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Abstract
genesis in mammals. However, its role in fish spermiogenesis has not been reported. Here, we aimed to

The homodimeric kinesin-2 protein KIF17 functions in intracellular transport and spermio-

clone full-length kif717 cDNA and determine the molecular characteristics and expression patterns of KIF17
in Larimichthys polyactis spermiogenesis. The full-length cDNA of L. polyactis kifl7 (Lp-kifl7) was
sequenced and found to contain a 332-bp 5’ untranslated region, 480-bp 3’ untranslated region, and 2 433-
bp open reading frame encoding 8§10 amino acids. Bioinformatics analyses showed that L. polyactis KIF17
(Lp-KIF17) shared high sequence similarity with homologs in other animals and possessed an N-terminal
motor domain with microtubule-binding sites and adenosine triphosphate (ATP) hydrolysis sites, a stalk
domain containing two coiled-coil regions, and a C-terminal tail domain. The Lp-kif17 mRNA was widely
expressed in various tissues, with the highest level in the brain, followed by that in the testis. Fluorescence
in situ hybridization (FISH) analysis revealed that Lp-kif17 was continuously expressed in spermiogenesis,
showing that it had potential functions in this process. Using immunofluorescence (IF) analysis, we found
that Lp-KIF17 colocalized with tubulin and was transferred from the perinuclear cytoplasm to the side of
spermatid where the tail forms during spermiogenesis. These findings suggested that KIF17 is involved
in L. polyactis spermiogenesis. In particular, it may participate in nuclear shaping and tail formation by
interacting with perinuclear microtubules during spermatid reshaping. In addition to providing evidence for
the role of KIF17 in fish spermatid reshaping, this study provides important data for studies of reproductive
biology in L. polyactis.
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1 INTRODUCTION

Spermiogenesis, or the post-meiotic development
of spermatogenic cells, is a highly complex but
orderly process. During spermiogenesis, spermatid
reshaping occurs, in which round spermatids form
streamlined sperm by a series of changes, including
acrosome and tail formation, nuclear reshaping, and
the disposal of extra cytoplasm (Wong-Riley and
Besharse, 2012; Ma et al.,, 2017). Disruptions in
spermatid reshaping result in poor sperm quality and
even male infertility (Yan, 2009). Therefore, the
molecular mechanisms underlining  spermatid

reshapingare crucial forunderstanding spermiogenesis

and a focus of reproductive biology research.
Kinesins are a class of microtubule-dependent

motor proteins (Hirokawa et al., 2009) with important
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Fig.1 Spermiogenesis in L. polyactis

a. early spermatid; b. middle spermatid; c. late spermatid; d. mature sperm. N: nucleus; F: flagellum; M: mitochondria; PC: proximal centromere; DC: distal

centromere.

roles in spermatid reshaping. Kinesins are highly
conserved during evolution and transport many
different cargos along the microtubule to the
acrosome, the sperm tail, and the midpiece during
spermiogenesis (Olson and Winfrey, 1990; Lehti et
al.,2013; Ma et al., 2017). They may interact with the
manchette, a transient perinuclear microtubule
structure involved in spermatid nuclear shaping and
sperm tail formation (Kierszenbaum, 2001; Lehti and
Sironen, 2016; Ma et al., 2017).

The homodimeric KIF17, and the heterotrimeric
kinesin-II complexes, namely KIF3A/3B/KAP3 and
KIF3A/3C/KAP3, constitute the kinesin-2 family in
vertebrates  (Silverman and Leroux, 2009).
Homodimeric KIF17 is formed by the dimerization of
identical polypeptide chains, both containing a pair of
N-terminal head motor domains, a stalk domain
containing two coiled-coil regions (CC1-CC2), and a
C-terminal tail domain (Griiter et al., 1998; Miki et
al., 2005; MacAskill et al., 2009). KIF17 mainly
functions in the transport of different cargos in an
adenosine triphosphate (ATP)-dependent manner
toward the plus ends of microtubules to the tips of
dendrites, cilia, or outer segments of photoreceptor
cells (Setou et al., 2000; Chu et al., 2006; Kayadjanian
et al., 2007; Takano et al., 2007; Insinna et al., 2009).
In mice and rats, KIF17 is highly expressed in male
germ cells and is localized in the manchette and the
portion of the sperm tail implicated in spermiogenesis
(Setou et al., 2000; Kierszenbaum, 2002; Macho et
al., 2002; Chennathukuzhi et al., 2003; Kierszenbaum
and Tres, 2004; Kimmins et al., 2004). Therefore,
KIF17 probably contributes to nuclear shaping and

tail formation by interacting with the manchette in
mammals. However, the function of KIF17 in fish
spermiogenesis has not been reported.

Larimichthys polyactis, a benthopelagic fish
species in the family Sciaenidae, is an important
economic fishery resource (Zhang et al., 2016).
Therefore, studies of spermiogenesis in L. polyactis
are crucial to obtain a theoretical basis for its breeding
and culture. Kang et al. (2013) and Wang et al. (2019)
examined the ultrastructural characteristics of
spermiogenesis in L. polyactis. In early spermatid, the
nucleus is oval or round, and the mitochondria
randomly distributed in the perinuclear cytoplasm. In
middle spermatid, the nucleus is round, and the
nuclear chromatin is condensed into clumps. The
mitochondria fuse and migrate to one side of the
nucleus, where the sperm midpiece forms. At this
time, the flagellum extends from the implantation
fossa. In late spermatid, the nucleus is kidney-shaped,
the nuclear chromatin is more condensed, the residual
cytoplasm migrates gradually to the bottom of the
implantation fossa, and the flagellum extends
gradually. In mature sperm, the nuclear chromatin is
highly condensed, and mitochondria are typically
found in the sperm midpiece. Overall, L. polyactis
spermiogenesis involves nuclear reshaping, tail
formation, and the removal of excess cytoplasm
(Fig.1). These cytological changes of the spermatids
during L. polyactis spermiogenesis are similar to
those in many fish species (Zhang et al., 2017; Zhao
etal.,2017). However, it is not clear that the molecular
mechanism underlying spermatid reshaping during
spermiogenesis in L. polyactis and in other taxa.
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To investigate the functions of KIF17 in spermatid
reshaping during L. polyactis spermiogenesis, we
performed cDNA cloning and analyzed the tissue
distribution and expression of Lp-kif17, as well as the
colocalization of Lp-KIF17 and microtubules. Our
results provide evidence that Lp-KIF17 is involved in
spermatid reshaping and, in particular, may promote
nuclear reshaping and tail formation during spermiogenesis.

2 MATERIAL AND METHOD
2.1 Tissue sampling

The male L. polyactis individuals were sampled
from Zhoushan (Zhejiang, China). Seven tissues (the
testis (II-V stage), intestine, heart, brain, muscle,
liver, and kidney) were extracted and stored at -80 °C.
Experiments were approved by the Animal Ethics
Committee of Ningbo University and strictly enforced
according to the Experimental Animal Management
Law of China.

2.2 RNA extraction and reverse transcription

Total tissue RNA was extracted from each tissue
type of L. polyactis using the TRIzol Reagent
(Invitrogen, San Diego, CA, USA). Reverse
transcription for real-time quantitative PCR (qPCR)
was performed using the PrimeScript® RT Reagent
Kit (TaKaRa, Dalian, China). the synthesis of first-
strand cDNA of 5’ Rapid Amplification of cDNA
Ends (RACE) and 3" RACE were performed using
the Smart RACE cDNA Amplification Kit (Clontech,
Mountain View, CA, USA) and 3’ Full RACE
Amplification Kit (TaKaRa, Kusatsu, Japan),
respectively. All cDNAs were stored at -20 °C.

2.3 Cloning of full-length kif17 cDNA
The open reading frame (ORF) of Lp-kif17 was
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(ASM1011929v1). The specific primers (Table 1) for
5" RACE and 3’ RACE were designed base on the
ORF sequence of kif]17 cDNA. The cDNA products
were separated, and the target bands were extracted,
purified, ligated, transformed and ultimately
sequenced using GENEWIZ (Suzhou, China).

2.4 Bioinformatics analysis of KIF17

The Lp-KIF17 sequence was predicted using the
Sequence Manipulation Suite (http://www.bio-soft.
net/sms/index.html). Multiple alignments of Lp-
KIF17 amino acid sequences were generated using
Vector NTI10. A phylogenetic tree of KIF17 was
constructed by the neighbor-joining method using
MEGA 5.0. The functional domains and tertiary
structure of KIF17 proteins were predicted using the
ProtParam tool (http://web.expasy.org/protparam/)
and I-TASSER (http://zhanglab.ccmb.med.umich.
edu/I-TASSER/), respectively.

2.5 Quantitative analysis of Lp-kifl7 mRNA
expression

The mRNA expression levels of kif17 in the heart,
intestine, muscle, liver, brain, kidney, and testis (II-V)
were measured by qPCR, as described previously
(Zhao et al., 2018). Lp-kif17-specific primers (Table 1)
were designed using Primer Premier 5 and synthesized
by GENEWIZ (Suzhou, China). The B-actin (Actb)
gene was chosen as a positive control. The relative
mRNA levels of Lp-kifl7 were analyzed using the
2-44¢ method. Statistical analyses performed with
SPSS 16.0 were using one-way analysis of variance
(ANOVA) followed by the Duncan’s multiple
comparison, where P<0.05 indicated a significant
difference.

2.6 Fluorescence in situ hybridization (FISH)

obtained from the full-length genome The IV stage testes of male L. polyactis were
Table 1 Primers and probe sequences used in this study
Primer name Primer sequence (5'—3") Purpose
5'-Lp-KIF17-R1 AGTAGGTCCCGTCAAAGGTGAACTGC 5"RACE
5'-Lp-KIF17-R2 TCCCTCAGTGACACCCTCAACCAAAG 5'RACE
3'-Lp-KIF17-F1 CAACTACAGCAACCTGGACCG 3'RACE
3'-Lp-KIF17-F2 TACAAGGAAATGTTAGACCGCAGT 3'RACE
B-Lp-Actin F CTCTGTCTGGATCGGAGGCT Real-time PCR
B-Lp-Actin R GCTGAAGTTGTTGGGTGTTTG Real-time PCR
KIF17-RT-F TATTGCTGCACTGCGTTCCT Real-time PCR
KIF17-RT-R AGCTCAATGCTTCTTTGTTGTGG Real-time PCR

Probe sequence

GCAGTTGATTTTCCACTACCATTC

In-situ hybridization
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extracted, and frozen sections were produced and
preserved as described previously (Zhao et al., 2017).
The kifl17 probe (Table 1) was synthesized by
GENEWIZ (Suzhou, China) and was conjugated to
fluorescein with fluorescein isothiocyanate (FITC);
Probe specificity was evaluated using the BLAST.
The experiment was conducted based on the methods
of Zhao et al. (2018). The fluorescence signal were
observed and photographed using a confocal laser-
scanning microscope (LSMS880; Carl Zeiss,
Oberkochen, Germany).

2.7 Antibodies

A mouse anti-Lp-KIF17 antibody was prepared as
reported by Gao et al. (2019). The sequence encoding
the tail domain of KIF17 (aa 567—725) was amplified,
and the polypeptide was approximately 17.6 kDa. The
cDNA sequence was inserted into the pEASY-Blunt
E2 vector (TransGen, Beijing, China) to construct the
prokaryotic expression vector. The primers Anti-
KIF17-F is GACACCAGGCAGAGGAAGAAC and
the primers Anti-KIF17-R is TCTGTTGATGTTG-
GGGATGCA. The constructed pEASY-Blunt E2-
KIF17 plasmid was transformed into Transetta (DE3)
competent cells. The transformed cells were incubated
until the ODgy, reached 0.6, and the expression of
KIF17 was induced by isopropyl-p-d-
thiogalactopyranoside (IPTG) at a final concentration
of 1 mmol/L. The recombinant protein KIF17 was
purified using the His-tag Protein Purification Kit
(Beyotime, Shanghai, China) following the
manufacturer’s instructions. Finally, the KIF17
recombination protein was used for ICR mouse
immunization to produce the antiserum according to
Gao et al. (2019).

2.8 Western blotting

The quality of the mouse anti-Lp-KIF17 antibody
was tested by western blot analysis, following a
previously described method (Zhao et al., 2018).
HRP-conjugated goat anti-mouse IgG (H+L)
(Beyotime) was used as the secondary antibody.
Protein bands were visualized by chemiluminescence
imaging (Tanon 5200; Shanghai, China).

2.9 Immunofluorescence staining

The IF experiment was conducted according to
Wang et al. (2019). The frozen tissue sections were
incubated with a mouse anti-KIF17 antibody (diluted
1:70) and rabbit anti-tubulin antibody (diluted 1:100;
Beyotime) at 4 °C overnight. Then the sections were

incubated with Alexa Fluor 555-labeled Goat Anti-
Mouse IgG (H+L) (Beyotime) and Alexa Fluor
488-labeled Donkey Anti-Rabbit IgG (H+L)
(Beyotime), for 1 h at 37 °C. The immunostained
tissues sections were mounted and observed using a
confocal laser-scanning microscope. The control
group was processed without the addition of the
primary antibody.

3 RESULT

3.1 Characterization of the full-length cDNA of
Lp-kif17 and the Lp-KIF17 protein

The cloned kif77 cDNAhad a 332-bp 5" untranslated
region (UTR), 480-bp 3’ UTR, and 2 433-bp ORF
encoding 810 amino acids (aa) (Fig.2). The predicted
molecular weight of Lp-KIF17 protein was 90.3 kDa.
The deduced Lp-KIF17 protein possessed three
domains: a motor domain (3—343 aa), a stalk domain
(344652 aa) containing two coiled-coil regions
(398-439 aa/ 615-653 aa), and a tail domain (654—
810 aa) (Fig.3b). Furthermore, the tertiary structure of
Lp-KIF17 was predicted (Fig.3c), including a motor
domain (Fig.3f), a stalk domain containing two
coiled-coil regions (Fig.3g), and a tail domain
(Fig.3h). As in other kinesins, Lp-KIF17 had putative
ATP hydrolysis sites (Fig.3d) and microtubule-
binding motifs (Fig.3e) in the motor domain. A model
of the putative Lp-KIF17 homodimeric complex is
depicted in Fig.3i.

We aligned the Lp-KIF17 amino acid sequence
with sequences of homologs in other species (Fig.3).
The sequence identities between the Lp-KIF17
sequence and sequences of homologs in Mus
musculus, Notechis scutatus, Xenopus laevis, Danio
rerio, Carassius auratus, Larimichthys crocea, and
Pomacea canaliculata were 52.8%, 56.7%, 55.6%,
66.2%, 67.1%, 94.4%, and 74.7%, respectively. As
shown in Fig.4, a phylogenetic analysis showed that
Lp-KIF17 formed a group with orthologues in other
teleosts, distinct from other kinesin-2 family clusters.
Moreover, Lp-KIF17 was most closely related to the
KIF17 of L. crocea.

3.2 Quantitative analysis of Lp-kifl7 mRNA

As determined by qPCR, Lp-kifl7 expression
showed a wide distribution in all tested tissues, with
high expression level in the brain and testis and low
expression level in other tissue types (Fig.5a). We
further evaluated Lp-kifl7 expression during II-V
stages of testis development (Fig.5b). The mRNA
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a [OF R 2 20 30 10 50 50 70 80 Y Vwwwo]
Larimichthys polyactis KIF17 (1) MBSESVKVVVRCRPLNBREKALCSEQVElSMDLHRCOCE T EKPGAVDEPPKOFTFDCT YN Ol TEQMYNE T AYPLVEGVTEGYNGT I FAYGOTGSGKSET
Mus musculus KIF17 (1) uaknsvrvyvecr i reBeLsEos DSARGQCF IQNPGAADEPPKQFTFDGAYY/BHF TEQTYNETAYPLVEGVTEGYNGT IFAYGQTGSGKSET
Notechis scutatus KIF17 (1) MASERvKVEVRCRPLNEREKOLGCKHVANMDSARGOCEIONPTAEDEPPKOFTEDGAY YHNHNTEQIYNETAY BIlEGVTEGYNGT I FAYGOTGSGKSET
Xenopus laevis KIF17 (1) ECVK' supsfircocFTsKPofcBoTPROFTFDGAYY THHCTE I TYNOTAY PLVEGVTEGYNGTIFAYGOTGSGKSEEM
Danio rerio KIF17 (1) MASESVEVVVRCRPLNNREKAMNC sfipsl CocFIKKPGDTEERPPKOFTFDGTY YANEBTEEflYNEIAYPLVEGVTEGYNGTIFAYGOTGSGKSET!
Carassius auratus  KIF17 (1) ESVKVVVRCRPLNIREK DSEHCOCFIQKPGATEEPPKQFTFDGTY Y]SHETEQI YNETAYPLVEGVTEGYNGT IFAYGQTGSGKSET!

Larimichthys crocea KIF17 (1) ESVKVVVRCRPLNBREKALCS SMDLHRCQCEIEKPGAVDEPPKQFTFDGTY]| 0 TEQIYNEIAYPLVEGVTEGYNGTIFAYGQTGSGKSIT,,
Pomacea canaliculata KIF17 (1) -MiECVEVEVRCRPMNDRERNLNEKCVESMDEBRA SCOTANPSDOKARPKMETFDGCYBEESETEQTYNBI AYNLVEGVTEGYNGT IFAYGOTGCGKSET
Consensus (1) MASESVKVVVRCRPLNDREKAL CKVVLSMDSSRCQCFI KPGA DEPPKQFTEDGTYYIDHTTEQIYNEIAYPLVEGVTEGYNGTIFAYGQTGSGKSET

(102) 102 110 120 130 140 150 160 170 180 190 202

Larimichthys polyactis KIF17(102) 0GVPEPASHHGH T PRAFEHIFESIQCAENTKFLVRASYLEIYNEEIRDLLGSDTKORLELKEHPERGVY VR Y LSMETVHSVGECERIBEQGWKNRAVGY TL
Mus musculus KIF17(102) ocllpDPPCORGI 1PRAFEHJFESRIOCAENTKFLVRASYLE T YNEBWHDLLGADTKORLE LKEHPERGY Y VRGLSMETVHNVEOCERIMETGWKNRAVGY TL
Notechis scutatus KIF17(102) o¢| LDPPSQIGIIPRAFEH FESMQCAENTKFLVRASYLEIYNEEIRDLLGPNTKQKLELKEHPEKRGVYVKGLSQHTVHSEAOCERIMETGWKNRAVGYTL
Xenopus laevis KIF17(102) QGVPDPPSQRGIIPRAFEHIFESIQCAEKTKFLVRASYLEIYNEEIRDLLGVDPKQKLELKEHPERGVYVRDLiEHTVHSVTECE IMEIGWGNREVGSTL
Danio rerio KIF17(102) QGVPDPPSQRGI IPRAFEHIFEMIQCAENTKFLVRASYLEI YKEEIRDLLGKDIKQKMELKEHPERGVYVRDLEMOTVHSVGECE [LGWRNREVGYTL
Carassius auratus KIF17(102) QGVLDPPSQRGIIPRAE‘EHIFEIIQCAENTKE‘LVRASYLEIYKEEIRDLLGKITKQ ELKEHPERGVYVRDLSMHTVHSVGECERIMBOGWRNREVGYTL
Larimichthys crocea KIF17(102) 0cveEraSORcl1 PRAFEHTIFESIQCAENTKFLVRASYLETYNEEIRDLLGSDTKQRLE LKEHPERGVYVRY LSMHTVESVGECERIBEQGHKNRAVGY TL
Pomacea canaliculata KIF17(101) 06BrNEsBORGI1PRAFDHIFERsVEE ICKFLEHASYLET YNEETRDLLGKDVKAKLELKEEPERGVYVAGLSME PVENVKECERUMNQGWSNRATGATL
Consensus(102) QGVPDPPSQRGIIPRAFEHIFESTIQCAENTKFLVRASYLEIYNEEIRDLLG DTKQKLELKEHPERGVYVR LSMHTVHSVGECERIMEQGWKNRAVGYTL

(203) 203 210 220 230 W0 250 260 270 280 A& A 4 303

Larimichthys polyactis KIF17(203) MNKDSSRSHS I FBIHLEICNTDADGHDHLRAGKLNLVDLAGSERQSKTGATGERLEATK INLSLSALGNV I SALVDGRSKMIPYRDSKLTRLLODSLGGN
Mus musculus KIF17(203) MNKDSSRSHSIFTINIEIYAVDIRGKDHLRAGKLNLVDLAGSERQSKTGATGERLKEATKINLSLSALGNVISALVDGRCKHIPYRDSKLTRLLQDSLGGN

Notechis scutatus KIF17 (203) MNKDSSRSHS IFTINMET yvvDERGODHLRASKLNLYDLAGSERQSKTGAYGERFKEATKINLSLSALGNVISALADGRCRHMPYRDSKLTRILODSLGGN
Xenopus laevis KIF17(203) MNSDSSRSHSIFTITEEICSTDESGEDHLRAGKLNLVDLAGSERQEKTGATGERLKEATKINLS LSALGNVISALYDGRSKHI PYRDSKLTRLLODSLGGN
Danio rerio KIF17(203) MNKDSSRSHSIFTIHLEICSIDTAGDEHLRAGKLNLVDLAGSERQSKTGATGBRLOEATKINLSLSALGNVISALVDGRSKEI PYRDSKLTRLLODSLGGN
Carassius auratus KIF17(203) MNKDSSRSHS IFTIHLE ICNTDAAGERHLRAGKLNLVDLAGSERQSKTGATGERLOEATKINLSLSALGNVISALVDGRSKHI PYRDSKLTRLLODSLGGN
Larimichthys crocea KIF17(203) MNKDSSRSHS I Ff§ THLEICNTDADGHDHLRAGKLNLVDLAGSERQSKTGATGERLEEATKINLS LSALGNVISALVDGRSKEIPYRDSKLTRLLODSLGGN
Pomacea canaliculata KIF17 (202) MNADSSRSHSTEE1HMENT TN DEECKEHERVEKLNLVDLAGSEROEKTGATGHRLKEATK INLSLSALGNV I SALVDGRSKHIPYRDSKLTRLLODSLGGN

(@ 203) MNKDSSRSHSIFTIHLEIC TDE G DHLRAGKLNLVDLAGSERQSKTGATGERLKEATKINLSLSALGNVISALVDGRSKHIPYRDSKLTRLLQDSLGGN
(304)p0o4 310 320 330 340 350 360 370 380 390 404
Larimichthys polyactis KIF17 (304) [fBrLMBacLsPADNNYEETLSTLRYANRAKE IONRPR INEDPKDALLREYOEE IRNURALESCOLGSENLASLLHCOL FeRS PARPSREOS - - - STlliEr
Mus musculus KIF17 (304) [lRTLMVACLS PADNNYBETLSTLRYANRAKN IKNKPRINEDPKDALLREYOEETKRL 0oMGrENLSALLS TOTPPEPVOSEEKLLS PTTVOOBEEA
Notechis scutatus KIF17 (304) [[KTLMVACLS PADNNYBETLSELRYAHRAKN I RNKPRINEDPKDALLREYORE IMHL) 0OENLNNLOBECPELLPPERIQPEDKLELAPEFQPRVEK
Xenopus laevis KIF17(304) [[RTLMVACLSPADNNYDEBLSTLRYANRAKN I RNKPRINEDPKDALLREYOBE TKKL LENGVREMPGLDMFEALKAQVGEBE-------- s—-BMEV
Danio rerio KIF17(304) [RTLMVACLSPADNNYEESESTLRYANRAKSIONRPRINEDPKDALLREYQEE IKKL SGQLGSINL SFL) GQKSGEISAVVSRPQSNT— -SESEA
Carassius auratus KIF17(304) [RTLMVACLSPADNNYEESHSTLRYANRAKSTONRPRINEDPKDALLREYOEETKKL SGOLGSVKLESLLEGOKSEDS SAMLSRPOSNT- - -SVEEA
Larimichthys crocea KIF17(304) [[RTIMEACLS PADNNYEETLSTLRYANRAKSTONRPRINEDPKDALLREYORE TKNL) SGOLGSANLASLLAGOLFERSPAAPSRPOS-—--— STHEA
Pomacea canaliculata KIF17 (303) [[RTLMVACLS PADNNYEETLSTLRYANRAKN IKNKPRINEDPKDALLROYOEETAKL) EGOEP 1 PKGCFDEDNDOELESGDKHRK-SSVDNARHEELEK
Cc 304) CKTLMVACLSPADNNYEETTLSTIRYANRAKSTONKPRINEDPKDALLREYQEETKKLKALISGOLGSANLSSLLAGQL AS AR SRPQS SDTEA
(405) 405 410 420 430 440 450 460 470 480 490 505
Larimichthys polyactis KIF17(400) ExBRIREEYEORLARLOAEY N AEQESKAKLOEDIAALRESYEBKL FDLERBRASRGS SVLKNGSGKSTHHNKER - - BS8sC--
Mus musculus KIF17(405) EKOLTREP----—- s. LRVABEVVSEAETG
ALBDo~ P8

Xenopus laevis KIF17(395) EKRLT QEYEEKL-‘AQLLA.Y EQKS| LEXKDISDLRNM@YEVOL ODLR: KRSETE
Danio rerio KIF17(402) EXBRIKEEYEKKLARLOAEYDAEQESKVKLOEDIAALRES YEFRL SR----THTTEEVHLOQHKEE P-[HilllS »
1| SYEBRLSSLE SR- —AHTTGGPCVDQIKEEP— P
Ii S
I

Carassius auratus KJF17(402) Ex [EEYEKKLM|

LLEPSDTKSEADMAVADNVVLGTEPDMN-

Notechis scutatus KIF17(405) EKOLIREEYEEKLAOLKAEYEAEQES, LEEDISALRNEYBMKF H| LEIFV‘JVG ———————— GEMAEIA
SELE

LOQACYBAEQESKVKLQUDIAAL!

Larimichthys crocea KIF17(400) £K; EEYEQORLAKLOAEYNAEQESKAKLQEDIAALRESYESKLF DLE, SRGSSVLKNGSGKSTRHNKERSS
Pomacea canaliculata KIF17(403) x| OEYEDOMEELKKTMELER INKDKLOODMDKLRA FYDEKLRNMBGOLADLPPTSAVLDEEVEWEDEMANEAEK LKYGRESGSKVQSLAVGTAIDSG
Consensus(405) EKEKIKEEYE KLAKLQAEYDAEQESK KLOEDIAALRSSYETKL SLEKARASR GG A EKEA ISSSV

(506) 506 520 530 540 550 560 570 580 590 606
Larimichthys polyactis KIF17 (479) rEvBE= CHKTGPICRiIGDTSLI ----------------- EPAV-DP————PHAAVSVQ.PSREG—CIZSPDGTTAGPLDQQHVLERLQQLEQEVVGG

Mus musculus KIF17 (460) wvegeBOVARVAQVSEE, POPLEAMVSVRRESVGVE] TEBELoBPMDOOOVLARLOLLECRWGG
Notechis scutatus KIF17(478) 1ea) SAKESNEEES PAPPMDQOVRKVFRPDTPGTDEVERVL I PENQOEVLARLOMLEQQVVGG
Xenopus laevis KIF17(454) Ve DNE| PGDSQSDQIE‘E‘ KOHENNESROTRE THLAPTLPAEEPPRNMT PONVLARLOMLEOQVVGG
Danio rerio KIF17(478) a80r0 KIDHSESEERP | VDATVKGAASGESQIBDSMVVEI PGOLDOKLALERLOQLEQEFVGG
Carassius auratus KIF17(478) TSLEOSNAEHSVPKE 2fianVkGAPSEES SVBDMUVVATPSQLDOKHVLERLOOLEQEFVGE
Larimichthys crocea KIF17 (481) EcPichkTcPlcRSEGDTSLI-—— - - - - - EVLVSQPAVGLPHAAVSVQREPSREG-CIDS PDGTTAGPLDOOHVLERLOQLEQEVVGG
Pomacea canaliculata KIF17 (504) LPREEKBGSSIAIPTHISSEDASLVGPEI FDISKPLIQGPDGLPQVOKEMYELTGKIEDRLNTQISPTTVPAPASEAENMNEOQHEALKRLEALEQBMEGG
Consensus(506) S AEADI H I sS V VEKASE IDLED PLDOQ VLERLOOLEQQVVGG

(607) 607 620 630 640 650 660 670 680 690 707

Larimichthys polyactis KIF17(557) EQPGTKSYSRDTRORKNLADG -RKVNLIRALS EN -NEESENVLING Y NSTOEEVEAKS oL vEBOGKLKBARLE IRDLOAE FEfIERNDY LAT TRRLEREGQ
Mus musculus KIF17(528) EQARNKBURERHKR RKR YADE - RKKQLMAALONS DEBGCDWYLLNVYDS T0EEVRAKSKELEXMORKLRAA - JiE IRDLOBE FOBER 1 DYLATTRRBERE SM
Notechis scutatus KIF17 (545) £Q. LKERHT = REKEADE -RKOQLEEALKK SDERSSDRVLLNVYDSIOEEVRAKSRELEKHX EKLRAAL TEIRDLOSEFEBER I DY LAT IRRGERELQ
Xenopus laevis KIF17(520) EQAENKBLKEKRK=RKK YADE -RKKE LEDALON - - EBANERVLLRVYES TOBEH0AKSRELBK FORKLRAR - TE T = D1, L§EFERERNDYLAT TRRGEMELL
Danio rerio KIF17(543) EQVRNEELKOREKORKTEADG-RKKOLIEALNGS - SEFCDSVLLNVYDSIOEEVHAKSRHLEN TOKKLK
Carassius auratus KIF17(543) EO NEELKQR:}IQRKTLADQ—RKKQLI ALS@S - SEBSDSVLLNYYDSIQEEVHAKSRHLENTQKKLK.
Larimichthys crocea KIF17(564) EQARNKELOORHRORKNLADQ - RKVNLIRALSEN-NEBSENVLLNVYNSTOEEVHAKS OffL vEIQGKLE]
Pomacea canaliculata KIF17(605) ENVONRELKERHKXREMHABDORKKQLIRANHK DDGHEMEsEyvETooE < ARE: TLEENOROHESLERET IDLOAEFEFBRVDYL DT IREBEROTK
Consensus(607) EQARNKELKERHKQRK LADQ RKKQLIEAL NS EDSD VLLNVYDSIQEEVHAKSRLLEKVQKKLKAAKLEIRDLOAEFELERNDYLATIRRQEREGQ
(708) 708 720 730 740 750 760 770 780 790 808
Larimichthys polyactis KIF17(656) LENSELERMVPLVRRDCNYSNLDRERKEAVWDEBNEANKLPD PRLSARRGSSVDVEDAYMVEED- -RYKEMLDRSDSEN
Mus musculus KIF17 (628) LEQOBLEOMQPLERRDCNY SNL E8SWDEBNGFWKEPDP) vV TONKPARKTSAVD,
LHoloPLERRDCS YSNE E§TWDEESSCKEPEPY 10K T8LE - - --BRY- --§sLSLTKAGKKNEENGE TV TP EED - - R¥KMMI SKSDSEN
LBOVOPLERRDCN Y GNLDRERREAQWDEDS Y RWKL PEEVEOK T§LE - - - - 8P - - -GLPQVK--S
[LERMV S LVRRDCNYSNLD)

V- --IAPGRLSARRNSAS DPF| QEEIQDRYKEMLNRSDSEH
A---IAPGRLSARRNSAS DPFMOEEDEDRYKEMLKRSDSEH
VAPKLSARRGSSV D, ED--RYKEMLDRSDSEN

TAPET| ED——RYILMLSRSDSEN
ILERMAPLVRRDCNYSNLD!

Pomacea canaliculata KIF17 (703) LLDATEAREHECHRRDCNY YNEDRERTECKINEBEEQN T LEKEVEERTALETTGT IMPGSKEEDOSM Y PSSNGEFED Bo1TODRLRERLREEED
Consensus(708) LLQ TLERM PLVRRDCNYSNLDRIRKEAVWDED G WKLPDVVVOKTTLP SA  SA KLSARR SA DLAD HMVEED RYKEML RSDSEN

(809) 809 820 830 840 850 860 870 880 890 907

Larimichthys polyactis KIF17 (746) 1ASSYRRSKRASOLIG-LEATKGHARHS P -

Mus musculus KIF17 (698) —-——-———————————| Bruvufr TN
Notechis scutatus KIF17 (737) TRSNYFRSKRASORLN - BBPMK sHv SHNSP-- -
Xenopus laevis KIF17 (708) IASNYFRSKRASOTLS - BBEMRsEAfHNS spvG- -NAPLVSSAPVSCRS SPPRGTBVPPLREERLOSLPTESHK IRRKKNKLS PGTEPF -~

Danio rerio KIF17 (740) I:INY DKEISQLLA—T SUKNSMNFSS— ISNG.HQ SGSGHSAL-TVESELPRPFRLESLGVPASHBKVKRKK SR LS THY -
i
1|

psaQTVEMPOPRPERLESEDFES psERTKRKKSRNNENGEPL

Carassius auratus KIF17 (740) T PKRESOLLT-BBsHKN------ GNGAGHOTEVESEE S P -NMESHL PREFRLESLGYE PRHBKVKRKK SR FlpABSN
Larimichthys crocea KIF17 (752) TASSYEKSKRASOLLG-LEATKGHARHSP- PLVNCARHLTVSGSEMN - - - -0 PllS SRPERLESLDFBVENGKVKRKKSKS Y EHNEGT
Pomacea canaliculata KIF17 (804) 188syE0BRR0SOLL TGPERPENREN REVKDTYGISSQTTNGLHKD*SSGL OMHGOVMSBEEVRRE I RLDALPDVKCGKKAKKKKCTEEPF——— -

Consensus (809) TASNYFKSKRASQLL ~ADPMK I IH L NGAAH TSSGSSL E L RPFRLESL P A GK KRKKSKS I D

Fig.3 Multiple alignments and structure prediction of Lp-KIF17

a. multiple alignments of KIF17 amino acid sequences of L. polyactis and other species. The same amino acids are represented in yellow regions; more than
50% similarity are represent in blue regions, and a lower similarity are represent in green regions. The motor domain is marked in a red box. Green triangles
indicate microtubule-binding sites. Red triangles indicate putative ATP hydrolysis sites. The species names and the GenBank accession numbers of KIF17 were as
follows: Mus musculus (NP_001177907.1); Notechis scutatus (XP_026532176.1); Xenopus laevis (XP_018097355.1); Danio rerio (XP_001919146.1); Carassius
auratus (XP_026130843.1); Larimichthys crocea (XP_027135593.1); Pomacea canaliculata (XP_025086307.1); b. protein structure domain of Lp-KIF17; c-h.
the predicted tertiary structure of Lp-KIF17; d. the positions of the predicted ATP hydrolysis sites; e. the positions of the predicted microtubule-binding sites; f. the
predicted N-terminal motor domain (red); g. the predicted stalk domain (blue); h. the predicted C-terminal tail domain (orange); i. model pattern of the putative
Lp-KIF17 homodimeric complex. Head: the N-terminal head motor domain; CC1: coiled-coil region 1; CC2: coiled-coil region 2; tail: the C-terminal tail domain.

To be continued
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Fig.3 Continued

Vol. 39

b
1 3 343 398 439 615 653 810

Head

expression of Lp-kif17 increased gradually, peaking at
stage IV, and then decreased dramatically at stage V.

3.3 Spatiotemporal expression of Lp-kif17 mRNA
during spermiogenesis

The expression and distribution of Lp-kifl7 were
evaluated by FISH (Fig.6). In early spermatid, the Lp-
kif17 mRNA signals were evenly distributed in the
perinuclear cytoplasm (Fig.6al—a4). During middle
spermatid, the signals were enhanced and were
concentrated around the nucleus (Fig.6b1-b4). In late
spermatid, the signals mainly accumulated on one
side of the nucleus where the tail forms (Fig.6c1—c4).
In mature sperm, mRNA was detected at the midpiece
of sperm (Fig.6d1-d4).

3.4 Expression and purification of Lp-KIF17

Lp-KIF17 was successfully expressed in
Escherichia coli Transetta (DE3) (Fig.7a). A clear
target band was found in induced cells (line 3) but not
in un-induced cells (line 2) by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE).

The purified recombinant protein showed a single
band (line 4) with an approximate molecular mass of
17.6 kDa. Finally, the recombination protein Lp-
KIF17 was used for mouse immunization, and the
antiserum was extracted as a mouse anti-KIF17
polyclonal antibody against L. polyactis. Western
blotting was used to evaluate the specificity of this
antibody. A ~90-kDa protein band was only detected
(Fig.7b), consistent with the predicted molecular
weight of Lp-KIF17. These results suggest that the
mouse anti-KIF17 polyclonal antibody could be used
for subsequent IF assays.

3.5 Expression and colocalization of Lp-KIF17
with tubulin during spermiogenesis

As determined by immunofluorescence, Lp-KIF17
was expressed and colocalized with microtubules
during spermiogenesis in L. polyactis. In early
spermatid, Lp-KIF17 and tubulin were evenly
distributed in the cytoplasm (Fig.8al—a4). In middle
spermatid, the localization patterns of Lp-KIF17 and
tubulin signals were similar to those of early spermatid
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YA — Mus musculus KIF17

Xenopus laevis KIF17
100 S Danio rerio KIF17
Oncorhynchus tshawytscha KIF17
99 Paralichthys olivaceus KIF17
100 7 —|: Larimichthys polyactis KIF17
100 Larimichthys crocea KIF17
o Hippocampus comes KIF17
Oryzias latipes KIF17
99 Pomacea canaliculata KIF17
—|: Lingula anatina KIF17
52 Echinococcus granulosus KIF17
—50|: Aedes aegypti KIF17
_78': Homo sapiens KIF3A
100 Xenopus laevis KIF3A
Danio rerio KIF3A
—99|: Larimichthys polyactis KIF3A
97 Mus musculus KIF3B
100 100 —|: Xenopus laevis KIF3B
Danio rerio KIF3B
—94|: Larimichthys polyactis KIF3B
100 100 Mus musculus KIF3C
Xenopus laevis KIF3C
99 Danio rerio KIF3C
|071| —90|: Larimichthys crocea KIF3C

Fig.4 Phylogenetic tree of KIF17 and 25 available kinesin-2 proteins

KIF17

KIF3A

KIF3B

KIF3C
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The phylogenetic tree was generated based on the alignment of amino acid sequences using MEGA 5.0 software using the neighbor-joining method. The amino
acid sequences were obtained from the GenBank and the accession numbers were as follows: Homo sapiens: KIF3A (NP_001287720.1); Danio rerio: KIF17
(XP_001919146.1), KIF3A (NP_001017604.2), KIF3B (NP_001093615.1), KIF3C (XP_002661420.3); Xenopus laevis: KIF17 (XP_018097355.1), KIF3A
(XP_018111667.1), KIF3B (XP_018092567.1), KIF3C (XP_018121538.1); Larimichthys crocea KIF17 (XP_027135593.1), KIF3C (XP_010738232.2);
Echinococcus granulosus KIF17 (XP_024349597.1), Paralichthys olivaceus KIF17 (XP_019952108.1); Hippocampus comes KIF17 (XP_019712241.1),
Oryzias latipes KIF17 (XP_023811060.1); Oncorhynchus tshawytscha KIF17 (XP_024282861.1), Pomacea canaliculata KIF17 (XP_025086307.1), Lingula
anatina KIF17 (XP_013396997.1), Aedes aegypti KIF17 (XP_021693306.1), Larimichthys polyactis: KIF3A (QBH87852.1), KIF3B (QBH87853.1); Mus
musculus: KIF3B (NP_032470.3), KIF3C (NP_032471.2), KIF17 ( NP_034753.1).
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Fig.5 Quantitative analysis of Lp-kif17 mRNA

a. the relative expression level of kif77 mRNA to B-actin in the heart (H), liver (L), intestine (I), kidney (K), brain (B), testis (T), muscle (M), and gill (G) of
L. polyactis; b. relative expression level of kif/7 mRNA to B-actin in different stages of testis development. Values are represented as mean+S.D. Different
lowercase letters mean significant differences (P<0.05) among the different groups, respectively.
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DAPI

Middle |
spermatid

Late
spermatid

Sperm

Fig.6 Fluorescence in-situ hybridization results of Lp-kif17 mRNA during spermiogenesis in L. polyactis

Vol. 39

KIF17

Blue signals represent nuclei stained with 4',6-diamidino-2-phenylindole (DAPI). Lp-kif17 mRNA was stained with FITC labeled probe (green). al, bl, cl,
d1 show images of spermiogenesis in the hematoxylin-eosin (HE) stain; a2—a4: early spermatid; b2—b4: middle spermatid; c2—c4: late spermatid; d2—d4:

sperm. The white virtual box indicates an enlarged image in the region of arrow. The scale bars are 5 pum.

and accumulated around the nucleus (Fig.8b1-b4). In
late spermatid, the signals migrated to one side of the
nucleus where sperm tail forms (Fig.8cl-c4). In
mature sperm, Lp-KIF17 and tubulin were mainly
detected in the midpiece of the sperm (Fig.8d1-d4).
No signals were detected in negative control group
(data not shown).

4 DISCUSSION

KIF17 is a homodimeric motor protein belonging
to the kinesin-2 family (Silverman and Leroux, 2009).
The KIF17 domain structure is well-characterized in
mammals (Yamazaki et al., 1995; Miki et al., 2005;

MacAskill et al., 2009). The motor domain functions
in movement along microtubules by binding to
microtubules and hydrolyzing ATP. The tail domain is
a highly variable domain that binds to various cargos.
The stalk region, containing two coiled-coil domains
(CC1-CC2), is a regulatory region controller (Milic et
al., 2017). The structural characteristics of KIF17
were similar to those of other kinesin-2 family
members (KIF3A, KIF3B, and KIF3C) and N-terminal
kinesins. However, the stalk domains of KIF3A,
KIF3B, KIF3C, and other kinesins usually have a
single coiled-coil domain, whereas KIF17 has two
coiled-coil domains. The special structural features of
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Fig.7 Expression and purification of recombinant protein Lp-KIF17 and specificity assessment of mouse anti-Lp-KIF17

antibodie

a. the expression and purification of recombinant protein Lp-KIF17. Line 1: molecular markers; line 2: un-induced total protein; line 3: total protein
with KIF17 expression induced by IPTG; line 4: purified recombination protein with a molecular weight of approximately 17.6 kDa; b. mouse anti-

Lp-KIF17 antibody assessment by western blotting. M: protein markers.

the stalk domain of KIF17 may be related to its auto-
inhibition by folding around its coiled-coil domain to
suppress motility in the absence of cargo (Imanishi et
al., 2006; Hammond et al., 2010). In this study, a full-
length cDNA sequence was obtained for kif77 from
the testis of L. polyactis. The predicted Lp-KIF17
protein possessed all of the main structural features of
previously-reported KIF17, including an N-terminal
head motor domains containing microtubule-binding
and ATP hydrolysis sites, a stalk domain containing
two coiled-coil regions (CC1-CC2), and a C-terminal
tail domain. Multiple sequence alignment of KIF17
proteins in various taxa illustrated that Lp-KIF17 is
relatively structurally conserved and that its motor
domain is more highly conserved than its non-motor
domains. The high conservation of the motor domain
may reflect its involvement in ATP hydrolysis and
microtubule-binding; the C-terminal domain, on the
contrary, is involved in interaction with various cargos
(Miki et al., 2005). The structural conservatism of Lp-
KIF17 suggests that its function was conserved during
evolution.

In L. polyactis, kif] 7 mRNA levels were highest in
the brain, followed by the testis, and were low in other
tissues. This expression pattern is consistent with
previous results (Nakagawa et al., 1997; Setou et al.,
2000). KIF17 in the brain is likely to function in the

transport of neuronal proteins to dendrites in a
microtubule-dependent manner. In the mouse, high
KIF17 expression in the central nervous system may
be related to the transport of N-methyl-d-aspartate
receptor NR2B subunit, potassium Kv4.2 channels,
and kainate receptor GluRS from cell bodies to
dendrites (Setou et al., 2000; Chu et al., 2006;
Kayadjanian et al., 2007). In Caenorhabditis elegans,
Osm-3 (a homolog of mammalian KIF17) shows
highly specific expression in neurons and is thought
to contribute to dendritic transport (Tabish et al.,
1995). Hence, Lp-kif17 in the brain may be related to
dendritic transport. In addition, high KIF17 expression
in the testis may be related to spermiogenesis (Wong-
Riley and Besharse, 2012; Ma et al., 2017). In mice,
KIF17 is highly expressed in the testis and may
participate in spermiogenesis by interacting with the
manchette to promote nuclear reshaping and tail
formation (Saade et al., 2007). Similarly, the high
expression of kif17 in the testis suggests that KIF17 is
involved in L. polyactis spermiogenesis. In this study,
we further determined that kif!7 expression in the
testis is highest at stage IV. In this stage, the testis of
L. polyactis contains abundant spermatids, which
undergo  morphological  transformation  into
spermatozoa by spermiogenesis (Kang et al., 2013).
Therefore, we speculate that Lp-kifl7 in the testis
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Fig.8 Immunofluorescence localization of Lp-KIF17 and tubulin during spermiogenesis in L. polyactis

Nuclei were stained with DAPI (blue). Microtubules were stained with Alexa Fluor 488-labeled antibody (green). Lp-KIF17 was stained with an Alexa

Fluor 555-labeled antibody (red). al—a4. early spermatid; b1-b4. middle spermatid; c1—c4. late spermatid; d1-d4. sperm. The white virtual box indicates an

enlarged image in the region of arrow. The scale bar is 5 pm.

may be related to spermiogenesis. To confirm our
conjecture, we tracked the spatiotemporal expression
pattern of Lp-kifi7 mRNA by FISH during
spermiogenesis. The Lp-kifi7 mRNA signals were
continuously detected throughout spermiogenesis.
Overall, these results suggested that kif77 is involved
in L. polyactis spermiogenesis.

During spermatid reshaping, the nucleus undergoes
striking chromosome condensation and compression,
eventually leading to nuclear elongation and tail
formation (Ma et al., 2017). During spermiogenesis, a
transient perinuclear microtubule structure, called the

manchette, appears when the round nucleus begins to
elongate and gradually moves toward the posterior
half of the spermatid to elongate the nucleus by the
formation of a connection between the microtubule
and the nuclear skeleton. This structure disappears
when the elongation and condensation of the
spermatidnucleus arenear completion (Kierszenbaum,
2002). Previous studies have shown that the manchette
plays a significant role in spermatid nuclear shaping
and tail formation by sorting structural and functional
molecules during nuclear shaping and sperm tail
development (Kierszenbaum, 2002; Kierszenbaum
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Fig.9 Overview potential function of Lp-KIF17 during spermiogenesis

KIF17 may participate in the spermatid nuclear shaping and tail formation by interacting with perinuclear microtubules during L. polyactis spermiogenesis.
Head: the N-terminal head motor domain; CC1: coiled-coil region 1; CC2: coiled-coil region 2; tail: the C-terminal tail domain.

and Tres, 2004). In azh (abnormal sperm head shape)
mouse mutants, the abnormal position of the
manchette is correlated with an abnormally-shaped
spermatid nucleus and multiple coiling of the sperm
tail (Mochida et al., 1999). The manchette displays
complex motility via the activity of several kinesins.
For instance, KIF3A knockout mice show abnormally
manchettes and typical malformed heads, suggesting
that kinesin KIF3 A participates in spermatid reshaping
by interacting with the manchette (Lehti et al., 2013).
In mice, KIF17 protein signals are colocalized with
the manchette, further supporting the relationship
between KIF17 and the manchette (Saade et al.,
2007). In our immunofluorescence analysis of
L. polyactis, tubulin signals were evenly distributed
in the perinuclear cytoplasm in the early spermatid
stage, primarily distributed around the nucleus in the
middle spermatid stage, and distributed on the side
where the midpiece forms in the late spermatid stage.
In mature spermatozoa, the signals of tubulin were
mainly detected in the midpiece of the sperm. The
localization pattern of tubulin suggests that
L. polyactis may have a perinuclear microtubule
structure, similar to the manchette, involved in

spermatid nuclear shaping. We further found that Lp-
KIF17 colocalized with tubulin during early spermatid
development into mature sperm, and the signals
shifted from the perinuclear cytoplasm to one side
where the midpiece forms, suggesting that Lp-KIF17
participates in spermatid nuclear shaping and tail
formation during spermatid reshaping by interacting
with perinuclear microtubules. Based on these
findings, models of Lp-KIF17 involved during
spermiogenesis is prosed (Fig.9).

5 CONCLUSION

In this study, we cloned the Lp-kifl7 cDNA and
characterized the expression patterns and potential
functions of KIF17 during L. polyactis spermiogenesis.
Lp-kif17 was widely expressed in most tissues, with
the highest level in brain, followed by that in the
testis. Furthermore, kif77 was continuously detected
during spermiogenesis, suggesting that it plays a key
role in this process. Lp-KIF17 colocalized with
tubulin at all stages, and the signals moved from the
perinuclear cytoplasm to the side of tail formation.
These findings suggest that KIF17 may be involved in
L. polyactis spermiogenesis and may specifically
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participate in nuclear shaping and tail formation by
interacting with perinuclear microtubules during
spermatid reshaping. Based on these findings, models
of Lp-KIF17 involved during spermiogenesis is
prosed. However, detailed function of KIF17 in
L. polyactis spermiogenesis requires further study.

6 DATA AVAILABILITY STATEMENT

The data that support the findings of this study are
available from the corresponding author upon
reasonable request.
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