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PLANT B-TUBULIN PHOSPHORYLATION ON SER172 AS CANONICAL
SUPPRESSING FACTOR OF MICROTUBULE GROWTH

Aim. The estimation of potential role of plant
B-tubulin  Serl72 phosphorylation for correct
function of microtubules and cell division due to
selection of protein kinases, most probable
associated with phosphorylation of Serl72 in
Arabidopsis thaliana (L.) Heynh. Methods.
Literature and database search. Comparison of
protein sequences and structures: multiple sequence
alignment, phylogenetic profiling, protein structure
modeling, etc. Results. Comparison of Serl72 site
region from all known pB-tubulins from Homo
sapiens, Sus scrofa, Saccharomyces cerevisiae,
Drosophila melanogaster and A. thaliana confirms
its significant similarity. Joint clusterization of all
Serl72 site regions (in S+10 a.a. format) reveals
that plant site is most similar to Serl72+10
fragment of pB-tubulin from S. cerevisiae. At the
same time, sequences and catalytic domain
structures of cyclin-dependent kinases 1 and YAK1-
related kinases (MNB/DYRK1a/YAK1) associated
with Serl72 phosphorylation, found maximal
similarity in A. thaliana and S. cerevisiae.
Conclusions. The results confirm similarity of
amino acid environment of Serl72 in B-tubulin
isotypes in human, pig, fruit fly, yeast and
arabidopsis. This suggests similar effect of pB-tu-
bulin phosphorylation at Serl72 for inhibition of
microtubule assembly onto their protofilaments and
its association with CDK1 and YAKI1-related
protein kinases. Similarity of Serl72 sites and
associated protein kinases, allows us to expect
similar effect of this modification on structure of
microtubules in A. thaliana and S. cerevisiae.

Keywords:  B-tubulin, Serl72, phospho-
rylation, CDK1, DYRK1, MNB, YAK1.

Tubulin phosphorylation was reported in the
early 1970s by multiple research groups, and in
1972 phosphorylation of mammalian B-tubulin was
documented for the first time [1-3]. One of the im-
portant B-tubulin residues is Serl72, and its phos-
phorylation is necessary for correct function of both
cytoplasmic and spindle microtubules (MTs) and

cell division [4]. Serl72 of B-tubulin is located
within the S5-H5 loop, called also T5 loop [5, 6].
This site is absent in o-tubulin, occurs within the
GTP-binding domain at the interface of a B-subunit
and the o-subunit of a next heterodimer [7]. Its
phosphorylation inhibits MT polymerization, likely
a consequence of decreased GTP binding due to the
proximity to exchangeable nucleotide-binding
(GTP/GDP) site on B-tubulin [8]. Consequently,
this site not only regulates GTP/GDP binding by -
tubulin, but mediates assembly of o/p-heterodimers
into a protofilaments as a part of the plus end MT
interface [9, 10].

Caudron et al. (2010) reported mutations of
Serl72 associated with human brain disease and its
phosphorylation by the cyclin-dependent kinase
Cdk1 [4]. In vitro mammalian B-tubulin can also be
modified by phosphorylation at Serl72 residue by
the Cdk1/cyclin B complex when heterodimer tubu-
lin is formed. At the same time any Cdkl-
dependent phosphorylation of B-tubulin does not
exist [6]. Phosphorylated p-tubulin  or B-tubulin
with a mutation mimicking permanent phosphoryla-
tion at Serl72 is either poorly, or not incorporated
into MTs in vitro and in vivo. Thus, Ser172 phos-
phorylation may affect both GTP/GDP binding
and/or turnover, and the interactions between tubu-
lin heterodimers [6]. Also, mutations (S172A and
S172) of Serl172 in yeast (Saccharomyces cerevi-
siae) PB-tubulin (Tub2p) induce similar defects
in MT dynamics and cell division [4]. Both
mutants (S172A and S172E ) showed impaired
cell growth on benomyl-containing mediums and
at cold tem- peratures, altering in MT dynamics,
nucleus posi- tioning and segregation. These
findings show the importance of Serl172 for the
correct function of both cytoplasmic and spindle
MTs and for cell divi- sion in yeast cells [4].

Recently, it was demonstrated that minibrain
(MNB)/DYRK1a kinase phosphorylates Serl72
and inhibits tubulin polymerization in neurons of
Drosophila melanogaster [11]. Also, using TIRF
microscopy, they imaged purified GFP-DYRKla
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and fluorescently labeled taxol-stabilized MTs and
found that GFP-DYRKIa bound along MT lattice,
similar to Drosophila GFP-MNB. Using kinase
assay they found that GFP-DYRK1A directly
phosphorylates purified porcine p-tubulin  at
Serl72. Finally, turbidity assays revealed that the
addition of GFP-DYRKIA dramatically inhibited
tubulin polymerization in an ATP-dependent man-
ner. Together, these results indicate that the me-
chanisms of MT binding and tubulin phosphoryla-
tion of Serl72 are conserved between Drosophila
MNB and mammalian DYRKIa [11].

The purpose of this study was to compare
Serl72 sites of B-tubulin isotypes in human, fruit
fly, yeast and mouse-ear cress and based on these
data confirm or refute conservatism of this mechan-
ism among members of different kingdoms. Then
we would like make a conclusion on the functional
role of this site in higher plants and to determine
plant protein kinases most likely involved in phos-
phorylation of Ser172 in A. thaliana.

Materials and methods

Complete amino acid sequences of the p-
tubulin and protein kinases were obtained from the
UniProtKB database (Protein KnowledgeBase,
www.uniport.org) [12]. The search of homologous
sequences was performed with the SIB BLAST
Network Service and the BLASTp algorithm
(BLASTP ver. 2.2.31+) [13]. Multiple alignments
of the amino acid sequences were performed with
the ClustalX (V.2.0.10) (www.clustal.org) software
using BLOSSUM weight matrices [14]. In the case
of the comparison of small polypeptide fragments
of the phosphorylation sites, we applied direct
comparison of the sequences in ClustalX with re-
striction of gaps [14]. The “Logs” of aligned se-
quences were created with the WebLogo3 web ser-
vice [15]. Cladistic analysis of the binding sites and
phylogenetic identification of the closest homologs
were based on the clustering of amino acid se-
guences by the neighbor-joining method [16]. Vi-
sualization and analysis of dendrograms were per-
formed with the MEGA7 software package
(www.megasoftware.net) [17].

The 3D-models of protein kinases were con-
structed with the Swiss-Model web-service [18].
The structural model of plant cyclin-dependent ki-
nase 1 (CDKA1_ARATH, UniProtKB: P24100)
was constructed using RCSB ProteinDataBank
tamplate structure 6gu7 (X-Ray diffraction, 2.75 E)
of human cyclin-dependent kinase 1 [19]. The
structural model of plant Cdk 1 from S. cerevisiae

(CDK1_YEAST, UniProtKB: P00546) was also
constructed using structure 6gu7 [19]. The structur-
al model of YAKZ1-related kinase (UniProtKB:
Q8RWH3) from A.thaliana was taken from our
previous research [20]. YAK1-related kinase from
S. cerevisiae  (YAK1_YEAST, UniProtKB:
P14680) was constructed using RCSB ProteinDa-
taBank tamplate structure 5y86 (X-Ray diffraction,
1.9 E) of human dual-specificity tyrosine-regulated
kinase (DYRK) 3 [21]. Structural optimization of
built models was performed in water using AMB-
ER94 force field. Visualization and structural
alignment of reconstructed models were performed
with PyMOL v.1.5.0.5
(www.schrodinger.com/pymol).

Results and discussions

As it is known, Serl72 is positioned within
the T5 loop, a region of B-tubulin that is in close
proximity to the GTP/GDP binding site, and is part
of the plus end surface that mediates the assembly
of the heterodimers into a protofilament [9, 10].
Based on this information and sequence similarity,
we extracted fragments (S17240) of all known pB-
tubulin isotypes from H. sapiens, S. scrofa, S. cere-
visiae, D. melanogaster and A. thaliana. Despite
strict conservatism of Serl72 and significant se-
guence similarity, some intra- and interspecies dif-
ferences in the amino acid environment of this site
are evident (Fig. 1). Since the main purpose of our
research was to evaluate the potential functional
role of Serl72 phosphorylation in plants, on next
step we determined the sites that are most similar to
the last one in A. thaliana among homologous (con-
trol) sequences from H. sapiens, S. scrofa, S. cere-
visiae and D. melanogaster. For this purpose joint
clustering of above-mentioned sequences from [-
tubulin isotypes of A. thaliana and appropriate con-
trol group from human, pig, fruit fly and yeast was
performed. As it is represented on the Fig. 2, frag-
ments from A. thaliana form a separate and com-
pact group. This confirms similarity of Serl72 site
in all B-tubulins of A. thaliana. At the same time,
the group of these sequences demonstrates higher
similarity to B-tubulin fragment from S. cerevisiae,
than to the sequences from H. sapiens, S. scrofa,
and D. melanogaster.

To date, CDK1 and DYRK1A have been
shown to phosphorylate Serl72 to regulate MT
growth during the cell cycle and neuronal morpho-
genesis, respectively [6, 11, 22]. Based on litera-
ture, information from UniProtKB and sequence
homology, we identified appropriate cyclin-
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dependent kinases 1 (CDK1) and Dual specificity
YAK1-related kinases (Dyrkl/Dyrk1A/MNB/
Yakl1) from H. sapiens, S. cerevisiae, D. melano-
gaster and A. thaliana (Table). Usually clusteriza-
tion of protein kinases is based on sequence simi-
larity in their kinase domains [23]. The clustering
of the catalytic domains of selected cyclin-
dependent kinases 1 (Fig. 3a) and dual specificity
YAK1-related kinases (Fig. 3b) reveal maximum
similarity in the case of protein kinases from A. tha-
liana and S. cerevisiae (Fig. 3).

Subsequent 3D-modeling of catalytic do-
mains, and their structural alignment (after structure
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regions in B-tubulins from H. sapiens (HUMAN), S. scrofa (PIG), S. cerevisiae

optimization with AMBER94 force field), reveal
significant similarity of appropriate 3D-structures
of cyclin-dependent and YAKI1-related kinases
from A. thaliana and S. cerevisiae (Fig. 4a, b). In
the case of cyclin-dependent kinases 1 (Fig. 4a), the
index of RMS was 0.763, and in the case of dual
specificity of YAKI1-related kinases, the index of
RMS was 0.585 (Fig. 4b), this is significantly less
than the threshold value (RMS=1) and fully corres-
ponds to the results of our visual assessment. Thus,
we can assert a high similarity of compared spatial
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(YEAST), D. melanogaster (DROME) and A. thaliana (ARA TH). Resulting “Log” sum up all represented sites, ex-
cepting atypical sequence TBBP_DROME of probable B-tubulin from D. melanogaster.

Table. Cyclin-dependent kinases 1 (CDK1) and dual specificity YAK1-related kinases associated with
phosphorylation of B-tubulin on Ser172 (based on experimental data and prediction)

Species CDK1 Dyrk1A/MNB/Yak1 Source of information
H. sapiens CDK1 (P06493) Dyrk1* (Q13627) [6] (for CDK1),
[11] (for Dyrk1)
S. cerevisiae CDK1 (P00546) YAK1 (P14680) [4] indirect evidence for CDK1

and prediction for YAK1

D. melanogaster CDK1 (P23572)

MNB (P49657)

predicted (for CDK1),
[11] (for MNB)

A. thaliana CDKAL (P24100)

YAKI (Q8RWH3)

prediction

Note. * based on homology with the Dyrk1/MNB kinase from pig (S. scrofa, UniProtKB: I3L9V1).
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Fig. 2. Joint clusterization of Ser172 regions of B-tubulin isotypes from H. sapiens (HUMAN), S. scrofa (PIG),
S. cerevisiae (YE AST), D. melanogaster (DRO ME ) and A. thaliana (ARATH).
Note: On the right, the names of protein kinases, which phosphorylate compared site in accordance with
experimental data [6, 11] or bioinformatic evidences are marked.
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Fig. 3. Results of NJ-clusterization of kinase domains from cyclin-dependent kinases 1 (a) and YAK1-related ki-
nases (MNB/DYRK1A/YAK1) (b) from H. sapiens (HUMAN), S. cerevisiae (YEAST), D. melanogaster (DROME)

and A. thaliana (ARATH).

Conclusions

This study confirms conservatism and similar
function of p-tubulin phosphorylation on Ser172 in
mammals, insects, fungi, and higher plants. We
suppose that in all studied species, phosphorylation
of B-tubulin at Serl72 inhibits a/p-tubulin hetero-
dimer assembling into MT protofilaments. In addi-
tion, similarity in phosphorylation site (Ser172) and

324

in associated with it cyclin-dependent kinases 1 and
YAKI1-related kinases suggests maximum similari-
ty of such regulation in A. thaliana and S. cerevi-
siae. This allows us to consider S. cerevisiae as the
most suitable system for further genetic transforma-
tion and platform for confirmation of the role of
plant CDK1 and YAKL1 in MT assembling.

ISSN 2415-3826 (Online), ISSN 2219-3782 (Print). dakTopu ekcriepumeHTarneHoi eBorntoLii opraHiamia 2019. Tom 24



Plant B-tubulin phosphorylation on Serl72 as a canonical suppressing factor of microtubule growth

CDK1/CDKA1

RMS=0,763 RMS=0,585

Fig. 4. Results of structural comparison of kinase domains from cyclin-dependent kinases 1 (a) and dual specific-
ity YAK1-related kinases (b) from A. thaliana (green color / dark grey) and S. cerevisiae (beige color / light gray).
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DOOCOOPUJIIOBAHHSA POCJINMHHOI'O B-TYBYJIIHY 3A 3AJIMIIIKOM SER172 SIK ITPUKJIA KAHO-
HUYHOI CYNIPECCUBHOI PET'YJISILI POCTY MIKPOTPYBOUYOK

Mema. OuiHnTH TOTEHIiMHEe 3Ha4eHHA (QOchOpHIIOBaHHA pociauHHOrO [-TyOymiHy 3a 3ammmkoMm Serl72 mis
KOpPEKTHOTO (DYHKIIOHYBaHHA MIKPOTPyOOYOK i HOpMAIFHOTO MOAUTY KIITHH. Bigibpartu pocnuHHI npoTeiHKiHA3M, 0
HaWOIIBIT ¥MOBipHO moB's3aHi 3 dochopumoBanusm Serl72 y Arabidopsis thaliana (L.) Heynh. Memoou. Awanis
JiTeparypH i momryk B 0a3ax maHux. bioiHpopMaTHyHE MOPiBHAHHS ITOCTIJOBHOCTEH OUIKIB Ta iX CTpYKTYp. MHOXHUHHI
BUPIBHIOBAHHS MMOCIIZOBHOCTEH, (ioreHeTnyHe npodiTroBaHHS, MOJCIIIOBAHHS CTPYKTYpH Olika Toiio. Pezyrsmamu.
BioindopmarnuHe NOpPiBHAHHS AJISHKE caiity Serl72 3 ycix Bizomux i3otumis B-TyOyminy 3 Homo sapiens, Sus scrofa,
Saccharomyces cerevisiae, Drosophila melanogaster ta A. thaliana miareepamno ix 3HauHy mnomiOHicTh. CrmijbHA
KiacTepu3auis ycix ainsiHok Serl72 (y ¢dopmari S£10 a.a.) Bu3Haumina HailOLIbIly MOAIOHICTE POCIUHHOTO CAWTy /0
Serl72+10 ¢parmenra B-tyOyminy 3 S. cerevisiae. BomHodac, MOCTIOBHOCTI Ta CTPYKTYpH KaTaJiTHYHUX JOMEHIB
Cyclin-dependent kinases 1 i YAKI-related kinases (MNB / DYRK1a / YAK1), uo nos's3ani 3 $hochopuntoBanHIM
Ser172, Bu3Ha4aroTh HaibLbIIy momiOHicTh y Bumajiky A. thaliana i S. cerevisiae. Bucnosexu. Otpumani pe3ysipratu
MiATBEPAKYIOTh MOJIOHICTE aMIHOKHCIOTHOTO OTOueHHs Serl72 B i3otumax B-TyOysiHy JIIOAMHHW, CBHHI, IUIOAOBOT
MYIIKH, APLKIKIB 1 apabinorncucy. Lle cBiquuTh mpo ananoriuHe iHriOyBaHHS 30ipKH MpoTodiTaMeHTiB MiKpOTpyOOIOK
yHacninok ¢ocdoprmoBanns B-TyOyniny 3a 3amumkoMm Serl72 Tta fioro 3anexHicts Bin aktuBHocTi CDKI 1 YAKI-
noaioHKX npoteinkinas. IToniOHicTh minstHOK caifiTy Serl72 Ta acomiioBaHMX 3 HUMH IIPOTEIHKIHA3 JO3BOJISIE OUiKyBaTH
aHaNOTiuHM eekT Bix BIUMBY i€l Momudikarii Ha MikporpyOouku y A. thaliana ta S. cerevisiae.

Kmiouosi crosa: B-ty0ynin, Serl72, dochopumosanns, CDK1, DYRK1, MNB, YAKL.
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