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ABSTRACT 

Dyneins are a class of molecular ATPase motors that generate force and 

movement on microtubules in a wealth of biological processes, 

including organelle distribution, cell division, ciliary beating, and 

flagella motility, and intracellular transport. DYNLRB1 and DYNLRB2 

are the light chains subunits identified both in cytoplasmic dynein and 

axonemal dynein, but how these two light chains contribute to dynein 

function remains poorly understood. In our research, DYNLRB2 was 

found to be specifically upregulated in mouse testis and DYNLRB2 

depletion in meiotic spermatogenesis resulted in frequent metaphase 

arrest with the defects in bipolar spindle formation, spindle assembly 

checkpoint regulation, chromosome alignment, spindle organization and 

orientation. DYNLRB2 maintains male meiotic spindle bipolarity by 

preventing pericentriolar material (PCM) fragmentation through 

targeting nuclear mitotic apparatus protein (NUMA) to the spindle poles 

and suppressing premature centriole disengagement. Emerging roles of 

DYNLRB2 were characterized from ciliogenesis to fertility. DYNLRB2 

deficiency caused a series of ciliopathies both in female and male, as 

well as dysfunctional spermiogenesis with abnormal manchette removal, 

thereby contributing to male infertility, while DYNLRB2 KO female 

mice were fertile with normal follicle development and ovulation. In 

contrast, the mitotic DYNLRB1 regulated bipolar spindle formation by 

targeting NUMA and suppressing centriole overduplication in mitotic 

cells. DYNLRB1 KD phenotypes are rectified by ectopic 

overexpression of DYNLRB2, supporting the notion that DYNLRB1 

and DYNLRB2 have interchangeable roles in mitosis.   



Correspondingly, downregulation of DYNLRB1 during mouse oocyte 

meiosis by siRNA injection resulted in several defects on decrease of 

germinal vesicle breakdown rate, spindle organization, formation of 

actin cap and cortical granule-free domain (CGFD) and reduced polar 

body extrusion rate with abnormal cytokinesis. In summary, the results 

defined the distinct roles and functional mechanisms of DYNLRB1 and 

DYNLRB2. 

Keywords: dynein light chain, DYNLRB1, DYNLRB2, spindle, 

centrosome, PCM, NUMA, meiosis, mitosis, ciliogenesis, fertility, 

spermatogenesis 

 

 

 

 

 

 

 

 

 

 

 

 



 

SAMMANFATTNING PÅ SVENSKA 

Dyneiner är en klass molekylära, ATP-drivna motorer som genererar 

rörelse längs mikrotubuli i många biologiska processer, t ex 

organellfördelning, celldelning, cilierörelse, flagellmotilitet, och 

intracellulär transport. DYNLRB1 och DYNLRB2 är subenheter i 

cytoplasmiskt och axonemalt dynein, men hur dessa två proteiner bidrar 

till dyneinfunktionen är okänt. Vi fann att expression av DYNLRB2 hos 

möss var specifikt uppreglerat i testiklar och att avsaknad av DYNLRB2 

resulterade i metafasarrest i meiotisk spermatogenes med defekter i 

bildandet av bipolära spolar. Den checkpoint som kontrollerar bildandet 

av spolen, kromosomparning, liksom organisation och orientering av 

spolen påverkades i frånvaro av DYNLRB2. Mekanismen genom vilken 

DYNLRB2 upprätthåller den maskulina meiotiska spolens bipolaritet 

innefattar lokalisering av ”nuclear mitotic apparatus protein” (NUMA) 

till spolens poler, vilket därigenom förhindrar fragmentering av 

pericentriskt material (PCM) och prematur centriolavkoppling. Vi har 

karakteriserat nya funktioner för DYNLRB2 vid bildandet av cilier av 

betydelse för fertilitet. Avsaknad av DYNLRB2 hos möss orsakade en 

serie ciliopatier hos såväl hannar som honor. Maskulin infertilitet 

orsakades av dysfunktionell spermatogenes med defekt avlägsnande av 

manchetten, medan DYNLRB2 knockout mushonor var fertila med 

normal follikelutveckling och ovulation. DYNLRB1, å andra sidan, 

kontrollerar bildandet av bipolära spolar vid mitos. Detta sker genom att 

lokalisera NUMA och förhindra överduplikation av centrioler i 

mitotiska celler. DYNLRB1 knockdown-fenotyper kan korrigeras 



genom ektopiskt överuttryck av DYNLRB2, vilket tyder på att i mitosen 

har DYNLRB1 och DYNLRB2 utbytbara roller. Nedreglering av 

DYNLRB1 under mushonors oocytmeios, genom injektion av siRNA, 

resulterade i flera defekter såsom ineffektiv nedbrytning av 

germinalvesiklar, defekt organisation hos spolen, ofullständigt bildande 

av aktin-lock och ”cortical granule-free domain” (CGFD). Hastigheten 

med vilken polarkropparna exkluderades var nedsatt, liksom 

cytokinesen. Sammanfattningsvis visar resultaten på distinkta roller och 

verkningsmekanismer hos DYNLRB1 och DYNLRB2. 

Nyckelord: dynein, DYNLRB1, DYNLRB2, spole, centrosom, PCM, 

NUMA, meios, mitos, ciliogenes, fertilitet, spermatogenes. 
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Abbreviations 

APC/C                        ! anaphase-promoting complex/cyclosome!
CENP-E 

CGFD                       !
centromere-associated protein-E 

cortical granule free domain!
CETN   ! centrin!
DYNLRB1! Dynein light chain roadblock-type-1                                        !
DYNLRB2! Dynein light chain roadblock-type-2                                        !
DYNC1I1/2! Dynein cytoplasmic 1 intermediate chain 1/2!
DYNLL1! Dynein light chain type 1!
DYNC1H1! Dynein cytoplasmic 1 heavy chain 1!
DYNC1LI2                  ! Dynein cytoplasmic 1 light intermediate chain 2!
Dip! diplotene!
Emi1  ! early mitotic inhibitor 1!
ES! elongated spermatid!
e.Pc                             ! early-pachytene!
HC! heavy chain!
IP   ! Immunoprecipitation 

IF! Immunofluorescence!
IC    ! Intermediate chain!
KO! knockout!
KD! knockdown 

Kin! kinetochore!
Lep! leptotene!
LIC! light intermediate chain!
LC! light chain!
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L.Pac                              late-pachytene 

Met I                            metaphase I 

MEF    mouse embryonic fibroblasts 

MT     microtubule 

MTOC    microtubule-organizing center 

MEIKIN meiosis-specific kinetochore protein 

NUMA nuclear mitotic apparatus 

NE nuclear envelope 

PCM   pericentriolar material 

PCNT pericentrin 

Pre-lep                     spermatocytes at preleptotene 

Pac pachytene 

PBE Polar body extrusion 

PD postnatal 

PLK1    polo-like kinase 1 

RS   round spermatid 

SG spermatogonia 

Sp        spindle pole 

Sp.gonia                   spermatogonia 

SPC spermatocyte 

SAC spindle assembly checkpoint 

TUNEL TdT-mediated dUTP nick-end labeling 

Zyg zygotene 
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Introduction 

!"#$%&'('&)*+,&-&.,+-"/+ 0-.,$, +

Mammalian reproduction is a highly complex process that successfully 

transmit genetic information for future generations. The life progresses 

through germ cell development to the birth with succession of events 

including the germ cell differentiation, gametogenesis, ovulation, 

fertilization, preimplantation embryonic development, and implantation 

(Dey, 2010; Jones and Schrader, 1987). When the viable sperm and a 

mature egg meet successfully in the fallopian tube, fertilization happens 

after two haploid gametes fuse together (Siu et al., 2021). Fertilization 

and embryonic development that follows are complex processes where 

the success of each event depends on the success of the preceding event. 

Dysregulation of any processes in the pathway can hinder the pregnancy 

and live birth. 

An inability to get pregnant or have a successful pregnancy naturally is 

defined as infertility. The overall number of people facing fertility 

problems has increased over the years. The absolute number of couples 

affected by infertility increased from 42.0 million in 1990 to 48.5 

million in 2010 (Mascarenhas et al., 2012). According to the report from 

World Health Organization (WHO) about infertility prevalence 

estimates 1990-2021, there are 17.5% estimated lifetime prevalence of 

infertility. As the population of couples with infertility problems 

increases, infertility is evolving into a global health problem and 

affecting millions of people at the reproductive age around the world. 



INTRODUCTION 
 

 
 

2 

Research on the causes and treatments of infertility is therefore 

becoming a global medical priority.    

Genetics causes in female infertility 

Advances in imaging, proteomics, structural biology, and genome 

editing have significantly promoted our understanding of infertility and 

increasingly revealed possible causes. An increasing number of genetic 

studies recently revealed the multiple genes implicated in female 

infertility (Figure 1).  

In 2017, variants in PATL2, which encoded a highly conserved oocyte-

specific messenger ribonucleoprotein repressor of translation, resulted 

in frequent meiosis I arrest during oocyte meiotic maturation 

(Maddirevula et al., 2017). In addition, mutations in TUBB8, a primate-

specific β-tubulin, were reported to be accountable for oocyte nuclear 

maturation arrest due to spindle assembly defects (Feng et al., 2016). 

Recently, the human oocyte microtubule organizing center (huoMTOC) 

was found as a major site of microtubule nucleation for the spindle 

assembly in human oocytes. Deficiencies in transforming acidic coiled-

coil-containing protein (TACC3), an important component of 

huoMTOC, was shown to impair meiotic spindle assembly by disrupting 

the structure of the huoMTOC which finally resulted in human oocyte 

maturation arrest (Wu et al., 2022). WEE2 was an oocyte-specific 

tyrosine kinase that could phosphorylate and inhibit cyclin dependent 

kinase 1 activities, thereby playing a critical role in the regulation of 

meiotic progression (Oh et al., 2010). WEE2 variant induced slight 

variability in patients, ranging from complete fertilization failure to poor 
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fertilization (Weiner et al., 2022). The cell division cycle 20 is the co-

activator of anaphase-promoting complex/cyclosome (APC/C) and 

plays a role in maintaining the genome by regulating spindle assembly 

checkpoints (Musacchio and Hardwick, 2002). Adding to the growing 

list of genes associated with oocyte maturation defects, the clinical 

research also identified CDC20 mutations in five infertile individuals 

with oocyte maturation arrest, fertilization failure, and early embryonic 

arrest (Zhao et al., 2020). 

 
!"#$%&'( )' *+,&%-"."-/012$3"+#' #&+&-"1' 42%"2+-3' "+' 551/-&' 6&"5-"1' 62-$%2-"5+) 
Some examples of pathological genes are indicated for each anomaly. The figure 

was adapted with permission from (Sang et al., 2023). 

Genetics causes of male infertility 

Male infertility is a multifactorial pathological condition. Genetics is 

found to play a prominent role in most severe spermatogenic impairment 

including the asthenospermia, macrozoospermia, globozoospermia, the 

syndrome of multiple morphological abnormalities of the sperm flagella 

(MMAF), acephalic spermatozoa syndrome, oligozoospermia or non-

obstructive azoospermia and fertilization failure without morphological 

anomalies.With the technological advancements and wide application 
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of whole sequencing technology, more and more gene variants causing 

various subtypes of male infertility were identified (Figure 2).  

In 1989, a discovery identified mutations in CFTR gene (Cystic Fibrosis 

Transmembrane Conductance Regulator) as the underlying cause of 

Cystic Fibrosis (CF), a severe genetic disorder that primarily affects the 

respiratory and digestive systems (Kerem et al., 1989). Beyond its well-

established role in CF, recent studies have further identified that CFTR 

mutations in patients display inferior sperm quality and impair sperm 

fertilization capability which are considered the genetic cause of 

obstructive azoospermia in infertile males (Wang et al., 2024). In cases 

of non-obstructive azoospermia, pathogenic mutations in several genes 

have been identified as being associated with meiotic arrest and 

infertility. These genes include MEIOB, which plays a crucial role in 

homologous recombination during meiosis (Gershoni et al., 2019), 

TEX15, important for DNA double-strand break repair and 

chromosomal synapsis (Okutman et al., 2015), XRCC2 involved in 

DNA repair and maintaining genomic stability (Yang et al., 2018), and 

FANCM, a gene critical for the repair of interstrand cross-links during 

meiosis (Kasak et al., 2018). In 2007, adaptations made to existing 

sequencing technology resulted in the identification of mutations in gene 

AURKC, which was responsible for a variety of abnormal sperm 

morphology with large head or round head (Dieterich et al., 2007). In 

2014, a homozygous variant of DNAH1, encoding an axonemal dynein 

of the inner dynein arms, was identified in a small cohort of infertile 

men with MMAF (Ben Khelifa et al., 2014). In addition, there are other 

genetic mutations that cause morphological abnormalities of sperm 
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flagella, including CFAP43 and CFAP44 (the tether-tether head 

complex)(Coutton et al., 2018). The mutations in two testis-specific 

genes, PMFBP1 (polyamine modulated factor 1 binding protein 1) and 

SUN5 (Sad1 and UNC84 domain containing 5), disrupted the head-

flagella junction of the spermatozoa in the infertile men (Cazin et al., 

2021; Sha et al., 2019).  

 
!"#$%&'7)' 89&' :9/3"5.5#"12.' 2+;' :2-95.5#"12.' 3:&%62-5#&+&3"3)'Some 

examples of pathological genes are indicated for each abnormality. Abnormal 

spermatogenesis can induce a variety of male infertility-related diseases. The 

figure was adapted with permission from (Sang!"#!$%&, 2023). 

Further advances in our understanding of infertility requires in-depth 

research into the mechanisms of female and gamete formation, as well 

as of the events that lead to fertilization. The following sections will 

review the literature on these topics. 

 

+
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Oogenesis     

Oogenesis is an essential process that promotes female gamete 

developing to become fertilizable. Ovarian follicle act as the functional 

unit of the ovary and its interaction between multiple cell types, of which 

the oocyte germ cell and the somatic granulosa cells play the major role 

(Rodrigues et al., 2021). Primary oocytes undergo development from 

oogonia, which originate from primordial germ cells, through a process 

of mitotic proliferation. The primary oocytes are arrested in diplotene 

stage of prophase I of the first meiotic division within ovarian follicles 

(Dutta et al., 2016). After puberty, the follicle stimulating hormone 

stimulates granulosa cell proliferation. Meiosis resumes after a 

preovulatory surge of luteinizing hormone (McGee and Hsueh, 2000). 

With the oocyte developing, the chromosomes are tightly condensed 

followed by the nuclear envelope breakdown (GVBD). Subsequently, 

meiotic microtubules gradually assemble and promote chromosomes 

arrangement at the equatorial plate in metaphase I, with a bipolar spindle 

formed in oocyte (Mihajlovic and FitzHarris, 2018). Then the spindle in 

the central position moves away from the cell center to the cortex. The 

oocyte symmetry is broken during the transition from metaphase to 

anaphase. Under the dual action of spindle filaments and the actin 

system, the homologous chromosomes move towards the spindle poles 

and begin to separate (Azoury et al., 2008). After that, oocyte with 

asymmetric cytokinesis forms a small polar body and a large highly 

polarized secondary oocyte (Maro and Verlhac, 2002). Subsequently, 

the spindle in the second meiotic division organizes rapidly with 
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chromatin recondensation, and arrests in metaphase. Upon fertilization, 

the secondary oocyte resume meiosis and discharges the second polar 

body (Figure 3). Thus, mammalian oocytes experience two asymmetric 

cytokinesis that segregate the homologous chromosomes and sister 

chromatids prior to fertilization. Through oogenesis, a haploid egg and 

several smaller polar bodies are ultimately generated. Asymmetric 

oocyte meiosis ensures retention of maternal components within oocyte 

to later support early embryonic development. 
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'

! "#$%&'<)' =-2#&3' ,%56' 551/-&' #%5>-9' -5' 65$3&' &6?%/5) During oogenesis, 

oocytes are arrested in prophase I of meiosis. After resuming meiosis, these 

oocytes then undergo two asymmetric meiotic divisions. Nuclear envelope 

breakdown and spindle assembly are the marks of meiosis entry. The figure was 

adapted with permission from (Mogessie et al., 2018). 
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Spermatogenesis 

Mammalian spermatogenesis consists of three phases: mitotic division 

of spermatogonia, meiotic division of spermatocytes, and maturation of 

round spermatids (Griswold, 2016). Spermatogenesis starts with the 

mitotic division of spermatogonia stem cells located closely on basal 

layer of seminiferous tubules. Mitotic division of the spermatogonia 

stem cells gives rise to two types of spermatogonia: type A cells 

replenish the stem cells by homonymous division to maintain the 

spermatogonia population, and type B cells differentiate into primary 

spermatocytes (Kubota and Brinster, 2018). Primary spermatocytes then 

enter meiotic preleptotene with chromosome paired and synaptonemal 

complexes assembled SC (zygotene) before completing recombination 

(pachytene). Chromosome next disassemble the SC (diplotene) (Cobb 

and Handel, 1998). The paired homologous chromosomes align along 

the metaphase plate and segregate later at anaphase stage.  After going 

through telophase, secondary spermatocytes undergo a brief interphase 

without DNA synthesis followed by the second meiotic division to 

produce round spermatid. During spermiogenesis, spermatid develops 

from a round cell shape with a round nucleus into a streamlined head 

with a condensed nucleus, as well as a tail important for motility 

activities. Upon passing through the head and tail of epididymis, 

spermatozoa acquire the ability to mobilize and develop into mature 

sperm (Jin and Yang, 2017) (Figure 4). 



INTRODUCTION 
 

 
 

10 

                

! "#$%&'@)'=19&62-"1'%&:%&3&+-2-"5+'5,'3:&%62-5#&+&3"3) Primary spermatocytes 

undergo meiosis I result in secondary spermatocytes and produce the spermatids 

through meiosis II. Spermatids undergo the morphological changes to produce 

mature spermatozoa. The figure was adapted with permission from (Lopez-

Jimenez et al., 2022). 
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1'0%4&.5.($64%3-"'7'"3+0$"&$%,+

Microtubules (MTs) are essential for organization of spindle apparatus 

which accurately separate the chromosomes to ensure genetic stability 

during cytokinesis. Outgrowth of MTs by nucleation is initiated at 

microtubule-organizing centers (MTOCs), a structure identified as 

organizing, stabilizing, or anchoring the minus-terminus of MT. With 

more and more research on microtubule nucleation, the components and 

functions of various non-centrosomal microtubule-organizing centers 

(ncMTOCs) have begun to be more and more elucidated (Figure 5). 

! "#$%&'A)'B "1%5-$?$.&'5%#2+"C2-"5+'2-'3:"+;.&':5.&)' The dashed square shows 

magnification of the spindle pole where MT motors and MT-associated proteins 

organize MT minus ends. MT are in green. The figure was adapted with permission 

from (Bennabi et al., 2016). 

Centrosomal MTOCs 

The centrosome is a non-membrane bound organelle composed of two 

centrioles surrounded by pericentriolar material (PCM) (Figure 6). The 

PCM contains various proteins which are involved in the microtubule 

nucleation including γ-tubulin, pericentrin and CDK5RAP2 (Choi et al., 



INTRODUCTION 
 

 
 

12 

2010; Wieczorek et al., 2020; Zheng et al., 1995). Centrioles are the 

cylindrical structures characterized by evolutionarily conserved radial 

nine-fold symmetry. In vertebrates, each centrioles are composed of 

nine triplet microtubule blades arranged circumferentially with a 

cartwheel shape (Avidor-Reiss and Gopalakrishnan, 2013). The wall of 

a fully mature centriole carries two sets of appendages: distal 

appendages and subdistal appendages, which are required for anchoring 

cytoskeletal microtubules.  

 
! "#$%&'D)'=19&62-"1'%&:%&3&+-2-"5+'5,'E&+-%5356&'3-%$1-$%&)'The centrosome 

consists of mother centriole and daughter centriole, embedded in the pericentriolar 

material (PCM). The figure was created using PowerPoint. 

The structure, function, and number of centrosomes regulated by 

centrosome duplication are subject to strictly control within cells. 

Centrosome dysfunction can generate supernumerary centrosomes, 

abnormal spindles, and genomic instability (Nigg and Holland, 2018). 

Therefore, tight temporal control of centriole duplication is critical to 

!"#

$%&'()*+,-*.)+/01*,

#/-+0)&2&1*3

4.)*+-0..*-)/.', 5/2*+3

#0)(*+,-*.)+/01*,



INTRODUCTION 
 

 
 

13 

ensuring that each dividing cell has only two centrosomes. Much 

progress has been made towards understanding the molecular 

mechanism between centrosomes and cancer. The regulatory 

mechanism of centrosome duplication in meiosis and its effects on 

fertilization remains to be investigated. 

Non-centrosomal MTOCs 

In the absence of typical centrosomes, microtubule nucleation and 

spindle pole formation can occur through alternative pathways and the 

involvement of functional proteins. The RanGTP pathway has been well 

described as present in a gradient around chromosomes both in mitotic 

and meiotic cells. One essential RanGTP target is nuclear protein TPX2, 

which plays multiple roles during spindle pole assembly (Scrofani et al., 

2015). Additionally, some functional proteins are capable of nucleating 

microtubules. In mouse oocytes, acentriolar MTOCs (aMTOCs) consist 

of PCMs including γ-tubulin and pericentrin, play the critical role in the 

spindle pole organization and accurate chromosome segregation (Gueth-

Hallonet et al., 1993; Ma and Viveiros, 2014). In Xenopus egg extracts, 

dynein and kinesin-14 shape the spindle poles by focusing microtubule 

minus ends in these regions (Walczak et al., 1998). In Drosophila 

oocytes, minispindles (Msps) and drosophila tumor antigen calmodulin-

like (D-TACC) are critical microtubule-associated proteins that play a 

vital role in the stabilization and organization of the acentrosomal 

meiotic spindle (Cullen et al., 1999; Gergely et al., 2000). D-TACC, 

along with Msps, is recruited to the spindle poles for organizing the 

microtubules to ensure proper spindle architecture and maintain the 

bipolarity of acentrosomal spindles (Cullen and Ohkura, 2001). Despite 
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the wide range of ncMTOCs identified in many diverse cell types, the 

composition and mechanisms remain to be further explored. 

8)"$'"*+04294,'&'4"+-"/+,&%.0&.%$+

Dynein was originally identified 50 years ago as an ATPase in 

Tetrahymena pyriformis cilia and named by Gibbons and Rowe 

(Gibbons, 1963; Gibbons and Rowe, 1965). From a structural and 

functional point of view, dyneins are broadly divided into two major 

classes: cytoplasmic dynein, and axonemal dynein.  

Cytoplasmic dynein 

Cytoplasmic dynein 1 

The cytoplasmic dynein 1 complex is involved in the intracellular 

transport activities of various! cargoes including mRNA, organelles, 

chromosomes, endosomes, viruses, and protein complexes. The core of 

cytoplasmic dynein 1 is two heavy chains containing a ring of six AAA 

domains, which together act as an ATPase that binds and hydrolyzes 

ATP to generate movement along microtubules (Palmer et al., 2009; 

Roberts et al., 2013). The dynein heavy chain is 4,634 amino acids long 

and contains a C-terminal motor domain and an N-terminal tail domain 

(Reck-Peterson et al., 2018)(Figure 7). The tail of dynein heavy chain is 

essential for the homodimerization and forms a scaffold for other dynein 

subunits, including two dynein intermediate chains (DICs), two light 

intermediate chains (LICs) and several different light chain dimers. 

Currently, the identified light chains are divided into: DYNLL1, 

DYNLL2, DYNLT1, DYNLT3, and Roadblock-type family mostly 

known as DYNLRB1 and DYNLRB2. The dynein complex works in 
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conjunction with dynactin, another multi-subunit complex, which 

directly interact with the N terminus of dynein intermediate chain 

through a conserved region (Karki and Holzbaur, 1995; King et al., 

2003). Dynactin is built around a filament of the protein encoded by 

actin-related protein 1A which is necessary for activating dynein and 

regulating its binding to different cargoes and specific cargo adapter 

proteins (Xiang and Qiu, 2020).  

 

! "#$%&'F)'E/-5:.236"1';/+&"+'156:.&G&3) (a)'Cytoplasmic dynein 1 complex. (b) 

Cytoplasmic dynein 2 complex. The figure was adapted with permission from 

(Braschi et al., 2022). 

Cytoplasmic dynein 2 

The cytoplasmic dynein 2 is found in the cells associated with cilia or 

flagella (Hook and Vallee, 2006). Like cytoplasmic dynein 1 structure, 

dynein 2 is built around two copies of cytoplasmic dynein 2 heavy chain 

1 (DYNC2H1) with motor domain and N-terminal region (Mikami et al., 
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2002; Schmidt et al., 2015). The two heavy chains are mostly maintained 

as a homodimer, but additionally can form a heterodimer in the protist 

Trypanosoma brucei (Blisnick et al., 2014). The light-intermediate chain 

connects to the tail of each heavy chain for stabilizing its structure 

(Toropova et al., 2019).  Dynein-2 contains two different intermediate 

chains encoded as DYNC2I1 and DYNC2I2 with a heterodimer formed 

at the core of the tail and validated as WD repeat-containing protein 60 

(WDR60) and WD repeat-containing protein 34 (WDR34) (Asante et al., 

2014). The extended N-terminal regions of these intermediate chains are 

dimerized by dynein light chain Roadblock (DYNLRB) protein (Asante 

et al., 2014) (Figure 7). Several subunits in dynein-2 are common to 

dynein-1. These include TCTEX-1 (also known as DYNLT1) and 

TCTEX-3 (DYNLT3), roadblock-1 (DYNLRB1) and roadblock-2 

(DYNLRB2), as well as the LC8-1 and LC8-2 light chains, referred to 

as DYNLL1 and DYNLL2, respectively. 

Axonemal dynein 

Axonemal dyneins are docked onto doublet microtubules inside cilia to 

drive motile cilia beating, a process critical for ciliary motility (King, 

2016; Mali et al., 2021). Axonemal dyneins are attached to the doublet 

microtubules in two continuous rows known as outer dynein arm (ODA) 

and inner dynein arm (IDA). The dyneins within these arms have 

different molecular compositions and roles. The heavy-chain amino-

terminal segments in ODA and IDA bind an additional subcomplex 

consisting of two intermediate chains (DICs) (DNAI1 and DNAI2) and 

a number of dynein light chains (DLCs), belonging to three conserved 

classes (namely, DYNLL1/2 or LC8, DYNLT1 or Tctex1, and 
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DYNLRB1/2, roadblock, or LC7). IDAs include a double-headed 

dynein and six single-headed dyneins, with each of these containing 

distinct DHCs, various DICs and DLCs (Braschi et al., 2022) (Figure 8). 

In addition to the monomeric dyneins, several minor dyneins were 

identified in greatly reduced quantity. However, the functional roles of 

these special minor isoforms remain to be further investigated.  

 

! "#$%&'H)'IG5+&62.';/+&"+' 156:.&G&3) (a) Axonemal ODA. The subunits found 

in ODA complexes in respiratory cilia are in purple text, and green text indicates 

subunits of ODA complexes in sperm flagella. (b) Axonemal inner arm I1/f 

complex subunits (IDA). The figure was adapted with permission from (Braschi!

"#!$%&, 2022). 
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The duplicated genome of a cell is segregated accurately into two 

daughter cells such that each receives a single complete genome. For 

this to happen, bipolar spindle formation and accurate chromosomes 

segregation are crucial for cell division. Each different step contributes 

to faithful cytokinesis of normal daughter cells with the help of dynein. 

The following sections will review the essential roles of dynein in the 

multiple processes including centrosome separation, spindle 

organization, chromosome segregation, and the spindle assembly 

checkpoint. 

Dynein in centrosome separation 

Centrosome separation is one of the earliest steps in the formation of a 

bipolar spindle. Premature and insufficient centrosome segregation can 

result in sister chromatid mis-attachment and chromosome segregation 

errors, which finally lead to aneuploidy (Silkworth et al., 2012). 

Therefore, understanding the forces acting on centrosome separation is 

a critical question for genome stability. Roles of dynein in late 

G2/prophase are not only in tethering the centrosomes to the nuclear 

envelope (NE) via astral spindles (Splinter et al., 2010), but pushing the 

centrosomes apart through antiparallel microtubules sliding (Gonczy et 

al., 1999; Robinson et al., 1999). Several dynein cofactors were reported 

in recruiting the dynein to the NE in G2 stage. BICD2, as one of the 

representatives, interacted with dynein and tethered to the nuclear pore 

via RANBP2 (Splinter et al., 2012). Meanwhile, Nde1/L1 were another 

dynein cofactors and depletion of Nde1/L1 resulted in centrosome 
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detachment from the nucleus. Additionally, Nde1/L1 were recruited to 

the nuclear pores in prophase with centromere protein F (CENP-F) and 

Nup133, which suggested that this pathway might contribute to dynein 

activity at the NE (Bolhy et al., 2011). Eg5 is a kinesin-5 motor protein 

that plays a crucial role in the separation of centrosomes during mitosis. 

It functions by generating force through its plus-end directed motility, 

which helps to push centrosomes apart for the spindle organization 

(Raaijmakers et al., 2012). However, when Eg5 activity decreased or in 

the cells lacking Eg5 activity, NE-associated dynein functionally 

replaced Eg5 in separating centrosome (Raaijmakers et al., 2012). 

Dynein in spindle bipolarity 

Dynein is established to function in the process of bipolar spindle 

organization, including spindle assembly, spindle pole focusing, spindle 

shape, spindle orientation and spindle position. Antagonism of dynein 

together with the Eg5 protein has been shown to regulate antiparallel 

overlapping sliding on microtubules, which is critical for spindle 

assembly (Kashina et al., 1996). Microinjection of antibodies against 

human Eg5 (HsEg5) leads to monoastral microtubule formation (Blangy 

et al., 1995). However, inhibition of dynein or the dynein-binding 

protein Lis1 can rescue the bipolar spindle formation in cell deficient of 

Eg5 (Florian and Mayer, 2012). Dynein was proved to function in 

spindle pole focusing in the early of 1990s. It was proposed that spindle-

pole formation in absence of centrosomes requires cytoplasmic dynein-

dependent translocation of microtubules (Heald et al., 1996). Dynein as 

well as Eg5 generate directional forces between pairs of microtubules 

crosslinked to regulate the spindle morphology in maintaining normal 
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length and width. Eg5 inhibition using monastrol by disruption of 

ATPase Activity to block Eg5 function finally resulted in spindles 

collapse into radial and monopolar microtubule arrays in metaphase 

(Mitchison et al., 2005). Correspondingly, perturbation of dynein 

function by the antibody 70.1 and vanadate led to abnormal spindles 

with no steady-state shape, splaying of spindle poles and microtubule 

bundles extending against the cell cortex in an irregular manner (Gaetz 

and Kapoor, 2004). Inhibiting both motors dynein and kinesin led to 

normal bipolar spindles with approximately same length and shape as 

that in control (Mitchison et al., 2005).  

Dynein in spindle assembly checkpoint silencing 

Once all kinetochores and microtubule have established correct and 

stable attachments, spindle assembly checkpoint (SAC) is deactivated 

to allow chromosome segregation and anaphase transition. The SAC is 

of great significance in accurate chromosome segregation and proper 

cytokinesis (Musacchio and Salmon, 2007).  SAC regulation is required 

for the proteins BubR1, Bub3, Mad2, cofactor and activator of APC/C, 

Cdc2. Kinetochore-localized dynein is suggested to play an important 

role in silencing SAC by transporting certain SAC proteins off 

kinetochores toward spindle poles. The dynein/dynactin complex can 

transport proteins such as Rod away from kinetochore to spindle poles 

along k-fibers (Wojcik et al., 2001). Inhibition of dynein by anti-dynein 

antibody injection blocked kinetochore outer domain protein transported 

to the spindle poles and prevented Mad2 removal from attached 

kinetochores (Howell et al., 2001). However, detailed changes of the 

subunits or structure in dynein complex responsible for initiating 
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motility are not yet fully understood, nor the role for dynein-cofactors 

such as dynactin. 

Dynein in chromosome segregation                     

When all kinetochores have established stable attachments to the spindle, 

the spindle assembly checkpoint is satisfied. The cell then transits from 

metaphase into anaphase. Chromosome segregation requires a bipolar 

microtubule-based spindle that connects to chromosomes via their 

kinetochores. Chromosomes in most cells could be segregated by 

moving towards spindle poles and by virtue of the two spindle poles 

moving apart from spindle elongation (Maiato and Lince-Faria, 2010). 

One important function of dynein is to drive poleward chromosome 

motility within the spindle. Inhibition of dynein severely reduced the 

rate of chromatid-to-pole motion during anaphase, resulting in severe 

disruption of sister-chromatid separation (Sharp et al., 2000). The rate 

of poleward chromosome movement was greatly reduced, and some 

chromosome never separated in anaphase. The maximum rate of a 

mono-oriented chromosome with immediately poleward movement 

after microtubule attachment is consistent with the rate of dynein 

movement in vitro. More concretely, in dynein-deficient cells, the 

velocity for chromosome movement throughout the anaphase decrease 

from 2 μm per minute to 0.5 (Savoian et al., 2000).  

DYNLRB1 and DYNLRB2 

The LC7 family of Roadblock were initially identified in Drosophila 

melanogaster in a genetic screen for axonal transport mutants. 

Specifically, Drosophila mutants with larvae exhibiting sluggish 
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motility led to the identification of the Roadblock gene (Bowman et al., 

1999). Meanwhile, Roadblock homologs in bacteria belong to an ancient 

family of proteins implicated in NTPase regulation (Koonin and 

Aravind, 2000). The Roadblock family of light chains (LCs) have been 

found in both cytoplasmic and axonemal dyneins (Braschi et al., 2022). 

Roadblock family bind directly to cytoplasmic intermediate chain of 

dynein and form both homo and heterodimers which leads to an 

energetically favorable bivalent-bivalent interaction (Nikulina et al., 

2004; Susalka et al., 2002). LC7b/ Roadblock in Chlamydomonas 

flagellum is also interacted directly with the γ outer arm of dynein HC 

motor domain with regulatory role for assembly and stability of this 

dynein motor (DiBella et al., 2004). Interaction of cargo complexes with 

distinct IC/LIC/LC isoforms present in discrete subsets of dynein 

provides important mechanisms for dynein motor to generate useful 

work. 

DYNLRB1 is widely found as a part of cytoplasmic dynein across 

numerous tissues including brain, liver, kidney, and testis. DYNLRB1 

levels undergo significant changes in response to light stimuli in the rat's 

visual cortex (Ye et al., 2000). Two human homologues of 

Roadblock/LC7-like, DNLC2A and DNLC2B, were identified with 87% 

similarity. Interestingly, DNLC2A was highly expressed in liver, while 

DNLC2B was only slightly expressed (Jiang et al., 2001). The distinct 

Roadblock/LC7-like proteins present in the same organism may 

facilitate the formation of diverse dyneins with different functions or 

contribute to the tissue-specific expression of diverse dyneins. This 

expression pattern also identified in mouse testis where the two isoforms 
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DYNLRB1 and DYNLRB2 share 75% sequence similarity (figure 9). 

During mouse testis development, DYNLRB1 is primarily expressed the 

mitotic part of spermatogenesis, while DYNLRB2 exhibits both cell-

specific and stage-specific expression patterns during meiosis and some 

levels in spermatids as detailed in paper I. This pattern suggests that 

different subtypes of cytoplasmic dynein exist during mouse 

spermatogenesis within the Roadblock LC, each containing distinct 

components. When analyzing the structure, the overall fold of 

DYNLRB1 and DYNLRB2 consists of two α-helices (α1-α2) and a five 

stranded antiparallel β-sheet (β1-β5) connected by six loops (L1-L6), 

which is similar with the structure reported in (Ilangovan et al., 2005). 

The alteration at the second amino acid position between DYNLRB1 

and DYNLRB2 leads to changes in the length and spatial orientation of 

the α1 helix. The α1 helix is crucial for stabilizing protein structure and 

facilitating molecular interactions in active sites or transmembrane 

regions. This structural difference may potentially impact the protein's 

folding, stability, and overall function (figure 9). To sum up, the 

diversity of dynein forms is significantly influenced by the presence of 

either DYNLRB1 or DYNLRB2 homodimers, the DYNLRB1/2 

heterodimers, or the absence of Roadblock proteins altogether. The 

presence of distinct Roadblock dimers on different populations of 

dynein particles potentially provides different mechanism for specific 

function. 
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The protein sequence was downloaded from uniprot web 

(https://www.uniprot.org/). The structure of the DYNLRB1 protein were 

downloaded from the Protein Data Bank (PDB) database (Song et al., 2005). The 

structure of the DYNLRB2 protein were predicted using AlphaFold web server 

(https://golgi.sandbox.google.com/about)(Abramson et al., 2024). The pink and 

red color represent different amino acids between DYNLRB1 and DYNLRB2, 

respectively. 

DYNLRB1 and DYNLRB2 have been shown to play crucial roles in 

various cellular processes, with distinct functional differences between 

the two isoforms. In neuronal cells, DYNLRB1 knockdown impairs 

neurite outgrowth, axonal transport, and retrograde signaling (Rishal et 

al., 2012). A complete knockout of DYNLRB1 was recently found to be 

embryonic lethal, highlighting its critical role in early development 

(Terenzio et al., 2020), while DYNLRB2 KO was relatively available, 

suggesting the existence of different functions between DYNLRB1 and 
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DYNLRB2. One of their key functions involves their participation in 

TGF-β signaling pathways, where they act as TGF-β receptor II (TβRII)-

interacting proteins. A kinase-deficient form of TGFβ RII prevents both 

Roadblock/ LC7 interaction with the dynein intermediate chain (DIC) 

(Tang et al., 2002). TβRI and TβRII receptors are the key components 

of the TGFβ signaling pathway, binding to TGFβ to regulate cell growth, 

induce extracellular matrix synthesis and activate members of the Smad 

family of signal transducers (Hata and Chen, 2016; Massague et al., 

2000; Yue and Mulder, 2001). Smad2 and Smad3 are closely related 

TGFβ downstream effectors with 92% amino acid sequence similarity, 

while Smad2 and Smad3 possess differential sensitivities in relaying 

TGFβ signaling and have distinct roles in regulating early 

developmental events (Brown et al., 2007; Hata and Chen, 2016). 

Research has demonstrated that blockade of DYNLRB1 expression by 

siRNA resulted in a reduction in the total intracellular Smad2 levels (Jin 

et al., 2007). In contrast to the DYNLRB1 isoform, blockade of 

DYNLRB2 expression using siRNAs decreased key TGFβ/Smad3-

specific responses, but not a Smad2-specific responses. Interestingly, 

the inhibition of DYNLRB1 has no effect on Smad3-related TGF-β 

signaling under similar experimental conditions (Jin et al., 2009). 

Collectively, DYNLRB2 appears to have unique functions in TGF-β 

signaling, which are distinct from those of DYNLRB1. In addition, 

distinct dynein complex with DYNLRB1 and DYNLRB1 exhibited 

different regulation in the spindle polarity in cell division, as explained 

in the later section of the discussion. While DYNLRB1 and DYNLRB2 

share protein sequence similarities, their functional roles in cellular 
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processes are distinct. The contributions of each dynein complex 

defined by DYNLRB1 and DYNLRB2 highlight the importance of their 

differential regulation in ensuring proper cellular function. 
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Aims 

The overall aim of this thesis was to investigate the role and functional 

mechanism of different dynein light chain DYNLRB1 and DYNLRB2    

in mitosis and meiosis. The specific aims of the papers in this thesis are: 

Paper I 

! "To investigate the mechanisms of multipolar spindle formation after 

Dynlrb2 KO in meiotic spermatocyte and Dynlrb1 KD in mitotic cell. 

! "To explore the regulation of Dynlrb1 and Dynlrb2 on centrosome and 

NUMA enrichment at meiotic and mitotic spindle pole. 

Paper II 

!  To characterize the possible functions of Dynlrb2 in ciliogenesis."

!  To investigate the involvement of Dynlrb2 in sperm development 

during spermiogenesis."

Paper III 

!  To investigate the roles and functional mechanism of Dynlrb1 in 

mouse oocyte."

!  To explore the regulation of Dynlrb1 on mouse oocyte asymmetric 

division.
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Materials and Methods 

 

 

Paper I 

Mouse model: Dynlrb2! "!  mice (C57BL/6N-A<tm1Brd> 

Dynlrb2 <tm1a(KOMP)Wtsi>/WtsiOrl) 

Cell lines: Human Embryonic Kidney (HEK) 293 cell, 

B16-F1 murine melanoma cell 

Plasmids: pET28c+, pB27, pGBKT7, pGBKT7, 

pCAGGFP  

Methods: hematoxylin and eosin staining, spermatocyte 

spreading, seminiferous tubule squash, western blotting, 

reverse transcription PCR, sucrose density gradient 

analysis, siRNA knockdown, immunostaining, mouse 

embryonic fibroblasts cell culture, immunoprecipitation, 

mouse ear fibroblasts cell culture, TdT-mediated dUTP 

nick-end labeling assay, antibody production, fluorescence 

and western blotting band intensity analysis, single-cell 

RNA sequencing, yeast two-hybrid assay(Y2H). 

 

 

 

 

Paper II 

Mouse model: Dynlrb2! "! !mice (C57BL/6N-A<tm1Brd> 

Dynlrb2 <tm1a(KOMP)Wtsi>/WtsiOrl) 

Plasmids: pCAGGFP, pET28c+ 

Methods: sperm spreading, oocyte collection and staining, 

follicle analysis, fertility assay, histological analysis, cell 

and testis immunoprecipitation, western blotting, plasmid 
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transfection, immunostaining, fluorescence, and western 

blotting band intensity analysis. 

Paper III Mouse model: ICR mice 

Methods: oocyte collection and culture, oocyte injection, 

oocyte siRNA knockdown, immunofluorescence stanning, 

actin analysis, spindle structure measurement, cortical 

granules staining, fluorescence analysis.  
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This section summarizes and discuss the key results from papers I, II, 

and III. For more in-depth information, the complete papers are provided 

at the end of the thesis book. 

Paper I!

In this research, we demonstrated the functional mechanisms of distinct 

dynein complexes defined by light chain DYNLRB1 and DYNLRB2 in 

the bipolar spindle formation during mitosis and meiosis.  

DYNLRB1 and DYNLRB2 were firstly identified as exhibiting distinct 

expression patterns in the adult mouse testis, with DYNLRB1 primarily 

expressed during the mitotic phase of spermatogenesis, while 

DYNLRB2 shows high expression levels in meiotic spermatocytes and 

spermatozoa. Differential expression patterns of DYNLRB1 and 

DYNLRB2 in testis at different space and time, highlight key, non-

overlapping roles for each dynein complex in testicular development 

and spermatogenesis. Similar distinct expression patterns have also been 

reported in the liver organ suggesting a potential conserved role across 

different organisms (Jiang et al., 2001). The cell-specific localization 

differences between DYNLRB1 and DYNLRB2 may lead to variations 

in their interaction with other dynein subunits with potential 

implications for specific biological functions, same as the existence of 

different actin (Nietmann et al., 2023). Notably, DYNLRB2 has been 

found in our analysis to be associated with certain actin-related proteins 

including Alpha-Actinin-4 and NEXN, whereas DYNLRB1 does not 

show this connection. 
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Dynein accumulates on the telomere-nuclear envelope attachment sites, 

driving both chromosome movement and pairing during prophase. 

(Morimoto et al., 2012; Shibuya et al., 2018; Shibuya et al., 2014). 

However, unlike other dynein subunits, no telomere-localized 

DYNLRB2 was detected in prophase I spermatocytes in our analysis. 

Correspondingly, in Dynlrb2 KO spermatocytes, chromosome 

movement and pairing during prophase I occur normally according to 

our observations!  In contrast, we observed strong focal signals of 

DYNLRB2 at the spindle poles in metaphase I and II spermatocytes, 

along with faint signals at the kinetochores which was in accordance 

with dynein localization reported (Monda and Cheeseman, 2018). 

During metaphase I, Dynlrb2 KO spermatocytes exhibited with 

multipolar spindles accompanied with abnormally widened, elongated, 

and misoriented spindles. DYNLRB2 likely plays a critical role in 

maintaining normal spindle organization, possibly in collaboration with 

NUMA regulation in metaphase spermatocytes. Dynein and NUMA are 

essential for minus-end clustering, which helps stabilize spindle shape 

at a steady state. Depletion or knockdown of dynein and NUMA 

expression led to significantly disordered and enlarged microtubules 

(Hueschen et al., 2019). Meanwhile, NUMA, as a critical component of 

the LGN-Gαi-NUMA complex, attached to astral microtubules and 

mechanically stabilizing spindle orientation (Zheng et al., 2013). Most 

notably, in Dynlrb2 KO spermatocytes, the poleward concentration of 

NUMA was significantly disrupted. NUMA localization at spindle poles 

mostly depends on the meiosis-specific DYNLRB2-containing dynein 

complex in male meiosis I. Our results pertaining to DYNLRB2 during 
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male meiotic events lend credence to the perspective that DYNLRB2-

dynein plays a crucial role in the localization of NUMA at spindle poles. 

This is in alignment with the published findings that a fragment of 

NUMA at the N-terminus associates with dynein via interactions with 

the light intermediate chain (LIC) subunits (Renna et al., 2020). 

In addition, we have found DYNLRB2-dynein contributes to spindle 

organization by another important mechanism to ensure proper 

formation of the pericentriolar material and centriole disengagement. 

Although Dynlrb2 depletion does not affect Ndc 80, Plk1, Eg5, dynactin 

and other dynein subunits localization, NUMA localization and 

regulation were impaired in KO metaphase spermatocyte. The centriole 

disengagement at the arrested metaphase is likely to be caused by 

downregulation of the END (Emi1/NUMA/Dynein) complex with 

separase release to cleavage centrioles cohesin in advance (Ban et al., 

2007). Another possibility is that structural PCM components may play 

an important role in maintain centriole cohesion, some of which are 

transported by DYNLRB2-dynein complex. Of this, pericentrin is 

particularly interesting one since it directly interacts with LIC1 but not 

LIC2 and is cleaved directly by separase (Purohit et al., 1999). 

Our research delineated the consequences of DYNLRB1 suppression on 

mitotic cell progression and assembly processes of mitotic spindles. 

DYNLRB1 knockdown resulted in metaphase stage arrested with the 

multipolar spindle and the presence of atypical telophase cells indicating 

with possible cytokinesis defect, which was similar with dynein light 

intermediate chain 2 in facilitating the metaphase to anaphase transition 

(Mahale et al., 2016). In addition, depletion of dynein intermediate chain 
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LIC1/2 and dynein heavy chain DHC also led to multipolar spindles, 

frequently exhibiting poles that lacked definitive focus and apparent 

disarray of chromosomes (Hueschen et al., 2017; Jones et al., 2014). A 

series of striking cellular abnormalities were discovered accompanying 

multipolar spindles"  notably the overduplication of centrioles and 

fragmentation of the pericentriolar material, which were integral to 

proper cell cycle progression and spindle organization (Jones et al., 

2014) . In addition, DYNLRB1 is instrumental in ensuring the robust 

and sustained concentration of nuclear mitotic apparatus protein 

(NUMA) at the poles of mitotic spindles in human and mouse cell lines 

in this study. Our results suggested that the roles of DYNLRB1 in the 

mitotic processes exhibited a degree of evolutionary conservation across 

different biological species.  

DYNLRB1 and DYNLRB2 was proved in our results to have 

interchangeable roles that the expression of RNAi-resistant"#$ -

DYNLRB2 restored spindle multipolarity caused by the Dynlrb1 KD. 

We introduced either FLAG-tagged human DYNLRB1 or FLAG-

tagged human DYNLRB2 into HeLa cells, which were already stably 

expressing GFP-tagged dynein heavy chain. Subsequently, the active 

GFP-tagged dynein complexes were isolated through FLAG-tag 

immunoprecipitation. Single-molecule analyses revealed that each of 

dynein complexes exhibited processive movement along microtubules 

polymerized in vitro, demonstrating similar velocities. It suggested that 

DYNLRB1 and DYNLRB2 might have overlapping roles in stabilizing 

dynein motor complexes or in regulating their activity. The current 
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results raise the possibility of the potential of DYNLRB1 to functionally 

compensate for DYNLRB2 within male meiotic cells.  

Paper II 

In this project, we extensively analyzed the importance of DYNLRB2 

from ciliogenesis to spermiogenesis. DYNLRB2 has multiple important 

cellular and physiological roles in the centrosome regulation and sperm 

maturation during spermiogenesis. 

During the ciliogenesis, axonemal components are transported to the 

growing cilium through a dynamic mechanism that requires axonemal 

dynein (Ishikawa, 2017). Axonemal dynein dysfunction is therefore 

associated with cilia dysfunction, a disorder with well-characterized 

phenotypes, referred to ciliopathies. Mutations in genes for axonemal 

dynein assembly resulted in combined inner and outer dynein arms 

defects accompanied by ciliary dyskinesia (Mazor et al., 2011; Olbrich 

et al., 2002; Omran et al., 2008). As expected, knockdown or mutations 

in axonemal dynein heavy chains, intermediate chains and light chains 

caused dynein dysfunction associated with varying degrees of ciliary 

disease (Horvath et al., 2005; Kobayashi et al., 2010; Whitfield et al., 

2019). DYNLRB2, as an essential light chain for the axonemal dynein 

assembly, its deficiency resulted in diverse ciliopathies-associated 

phenotypes. The loss of DYNLRB2 function contributes significantly to 

ciliary defects, underscoring its importance in axonemal dynein 

assembly and ciliogenesis, similar to other dynein subunits whose 

mutations are well-documented causes of ciliopathies (Antony et al., 

2021). DYNLRB2 is not only required for cytoplasmic dynein-mediated 
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process within the cell but is also integral to the formation and function 

of cilia during development.  

Sperm flagella are important part of the group of eukaryotic motile cilia. 

During spermiogenesis, DYNLRB2 was localized around the centrioles 

of post-meiotic spermatids. The most remarkable phenotype we 

observed in Dynlrb2%&%!mice testes was an increased number of abnormal 

sperm during post-meiotic germ cell development. Defects in 

spermiogenesis lead to the declined quality and quantity of sperm, which 

was a major cause of male infertility (Azhar et al., 2021). Dynlrb2%&%!

mice produced malformed spermatozoa due to defective spermiogenesis. 

This defect was histologically characterized by defective elongated 

spermatids with abnormal sperm head that were observed in KO testes. 

Aberrant sperm heads are frequently attributed to malformed manchette 

development during spermiogenesis (Lehti and Sironen, 2016). Alpha-

tubulin localization at different stages of spermatid development in 

Dynlrb2%&%!testis revealed abnormal microtubule assembly, suggesting 

the role of DYNLRB2 in manchette formation. Multiple studies on 

genes related to spermiogenesis indicated that abnormal manchette 

development led to changes in sperm head shape (Liu et al., 2015; 

Mendoza-Lujambio et al., 2002; Umer et al., 2021). Another interesting 

finding is shortened, missing or abnormally shaped sperm flagella in 

Dynlrb2 KO males. Together, these defects explain the absence of 

spermatozoa in the tubule sections of Dynlrb2 KO epididymides. Genes 

encoding the components for axonemal dynein assembly are required 

for sperm flagellogenesis and mutations in these genes cause 

dysfunction of axonemal dynein arms with identifiable changes in 
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abnormal sperm flagellar morphology (Samant et al., 2005; Song et al., 

2020). Consistent with previous findings, the severe phenotypes 

observed in Dynlrb2 KO male spermatozoa likely indicate the 

indispensable role of DYNLRB2 during sperm development. 

The centrioles in connection of sperm head and tail and axoneme 

development are critical for the formation of a functional spermatozoon 

during spermiogenesis. The proximal centriole in the spermiogenesis 

becomes associated with the nucleus and contributes to the formation of 

centriolar adjunct (Avidor-Reiss et al., 2020). The distal centriole gives 

rise to the base of the axoneme, thereby joining the head and the tail of 

the sperm. A properly functional centrosome is crucial for the timely 

progression of spermatogenesis and the subsequent phase of 

spermiogenesis. We have shown that post-meiotic Dynlrb2 KO round 

spermatids do possess two centrioles. The centrosomal core proteins 

including SAS6, STIL, PCNT and CNAP-1 formed normally in the 

Dynlrb2-deficient spermatids. In addition, genetic abnormalities of 

centriolar satellite components PCM1 can compromise cilia formation 

and contribute to the ciliopathy’s disorders including sperm defects 

(Hall et al., 2023). Interestingly, we found that DYNLRB2 co-

immunoprecipitated with PCM1, suggesting the existence of a dynein-

PCM1 complex in mouse testis and this complex included DYNLRB2. 

On a molecular level, loss of Dynlrb2 might lead to downregulation of 

centriolar satellites, resulting in deregulation of centrosome remodeling 

followed by serious cilia defects we identified in Dynlrb2 KO mice. 

Together, our work on DYNLRB2 KO mice successfully characterized 

the spermiogenesis and ciliopathy-associated phenotypes. The results 
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further demonstrated the importance of DYNLRB2 in maintaining 

normal spermiogenesis and ciliogenesis. The implications of diverse 

ultrastructural abnormalities in centrioles of mature spermatozoa on 

male fertility remain under-researched. Our research established an 

effective Dynlrb2 knockout model for exploring the potential and 

underlying mechanisms of a connection between sperm centrioles and 

male infertility. 

Paper III 

In this paper, our aim is to investigate the possible roles and functional 

mechanisms of DYNLRB1 in mouse oocyte meiosis with the focus on 

the asymmetric cytokinesis. 

Oocyte meiosis is a critical process in female gametogenesis, involving 

a series of well-orchestrated cell divisions that are necessary for proper 

reproductive function. Our previous studies showed that DYNLRB1 

downregulation caused mitotic progression arrest and division failure in 

mouse B16 and HEK 293 cells (He et al., 2023). In meiosis, the effect 

of DYNLRB1 downregulation on mouse oocytes were unknown and 

firstly assessed by siRNA injection analysis. Another dynein light chain 

TCTEX-type 3 (DYNLT3) localized around the germinal vesicle and 

associated with kinetochores at the germinal vesicle breakdown stage, 

metaphase I and metaphase II during mouse oocyte meiosis. Depletion 

of DYNLT3 in oocyte caused to the metaphase arrest and misaligned 

chromosome, ultimately leading to the defects of polar body extrusion 

(Huang et al., 2011). Additionally, dynein inhibitor delayed the oocytes 

meiosis process and mouse oocytes were blocked at germinal vesicles 

(GV) stage or MI to anaphase transition (Wang et al., 2004). To 
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investigate the oocyte meiotic progression, we observed two critical 

developmental events during oocyte meiosis GVBD (germinal vesicle 

breakdown) and PBE (polar body extrusion). The quantification 

indicated that nearly 30%-40% of oocytes in DYNLRB1 KD group 

displayed GVBD compared with more than 85% in the control. The 

analysis in the polar body extrusion indicated that DYNLRB1 silencing 

resulted in failure of oocyte polar body extrusion. Same phenotype was 

also identified in the anti-dynein antibody injected mouse oocytes with 

only 41.5%, 60.7%, and 75.3% oocytes released the first polar body, 

compared to 75.6%, 81.8%, and 85.5% in control oocytes, showing a 

significant difference (Zhang et al., 2007). Moreover, the oocytes 

extruded the large polar body and failed to divide asymmetrically, 

suggesting the failure of asymmetric cell cytokinesis.  

To investigate the functional mechanism for this cytokinesis defect, the 

exploration on actin and spindle formation were investigated in mouse 

oocytes. In mouse oocytes, successful polar body extrusion relies on 

establishment of asymmetric spindle position and cortical polarity. 

Defects in meiotic spindle migrating or cortical polarization resulted in 

a variety of abnormalities including oocytes with large polar body or 

polyploid eggs (Ma et al., 2024; Pan et al., 2024). To ensure asymmetry 

in each division, the normal meiotic spindle first must migrate close to 

one side of the cortex and the cell cortical polarity next established via 

actin. Actin is the primary driver of spindle migration and mediates its 

movement toward the cortex, directly promoting asymmetric oocyte 

division (Yi and Li, 2012). Actin filament staining after disrupting 

DYNLRB1 activity was affected in oocyte indicating by line scan 
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analysis, as well as actin cap and cortical granule-free domain formation. 

These results suggested that DYNLRB1 was probably involved in 

regulating cortical polarization and might further affect polar body 

extrusion. Additionally, we found that silencing of DYNLRB1 affected 

the spindle formation confirmed by the analysis on MI spindle structure. 

Interestingly, our results indicated that DYNLRB1 was essential for 

meiotic spindle assembly during oocyte meiosis I. Antibody 

microinjection to inhibit the cytoplasmic dynein/dynactin complex 

disrupted the polar accumulation of p-MEK1/2 and led to notable 

spindle abnormalities (Xiong et al., 2007). Furthermore, 

coimmunoprecipitation assays using mouse oocyte extracts confirmed 

the interaction between p-MEK1/2 and dynein or dynactin at metaphase 

I (Xiong et al., 2007).  It suggested that DYNLRB1 might regulate the 

normal meiotic spindle assembly through p-MEK1/2. We further 

investigated whether DYNLRB1 modulated the spindle migration 

during oocyte cytokinesis. Interestingly, the spindle localized near the 

center of oocytes in the DYNLRB1-depleted oocytes. Moreover, the 

formation of cortical granule free domain, a typical characteristic of 

oocyte polarization (Liu, 2011), was disrupted after downregulated the 

DYNLRB1 activity. Similar results were reported on Rab6a, which were 

involved in polar body extrusion and cytokinesis based on regulating 

actin cap and cortical granule free domain formation during mouse 

oocyte meiosis (Ma et al., 2016). Thus, our results indicated that 

DYNLRB1 regulated spindle migration for asymmetric division and 

might interact with the protein mentioned above. 
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To summarise, our research underlied the roles and functional 

mechanism of two dynein lights from male to female and mitosis to 

meiosis. These results provided an ideal model to further investigate the 

molecular mechanisms of dynein complex components and potential 

gene markers for human male and female infertility.  

 



CONCLUSIONS AND FUTURE PERSPECTIVES 
 

 
 

41 

Conclusions 

In this thesis, the laboratory mouse model system and different cell lines 

were used to investigate the two distinct dynein light chains in meiosis 

and mitosis, respectively. DYNLRB2, a testis-upregulated dynein LC, 

was found to be essential for male fertility through its regulation of 

meiotic bipolar spindle formation in spermatocyte meiosis and sperm 

formation during spermiogenesis. Correspondingly, DYNLRB2 was 

independent for the female fertility as well as mouse oocyte maturation 

process. DYNLRB2 was also found to be involved in ciliogenesis, with 

typical ciliary dysfunction indicating potential roles in early 

development (papers I and II). The ubiquitously expressed mitotic 

counterpart, DYNLRB1, played similar roles in maintaining mitotic 

spindle bipolarity for the normal cell division (paper I). Beyond mitosis, 

DYNLRB1 was essential for mouse oocyte meiosis progression and 

asymmetric cytokinesis, revealing a new molecular pathway that could 

enhance our understanding of oocyte development and female 

reproductive health (paper III). The results provided new insights into 

the possible roles and functional mechanisms of dynein light chains in 

cilia formation and fertility.  

Future perspectives  

Exploring the interchangeable roles of DYNLRB1 and DYNLRB2 

in meiosis 

Our analysis revealed that the role of DYNLRB1 in mitosis was 

effectively complemented when DYNLRB2 is ectopically expressed. 

DYNLRB1 knockdown in mouse and human cells led to the defects in 
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multipolar spindle formation (paper I). Ectopic expression of 

DYNLRB2 successfully rescued the DYNLRB1 KD phenotypes. This 

finding suggested that DYNLRB2 might be capable of performing 

functions typically attributed to DYNLRB1. However, two significant 

question remains unknown: whether DYNLRB1 can complement the 

role of DYNLRB2 specifically in male meiotic cells and DYNLRB2 can 

assume the role normally performed by DYNLRB1 in female meiotic 

oocytes. To address this question, it is essential to generate the 

genetically engineered mice that express DYNLRB1 in place of 

DYNLRB2 within male germ cells. Meanwhile, DYNLRB1 knockdown 

in mouse oocyte meiosis caused the cytokinesis defect (paper III). The 

overexpression of DYNLRB2 in vitro oocyte maturation is expected to 

investigate about the interchangeable roles between the two dynein light 

chains in oocyte meiosis. After constructing special DYNLRB1 

overexpressed mouse model, it will be crossed with the DYNLRB2 

heterozygous and the DYNLRB2 KO mice were analyzed for the further 

investigation on the bipolar spindle formation and sperm maturation. In 

addition, the roles of DYNLRB1 in spermatogenesis will be an 

interesting part to investigate, considering high protein sequence 

identity between DYNLRB1 and DYNLRB2 but function specially in 

distinct dynein complex. Conducting such a study will provide deeper 

insights into the distinct functional differences between DYNLRB1 and 

DYNLRB2, particularly regarding their roles in male and female germ 

cell meiosis. This research will be pivotal in elucidating the specific 

contributions of each dynein light chain to the fertility and possible 

implications in reproductive biology. 



CONCLUSIONS AND FUTURE PERSPECTIVES 
 

 
 

43 

Identifying the difference between the DYNLRB1 and DYNLRB2 

To further address the difference of two dynein light chains, we 

extended the investigation by the sucrose density gradient centrifugation 

analysis with the kind help of Carmen M Córdoba-Beldad and Julie 

Grantham (Figure 9). Most other dynein complex proteins (dynein 

heavy chain DYNC1H1, light chain DYNLL1, light intermediate chain 

DYNC1LI2 and intermediate chain DYNC1I1/2) as well as PCM1 and 

NUMA, were identified in high molecular weight fractions within 

fraction 7 where the large majority of dynein complex were co-

fractionated, while the ectopically expressed GFP-tagged Dynlrb1 and 

Dynlrb2 were less detected. However, they were relatively more 

abundant in fractions 10-13 where the dynein-free form existed. 

Immunoprecipitation experiment is highly sensitive for detecting 

protein-protein interactions. It selectively isolates complexes that 

involve the tagged proteins, specifically GFP-Dynlrb1 or GFP-Dynlrb2. 

However, sucrose gradient analysis operates differently, separating 

proteins based on their density and size. One possible explanation for 

the lower detection of the GFP-tagged proteins in the dynein co- 

fractionated complex is that they might be inherently less stable or more 

susceptible to degradation compared to their endogenous counterparts 

in sucrose density gradient analysis compared with in 

Immunoprecipitation experiment. During centrifugation, protein 

complexes are subject to physical forces that can cause dissociation or 

degradation, especially when centrifugation times are long. Meanwhile, 

the centrifugation was under low temperature, and it might impair the 

folding of GFP-Dynlrb1/Dynlrb2 fusion proteins, ultimately affecting 
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the interaction with other dynein complex proteins and some regulatory 

proteins. Future exploration on normalizing the different possibility will 

help to explain the results. Additionally, a cryo-electron microscopy 

study of the two dynein light chains as well as its interactors in the 

absence of DYNLRB1 and DYNLRB2 would shed additional light on 

the difference. 

Figure 9. Sucrose density gradient centrifugation analysis. After transfecting the 

plasmids into B16 cells, GFP-positive signals will be identified under the 

microscope to confirm that the plasmids were transfected successfully. The lysates 

from the successfully transfected cells will then be collected for sucrose density 

gradient centrifugation. Cells were lysed in ice-cold lysis buffer (50 mM HEPES 

pH 7.2, 90 mM KCl, 0.5% IGEPAL, and 1/500 mammalian protease inhibitor 

(Sigma-Aldrich)) and fractionated by 40-10% sucrose gradient centrifugation. 

Western blot analyses were performed on different fractions. Ectopically 

expressed GFP-tagged '()%*+,  and '()%*+-! were detected with an GFP-specific 

antibody. Western blots were also probed for some dynein subunits, DYNLL1, 

DYNC1LI2, DYNC1I1/2, DYNC1H1, PCM1 and NUMA.   
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Identification of DYNLRB1 and DYNLRB2 in relation to human 

infertility 

Our research demonstrated that both DYNLRB1 and DYNLRB2 played 

crucial roles in gametogenesis, significantly contributing to fertility in 

mouse oocytes and spermatocytes, respectively. Nonetheless, it remains 

an unresolved question whether DYNLRB1 and DYNLRB2 have the 

similar roles in human infertility. As the prevalence of infertility 

increases, there is an urgent need to study the genetic and molecular 

mechanisms of this disease. Assisted reproductive technologies (ART) 

have emerged as a kind of hope for the people dealing with infertility. 

Infertile couples often turn to ART as a last chance to have a baby. 

Nevertheless, the journey to pregnancy through ART can be hindered 

by various challenges, especially when genetic abnormalities are 

involved.  

Future research targeted at identifying the relationship of DYNLRB1 

and DYNLRB2 in the human infertility by the experiment mouse model 

and the analysis of patient samples could possibly enhance our 

understanding of more genetic factors that contribute to reproductive 

issues. This endeavor is dedicated to the enrichment of knowledge 

regarding genes associated with infertility and mechanisms, in 

collaboration with reproductive centers, to facilitate screening among 

infertile people. Progress in this research is expected to promote 

common progress in other areas of reproductive research. With the 

passage of time and advancements in technology, more research is 

carrying on the infertility problems and more genes related to infertility 

will be discovered. In the foreseeable future, individuals may be able to 
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make better decisions regarding reproductive options through the 

assessment of their genetic information, thereby fulfilling the wishes to 

have a healthy baby. 
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