CDR1L
194.51 3.18e-61 23
42 Alk (anaplastic lymphoma Mu NM_007439.2 1490-1443 27.6* + + m_Um,mvombm&mmvH.r#z.maz.momSmSNEMMMM 285 0.937 0.893 ATM 2008 20-32 cd04981 (H_IgV)
kinase) fL TXC2 NP_031465.2 282-301 9* 4#pWl ASRMNLLDGP MAM cd06263 0.812 GSK3 6 20-35 FR1C+CDR1ls
79.73 1.28e-16 26
43 Adenylate cyclase 1 Mu NM_009622.1 2733-2763 35.6 + + SQVGVMFASIPNFNA°FYIe°1DGNNMGVECL TTYRRORO55 > = 16.4 28-36 smart00406 (IgV)
(Adeyl) {3} S2 NP_033752.1 874-884 2 R  Guanylate cyc pfam00211 1 37-37 CDR1s+FR2N
254.86 3.90e-78 32
44 Copbl (coatomer Mu NM_033370.3 2.323=-2293) 39.2 + + ASKLNKVTQLTgFSDPVYa*e° AYVHVNQYDT 18Y 0.978 = = 28.3 33-41 <d04982 (TCR_G)
complex) {3,4,7)} S2 NP_203534.1 720-730 i = V  Coatomer beta C pfam07718 9 31-42 CDRla+FR2N
243.66 4.37e-75 37
(iv) compared NITR molecules
45 NITR10 (related to Mm KJ575090.1 4-45 25.9*% 4+ ¢+ VKpGd°NFT1° tCPVs°GDESGLFYWYK 14S 0.911 0.897 ATM 29.9 12-26 AAB03680_igv
AR) Tfm‘.: TX1 AIA56875.1 2-15 13% = IG like smart00410 0.822 CK2 8 12-26 FRIC+CDR1L
(N-term) 66.37 1.36e-14 19

©
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Figure 5. Existing and predicted antibody-like phosphorylation sites. ®The MPL subsets (subdivided according to types of
reselection) were arranged in the separate table segments according to the mean positions of their feedback similarities (m(S))
between MPL and initial MSA record displayed in Figure 2 (cf. footnote i and Figure 1). BOC—brother of CDON, cell ad-
hesion associated molecule, oncogene regulated; BP-binding protein; Copbl-coatomer protein complex, subunit beta 1;
EIF4EBP1—Eukaryotic translation initiation factor 4E binding protein 1; Pnliprpl-pancreatic lipase related protein 1; re-
gul.-regulated; Rps6kad—ribosomal protein S6 kinase, polypeptide 4; Rps6kcl—ribosomal protein S6 kinase, polypeptide 1;
SCTR—successful criteria of terminal reselection (for encoding numbers see fifth part of Figure 1(b) in SF3); VEGF—
vascular endothelial growth factor. °FrS—frequencies of limited co-localizing similarities (i.e. MUSAS mentioned in Sec-
tions 2.4, WP2.3.3-4 and WP5.7); mBS—maximum bit score of the selected BLAST similarities; NS-nucleotide sequence;
PS-protein sequence; “-minimum of two alternative score maxima or MUSAS numbers was recorded in cases of two
co-evaluated searches. °sp-species origin (current items: Hu—human, Mu—Mus musculus; reference NITR-related item:
Mm-Miichthys miiuy); str-strategies yielding topical MRNS (sections WP5.6 and WP5.7). Capitals and numbers in abbrevia-
tions of Entrez restriction (section WP2.3.1): C, K-cancer- and phosphorylation-related special BLASTN searches; DX—double
combined approaches comprising pairs of differently adjusted TBLASTX searches, only if they yield co-localizing similari-
ties limited by 30 or 35 bits; S—global BLASTN searches limited by 35 bits; T—ternary combined approach (TCA, limit 25
bits); X, NX, N after T-TCA accompanying pairs of BLAST searches (selecting repeatedly co-localizing similarities; cf.
WP2.3.3), i.e.: 1) two differently adjusted TBLASTX; 2) BLASTN and TBLASTX and 3) two BLASTN differently em-
ploying two MNSQ, respectively; 1, 2, 12—items selected by MNSQ1 or MNSQ2 and both MNSQ, respectively. Haa +
Waa-occurrence of effectively located hypermutation motifs (HM") including W-pairs (for details see sections 3.4 and 4.4).
Upper rows: left/right evaluation using plus or minus-WRCH/TCW are present or are not present at the critical positions, re-
spectively. Bottom rows: #aWi, #pWi-W-pairs located at DNA strands anti-parallel or parallel with respect to the direction
of transcription, respectively (i denotes the number of unclassified nucleotides inserted between the observed WRCH; if n
substitutes the number i, then WRCWRCH is indicated); “aRW, “pRW-palindromic W-pairs RGYWRCY includes WRCY
unit critical with respect to aa alteration in antiparallel or parallel (transcribed) DNA strands, respectively. *SEM-sequences
enveloping (and including) selected MPL encoded peptides; gray background covering edges of peptide segments-chains
extending central MRNS-encoded peptide sequences; underlined-predicted or empirically confirmed phosphorylated aa;
CD-conserved domains; cdsBS, cdsE-conserved domain similarity-related bit scores and Expects, respectively. Lower cases
(LC) in alphabets denoting peptide sequences indicate aa which could be altered during hypermutation changes via cytidines
of HM (HM™-cytidines): LC and LC with—sole HM "—cytidine form WRCH and TCW, respectively; LC with "—two
HM"-cytidines are present in two neighbor but antiparallelly located positions of palindromic WRCH; LC followed by do-
minant “—WRCH containing HM -cytidine composes W-pair (cf. Sections 3.4 and 4.4). 'pos + aa—phosphorylated aa is
denoted by a single character, which is accompanied by the number of given aa position in the displayed peptide; NetP,
KinP-scores obtained by NetPhos2.0 and KinasePhos2.0, respectively (maximum is equal to unity); spec—specificity of ki-
nase—mediated phosphorylation (identified by KinasePhos2.0). 9Seven experimentally proved PPS exhibited overlaps with
peptides encoded by MPL (MEP), whereas phosphorylation sites of four these PPS immediately formed MEP. In addition,
two proved PPS with phosphorylation sites located at position immediately neighboring to MEP were encoded by sequence
containing HM” occurring within MPL. The residual (seventh) confirmed PPS (with the site outside MEP) then overlapped
MEP encoded by MPL containing double-active W-pair (i.e. two HM" forming W-pair). F, P-database record of existing PPS
was found using Phosida or phospho.ELM, respectively; “—indicator of empirical confirmation recorded in given databases.
"Only nine groups of protein kinases (PK) were predicted or empirically proved to phosphorylate the displayed MEP:
Aur—Aurora-related kinase; ATM—Ataxia-telangiectasia mutated (kinase); CK1, CK2-casein kinases 1 and 2, respectively;
GSK3-Glycogen synthetase kinase-3; MAP3K-MAPK kinase kinase (=MEKK1); MAPK-mitogen activated PK; PKB-PK B;
PKC-PK C; PLK1—polo-like kinase 1, absence of abbreviation in a database-confirmed case—only phosphopeptide was
observed without knowledge about PK specificity. 'Align versions of BLAST were used in feedback comparison (see
WP2.4.1). O, S, m(S)—MSA-record-related positions of deduced sequence overlaps, feedback similarities, and mean aa po-
sition of these similarities (cf. footnote a), respectively. 'The segments of MSA record present in Figure 2 formed feedback
(BLASTX, TBLASTN or TBLASTX; cf. section WP2.4.1) similarities at defined Ig\V/-related positions of this “initial” MSA-
record (PIM): FR1C—framework region 1 including CSB1-related overlaps (PIM from 5 to 15 - 22); CDR1L—at least 50%
overlap of CDR1light (PIM: 23 - 30); CDR1a—C-terminal part of CDR1 in light chains and co-localizing CDR1 of heavy
chains (PIM: 31 - 35); CDR1s-prevailing overlaps of CDR1light but short of CDR1all (PIM: 23 - 35); FR2N—N-terminus of
framework region 2 (PIM: 36 - 42; the most conserved part of this framework region in Figure 2). “—different classification
follows from NS differences. For additional comments see Figure 2, Section WP4.2.2 and SF2.

maintenance. Based on this statistically supported explanation, we derived the limit for score products 0.88,
subsequently used in the terminal reselection. For important details see sections WP2.4.1, WP3.2, WP3.3 and
file SF3.

3.4. Final Bioinformatic Analysis of the Selected Pairs of MEP and MPL

About eighty percent of regularly restricted human and mouse MEP achieved superior score related to ATM.
Similarly to PPSIg, part of ATM-related sites, predicted here, achieved also co-dominant prediction of PPS
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Figure 6. Distribution of score products evaluating predicted phoshorylation sites encoded by MPL.
Model MPL subset of predicted sequence items was selected before overlap-, Thr-, Tyr- and data-
base-related completions of data (cf. Figure 1 and WP2.4.1). This subset included thirty-two
MPL-encoded peptide sequences containing forty predicted phosphorylation sites, which were
represented here by the products of their maximum predicted scores (s1*s2). The score maxima were
individually obtained with NetPhos 2.0 (s1) and KinPhos 2.0 (s2) in the searches equally restricted
by the limiting minimum value 0.800 (cf. Figure 5). Axes x of the displayed graphs comprise the
specific score product intervals of 0.01 extent. Upper part includes a current histogram of the
score-product-related frequencies. Frequencies of the evaluated score products look like the main
peak in the range of upper values. The corresponding significant prevalence to high score products (p
< 0.05) perhaps consisted in the existence of phylogenic pressures keeping PPS function and enabled
us to empirically assess reselection limit. In addition, we simultaneously diminished effects of possi-
ble overestimations (i.e. false negativities) frequently accompanying pre-calculated restriction of
combined selection. For other comments see Sections 2.1.2, 3.3 and WP3.2. Middle part contains
widely used gliding mean values of frequencies enumerated here based on three neighboring (inter-
val-related) frequencies present in the upper histogram. Each gliding mean value is displayed specif-
ically in the positions of central (second counted) interval yielding thus the simplest form of smoo-
thened histogram. Bottom part contains more adequate/specific form of histogram smoothening
based on linear combinations formed by central and neighbor interval related frequencies and Gaus-
sian kernel functions which enumeration takes into consideration empirical statistics of the evaluated
differences between the corresponding score pairs s1 and s2 (for details see section WP3.3).
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phosphorylated with Aurora and protein kinase B. Interestingly, MPL were not always translated in the same
reading frame or orientation as the compared IgV-related segments of initial MSA record. Five MEP formed
chains of valid conserved domain similarity with 1g domains. Four of them achieved feedback similarity with
the segment CDR1light in initial MSA record. However, feedback similarities overlapping common CDR1all
segments were found only in five cases of Ig-unrelated MEP/MPL (cf. Figure 5 and section WP4.2.2; for ex-
planation of CDRL1light and CDR1all see Figure 2). Only pairs of human and mouse orthologues of HIPK2
contained equally co-localized MPL in Figure 5.

The DNA-strand-related occurrence of well-known hypermutation motifs (HM; [21] [23] [24] [30]) was ob-
served, when selecting HM subset (HM") located at MPL sequence positions critical with respect to aa alteration.
Interestingly, the number of HM" was significantly higher (p < 0.05) in the non-transcribed DNA strands of
MPL than in transcribed ones when comparing the strand-related occurrences of HM™ with those of HM incapa-
ble to alter aa (non-HM"). The corresponding significant increase concerned also certain WRCH-related pairs
(W-pairs; OR[0] = 11.6 but an extremely low set of 22 items) determined by the patterns: RGY-WRCY,
WRCWRCH, WRCHNWRCH and WRCHN(9)WRCH (see section 4.4 and previous papers [24] [25]). For the
graphs of HM"-related OR see Figure 4. The occurrences of HM -related W-pairs in framework-associated and
CDR1-associated regions of MPL (determined by feedback comparison) also differed, determining 3.85 times
higher density of such W-pairs in CDR1-associated regions. In addition, we found three types of MPL relation-
ships interesting with respect to HM" occurrence. This concerned: 1) knocking-out alteration of predicted phos-
phorylated serine in cases of twelve human and mouse MPL and one reference MPL of bony fish origin, 2) dis-
tinct relationship of the two HM” (WRCH and TCW) to transcribed DNA strand in site encoding phosphorylated
serine following from genetic code and 3) maximum number of HM™ per single MPL (two different MPL triads
distinctly contained four times such WRCH or such TCW). For additional details and comments see Figure 5,
Sections 4.4, WP2.4.1 and WP4.2.1-3.

4. Discussion
4.1. Structures Found in Initial MSA-Record

Both sequences of patterns displayed in Figure 2 exhibit certain relationship to the published data. The first two
aa of CSB1-related pattern CX(10,13)WXXQXP include well known positional markers restricting CDRL.
Cysteine is the current C-terminal aa of FR1 composing light chains of IgV, whereas tryptophan mostly occurs
in N-terminus of FR2 in both light and heavy chains of 1gV [48] [49]. Trans-cis isomerization of C-terminal aa
of the same pattern, i.e. proline, is probably important for local flexibility of IgV [8] [50]. Another CSB2-related
pattern identified here, LX(8)DX(3)YXC, contains the sequence DX(3)YXC identical with the pattern found in
non-vertebrate molecules closely related to AR [13].

The marked differences between the occurrence of at least anti-cohesive columns in CDR1 and other two
hypervariable regions (cf. Section 3.1) indicate higher conservativeness of usually effectively hypermutating
CDRL1. If we also consider location of CDR1 in CSB1 and PKSIg [8] [9] [11] (cf. also Figure 2), the indicated
conservativeness supports as an additional fact the model importance of N-terminally located PPSIg region for
studies of antibody-like PPS.

4.2. Methodological Aspects

The bilingual approach employed here was in fact based on simultaneous evaluation of 1) occurrence of HM
motifs present in MPL composing IgV-related mMRNA or cDNAs segments (the first formal language; Figure 1),
2) existing or predicted phosphorylation of MPL encoded peptides extended by their immediately neighboring
chains (the second formal language) and 3) possible alteration of aa composing the selected PPS via HM (site
specific translation). Due to various actual reading frames of MPL, the bilingual approach determined a larger
set of MPL than would simply follow from the searches for protein sequence similarities.

To unify the selection of MRNS (cf. Figure 1), we supplemented here a simplified BLAST derived fuzzy-
system associated restriction of CSB (Section 2.2.3) consistent with ELEMS principles [9] [25]. The unified
usage of BLAST-related evaluation in the three starting main steps (cf. Figure 1) does not mean refusing the
possible prediction by means of machine-learning methods such as SVM or neural networks [51]-[55]. More
likely, we assume that some results obtained in our searches represent important starting information for future
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machine learning. This concerns among others 1) feedback similarities and 2) reevaluation similarity extents and
cooperative effects related to different elementary MNSQ units participating in or associated with MPL selec-
tion process.

4.3. Statistical and Phylogenic Contexts of Employed Search Procedures

In fact, we did not observe here NS mutations in cell clones, but only potential NS mutation. Consequently, we
considered here only inherited changes of DNA, when looking for an explanation of unexpected prevailing oc-
currence of cancer-related NS items in the human set described in section 3.3. This consideration focused our
attention first of all on 1) several events occurring in germ-line cells (GLC) or 2) parameters of these events, i.e.:
a) prevention of DNA attacks by oxygen radicals in GLC, b) extents or specificity of meiotic hypermutation
(comprising also the described changes in Ig-related HM [56]) and its possible effects on genome plasticity, c)
percentage of mutated descendants bred by old individuals d) immune surveillance on GLC. Better understand-
ing of the observed and potential relationships, including phylogenically interesting (Elasmobranchii-related)
MNSQ1 linkage (cf. Sections 2.3, 3.3 and Figure 4), needs also more detailed analysis on a larger set of PPSIg-
related molecules and MPL in future.

In accordance with our working hypothesis [13], at least some MPL displayed here (encoding most probably
ATM-phosphorylated MEP; cf. section 3.4) and PPSIg segments originate in common ancestral oligonucleotide
segments of possible increased mutability. This hypothesis appears to be in agreement with the displayed strong
and significant association of score products with superior score values (Figure 6; Sections 3.3 and WP3.2) and
existence of four molecules containing MPL/MPL-like segments most frequently (i.e. four times) selected in
terminal reselection (see the first column of Figure 5 and section WP4.3). The latter possibility concerns: 1)
NITR2 of close phylogenic relationship to AR [57] otherwise only near the limits of PPS prediction (cf. WP4.3),
2) two molecules containing MPL with Ig domain context molecules (KDR of superior PPS-related scores, on-
cogene regulated adhesion molecule BOC); 3) MPL of glioma tumor suppressor candidate region gene 1
(Gltscrl). In contrast to other molecules, Gltscrl did not achieve any conserved Ig domain similarity, the cor-
responding CDART-indicated relationship to Ig superfamily (IgSF) representatives or local PPSlg-related fold
similarity in records obtained with FFASO3 program (cf. section 3.1). To explain this anomalous sequence be-
havior of Gltscrl, we assumed participation of well-known mechanisms such as a) transposition of short repeats,
b) gene conversion and/or c) perhaps also functionally conditioned convergence of DNA segments (cf. [5]).

4.4. MPL in the Light of Hypermutation Events

Collisions of transcription apparatus (synthesizing mRNA copy of transcribed strand of DNA) with APOBEC
enzymes interacting with HM present in transcribed DNA strand (CTAE) are able to enlarge hypermutation ef-
fects of these deaminases. This occurs due to 1) extended low-fidelity repair of generated double strand breaks
with error-prone DNA polymerases and 2) accompanying insertion deletion changes [58]-[60]. In accordance
with this mechanism the observed significant differences in distributions of HM" in transcribed and non-tran-
scribed DNA strands (Section 3.4; Figure 4) can be explained by similarly selective CTAE-triggered events.
Since the comparison of DNA strands does not concern altered nucleotide sequences, inherited but not somatic
changes have to be considered, which looks like a contradiction when dealing with somatic mutation changes.
Nevertheless, HM WRCH participates also in inherited meiotic hypermutation via a similar though less frequent
mechanism than in case of Ig gene hypermutation [56]. Consequently (and in accordance with less frequent in-
cidence of meiotic-mutations), the statistics of HM" occurrence in non-altered DNA strands (see Figure 4) sug-
gests parallel somatic mutation changes via CTAE events in at least some transcribed DNA strands encoding
MEP-peptides and containing HM". In accordance with this parallelism, HM" located in their transcribed DNA
appear to be more perilous than others, indicating thus MEP of probably increased hypermutation risk in mole-
cules such as human RhoGEF kinase, MAGEE1, KDR, zinc finger protein 687, rhabdomyo-sarcoma FBO1A,
mouse anaplastic lymphoma kinase and zinc finger protein 619 and both reference AR-related NITR molecules
of bony fish origin present in Figure 5 or Table WPT2 (see section WP4.3).

In accordance with the theories of ageing, abnormal phosphorylation (or loss of phosphorylation) is assumed
as an alteration possibly important during ageing [61]. Abnormal phosphorylation can be among others caused
via mutation or hypermutation changes of PPS generating knocked-out, alternatively or weakly reacting PPS. If
we assume that such PPS changes frequently occur in different PPS phosphorylated by the same PK, then their
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change can imitate the loss or decrease of the involved PK activity. In accordance with the given assumption,
about eighty percent of MEP appear to be dominant substrates of ATM (section 3.4), which is the reason to con-
sider possible imitation of functional loss of ATM via mutation of these PPS. As well known ATM is involved
in regulation of double-strand-break response (cf. Introduction). Functional loss of mutated ATM causes auto-
somal recessive disease (ataxia-telangiectasia; AT) characterized by median survival 19 - 25 years (a wide range)
and death due to cancer and respiratory failure [62]. In addition, AT is also accompanied by neurodegeneration
and immunodeficiency or worsened immune response otherwise frequently appearing in elderly people [63].
Consequently, a substantial question arises: Can changes in sequences of PPSIg/MPL-related PPS influence
important regulatory or even ageing-related effects of ATM?

Some MPL are not translated in the same reading frame as PPSlg (cf. Section 3.4). The corresponding pep-
tides (M_out) thus can avoid cross-reactivity with Ig epitopes, which mostly contain only “in frame” insertions
and deletions [58] [64]. This raises a question of possible usage of at least some mutants of M_out as compo-
nents of future complex/multicomponent anticancer vaccines. On the other hand, it is a question whether at least
some MPL-derived peptides encoded in the same reading frame as PPSlg (M _in) or their mutants can cross-
react with rheumatoid autoantibodies. The positive answer could be among others important for protein engi-
neering improving autoantibody specificities with respect to M_in mutants.

5. Conclusions

Though the databases of empirically proved phosphorylation sites are considerably incomplete, seven MEP
contain such database-confirmed sites. The nonrandom main peak of MPL-derived products of phosphorylation-
related prediction scores then suggests the phosphorylation of at least some additional MEP (Section 3.3; Figure
6). The significantly prevailing occurrence of HM" and the corresponding W-pairs in non-transcribed DNA
strands of MPL indicates certain mutation events in the corresponding gene segments including parallel somatic
changes (Section 4.4; Figure 4). In accordance with these parallel changes, MPL segments with HM” present in
transcribed DNA strand appear to be most critical (for list see Section 4.4). The occurrence of HM" in MPL
meets also three important functional aspects. First of all, most MPL (about 80%) encode peptides identical with
or predicted as phosphorylated by ATM molecules, known for their relationship to aging and regulation of DNA
double-strand-break response (Sections 3.4 and 4.4). Secondly, cancer-related MRNS are significantly more
frequent in humans than in mice (Figure 4; Sections 3.3 and 4.3). Thirdly, feedback similarities of MPL con-
taining W-pairs co-localized mainly with (hypervariable) CDR1 segments of IgV chains forming both MNSQ
(Table 1, Figure 2 and Figure 5, Section 3.4). These three functional aspects moreover concern several existing
groups of MPL with extreme properties, e.g. 1) MPL with HM” encoding directly predicted phosphorylated
amino acid, 2) CDR1-related MPL containing superior numbers of HM" and 3) MPL/MEP pairs frequently se-
lected in the alternative steps of terminal reselection (Figure 5; Sections 4.3, 4.4 and WP4.2.1-3).

Though the actual carcinogenic effect of mutation changes in phosphorylation sites is known for a long time
[65]-[67], the set of the corresponding investigated sequences is not sufficiently large. In accordance with this
fact, we have not yet found experimental confirmation of mutation changes in the seven existing PPS segments
(displayed in Figure 5) in the literature. Consequently, these PPS, as well as the displayed predicted segments,
represent an inspiration and challenge for the subsequent experimental researches in specialized laboratories and
perhaps also subjects interested in certain bioinformatic trends (cf. [68] [69], Sections 4.2 and 4.4; see also be-
low). In our opinion, future experimental research should comprise 1) comparative sequence studies of ATM-
related MPL composing not only DNA of cancer patients (for the corresponding methods see also our papers
[70]-[72]) but also DNA of old people and 2) usage of phage displayed libraries or protein engineering in case of
the considered immunological relationships ([73]-[75] and Section 4.4). Theoretically based bioinformatic in-
vestigation of the immunological relationships could moreover efficiently select the subset of possible candi-
dates for vaccine-related promiscuous epitopes specifically recognized by cytotoxic T cells ([76]-[78] and Sec-
tion 4.4) even in case of more extended HM -related set of MEP mutants than is that displayed in Figure 5 (for
other corresponding bioinformatic aims and trends see section WP5.8). In addition to the preceding medicinal
aspects, an interesting question refers to a possible phylogenic relationship between IgV domains and certain NS
encoding peptide segments a) containing several near ATM-related PPS and b) composing for instance immu-
noglobulin-like archaeal surface layer proteins or related metazoan cell surface proteins [13] [79].
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