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Sexual reproduction in higher plants requires the deve-
lopment of a special cell protrusion, the so-called pol-
len tube, which is generated by the male gametophyte. 
Like other plant cells, the pollen tube contains a con-
spicuous cytoskeletal apparatus that regulates and pro-
motes most of its biological functions, the most important 
of which is the transport of sperm cells. The study of 
the pollen tube cytoskeleton has been intensified dur-
ing the last few years on account of the critical impor-
tance of the pollen tube as a cell model. This review 
will focus on several aspects of the cytoskeleton in the 
pollen tube, from the way it assembles and organizes to 
discussing its role in organelle motility and tip growth. 
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THE pollen grain is the male gametophyte of seed plants 
(gymnosperms and angiosperms) and represents a crucial 
evolutionary step that allowed plants to leave the aqueous 
environment during sexual reproduction. The consequence 
is that seed plants have progressively populated the dry 
land, thus becoming the most abundant plant species on 
earth. The pollen tube is not a real cell but is a cylindrical 
protuberance that the pollen grain produces upon landing 
on the stigma of a receptive flower (in angiosperms) or on 
macrosporangium (in gymnosperms). However, the role of 
the pollen tube is critical as it transports the male gametes 
(sperm cells) towards the egg cell. Because of this impor-
tance and because of the ease with which it can be obtained 
and handled, the pollen tube has progressively become a 
model system for the study of different physiological fea-
tures of plant cells, such as cell polarity, apical growth, 
movement of organelles, cell–cell recognition and signal 
transduction1. Like every other plant cell, the pollen tube 
contains a conspicuous network of filamentous proteins, 
termed the cytoskeleton, which is the structural basis of its 
internal organization. The cytoskeleton controls how the 
pollen tube grows and how the cytoplasm dynamically re-
organizes itself during tube elongation. In addition, the 
cytoskeleton is also responsible for the transport of male 
gametes – the most important function of the pollen tube. 
 The cytoskeleton of the pollen tube is constituted by 
actin filaments and microtubules and most of its charac-

teristics are the same as those of a typical interphase cell. 
However, since the pollen tube is a tip-growing cell, it has 
some peculiarities that differentiate it from other plant 
cells. The most obvious and unique feature is that the pol-
len tube contains additional cells, the sperm cells, and that 
these cells move inside the pollen tube. The cytoskeletal 
apparatus of the pollen tube is consequently adapted to 
support such movement. The second important feature is 
polarization: actin filaments and microtubules are ar-
ranged along the elongation axis of the pollen tube and 
their orientation determines the cytoplasmic polarization 
of the tube. In addition, actin filaments and microtubules 
show a gradient of organization that matches the gradient 
of ions and molecules found in the pollen tube. A third 
characteristic of the pollen tube cytoskeleton is the molecu-
lar composition: some cytoskeletal proteins (for example, 
a number of tubulin isotypes) are expressed only in the 
male gametophyte, which therefore represents an exclu-
sive example of proteome. This review will essentially 
focus on the structure and organization of the angiosperm 
pollen and pollen tube, since they have been studied in 
greater detail than those of gymnosperms. 

The nature of cytoskeleton in ungerminated  
pollen and its reorganization during germination 

The study of the cytoskeleton in the pollen grain is not 
simple, mainly because of the technical complexity in la-
belling actin filaments and microtubules inside the grain. 
Consequently, only a few reports are available on this 
specific subject2,3. It appears that both actin filaments and 
microtubules are organized as short fibres inside the pol-
len grain. Such strands may represent precursors of both 
the cytoskeletal systems, either as reservoirs of protein 
subunits or as units for the assembly of longer filaments. 
Moreover, the pollen grain contains most of the protein 
subunits used subsequently during tube elongation. Al-
though the synthesis of new actin and tubulin may take 
place during tube growth4,5, the level of actin and tubulin 
during tube elongation is steady4. This evidence suggests 
that the turnover of both proteins is precisely regulated; 
nevertheless, the assembly of novel actin filaments and 
microtubules during tube elongation should also require 
the disassembly of older cytoskeletal fibres. 
 The polarization of both actin filaments and micro-
tubules initiates with the emergence of the pollen tube. 
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Figure 1. Immunocytochemistry of microtubules in the pollen tube of tobacco. The image was recorded close to the tube apex (which is 
only partially shown on the left and indicated by the dotted line). The different density of microtubules alongside the pollen tube is clearly 
visible. Bar: 15 µm. 

 

Both cytoskeletal systems organize as longer bundles and 
enter the emerging tube2,3. This process recalls the ques-
tion of the origin of actin filaments and microtubules. No 
data exist on the localization of microtubule-organizing 
sites or on actin filament-assembly sites in the pollen 
grain. Analogous to other plant cells and to the pollen 
tube6,7, both cytoskeletal systems may initiate from dis-
tinct origin sites scattered all along the plasma membrane 
of the pollen grain. 

The organization of microtubules and actin  
filaments during tube growth 

The organization of actin filaments and microtubules within 
the pollen tube has been the subject of several studies. 
With the introduction of immunocytochemistry, it was pos-
sible to analyse how actin and tubulin organize in the pollen 
tube and to correlate their distribution to their function. 
Both systems have a comparable organization, as they are 
mainly structured in bundles that approximately have the 
same direction of the tube axis8. The density of bundles is 
not constant along the pollen tube. For example, micro-
tubules are more abundant in the terminal part of the pollen 
tube close to the growth region and progressively disap-
pear in the older parts of the tube upon sealing by the callose 
plugs9,10 (Figure 1). The concentration of microtubule 
bundles also changes during the passage of the generative 
cell10. Microtubules can be depolymerized by treatment 
with several drugs or cold, although they are inclined to 
resist in the cortical domain, where microtubules are 
likely to be associated with the plasma membrane through 
membrane–microtubule interacting proteins11. The presence 
of microtubules in the growth region (the apical domain) is 
still debated. Although standard immunocytochemistry 
after chemical fixation has shown the occurrence of short 
and twisted microtubules10, electron microscopy after 

freeze-fixation has not confirmed such finding12. One 
speculative hypothesis suggests that the apical domain 
may be the site of origin of pollen tube microtubules13, 
but the subapical domain14 and the plasma membrane in 
general7 may play the same role as well. 
 The organization and regulation of actin filaments in 
the pollen tube are known in greater detail. The use of a 
specific dye, such as rhodamine–phalloidin, has allowed 
researchers to distinguish helically organized bundles that 
permeate the cytoplasm of pollen tubes15. It is likely that 
actin bundles are generated by the activity of villin-like 
proteins16 that assemble actin filaments into bundles with 
identical polarity17. As Ca2+-calmodulin inhibits the activ-
ity of villin18, actin bundles are not consequently found in 
the tube apex (a region with higher Ca2+ concentration). 
This finding correlates well with the evidence that the 
apical domain of pollen tubes does not contain actin bun-
dles but has a mesh of short actin filaments19. Following 
the advent of molecular biology techniques, the presence 
of such actin mesh in the apical domain of pollen tubes 
has been confirmed20. The balance between G-actin, short 
actin filaments in the apex and actin bundles in the older 
region is maintained through the activity of several fac-
tors21–26, as also discussed elsewhere in this article. 

The specific role of microtubules and actin 
filaments during pollen tube growth 

The role of both actin filaments and microtubules during 
pollen tube growth may be schematically divided into dif-
ferent categories according to the specific cell regions 
considered or according to the specific organelles trans-
ported. Schematically, we can consider the involvement 
of the cytoskeleton in (i) the process of apical secretion 
(and thus tube elongation), (ii) cytoplasmic streaming 
(that is organelle transport), and (iii) transport of the male 
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gametes along the pollen tube. We shall discuss all the 
three processes separately, but in the last part we will at-
tempt to incorporate the separate results into a single 
model. 

Apical secretion and growth 

Secretion is defined as the discharge of new material out-
side the cell through the activity of specific membrane-
bound vesicles, which are usually generated by the Golgi 
bodies. During secretion, the membrane of secretory 
vesicles fuse with the plasma membrane and the content 
of vesicles is released out of the cell. In the pollen tube, 
secretory vesicles mainly contain precursors of the cell 
wall, such as pectins, other glycoproteins and more specific 
proteins such as phosphatases27. The process of secretion 
can be divided into two distinct phases: the production of 
vesicles (which is independent of the cytoskeleton) and the 
delivery of vesicles to the final destination (which conversely 
needs the presence of a well-structured cytoskeleton). The 
two phases can be distinguished and studied separately 
using different chemical substances that interfere distinctly 
with the two processes28. The cytoskeleton is mainly re-
sponsible for delivering the newly-formed secretory vesi-
cles to the apical plasma membrane; however, the activity 
achieved by the cytoskeleton cannot be merely restricted 
to the delivery activity. The secretion of new material is a 
precise balance between accumulation of new vesicles 
and the release of old ones from the exocytosis site29; in 
addition, membrane recycling is known to occur in the 
pollen tube30. Consequently, the activity of Golgi bodies 
is not regulated according to the number of vesicles re-
quired for tube growth. The actin cytoskeleton is appar-
ently essential for the proper growth of pollen tubes31 and 
such requirement may be necessary at two distinct levels. 
First, actin and myosin may function cooperatively to 
drive vesicles to the secretion site; second, an intact actin 
cytoskeleton may be necessary to facilitate and maintain 
the accumulation of secretory vesicles into the apical domain. 
The second function is supported by evidences that tube 
elongation and tube germination can be uncoupled using 
distinct dosages of actin antagonists32, which suggests that 
germination is less sensitive to actin antagonists than ex-
tension and that tube elongation requires a more precise 
balance between monomeric and filamentous actin. To in-
fer the role of actin filaments in the secretion process, it 
was originally proposed that actin filaments physically 
separate the growth region from the base region through 
the formation of an actin ring33. This structure should act 
like a filter to physically divide the small-sized vesicles 
from the population of larger organelles. This preliminary 
hypothesis has been recently reviewed using techniques 
of molecular biology, which have led to the identification 
of a dynamic actin collar21. The function and existence of 
the collar is not definitely determined but it should pre-

sumably work to separate the growth domain from the 
domain of organelle movement. The transition from the 
domain of growth to the base domain is presumably con-
trolled by several proteins, which collectively contribute 
to regulate the polymerization state of actin. The growth 
domain likely contains short and highly dynamic actin 
filaments, which are converted into rigid bundles in the 
base domain. The regulation of actin dynamics is critical 
for the proper growth of pollen tubes31 and is maintained by 
the concerted action of a number of factors, such as actin de-
polymerising factors (ADF)22, phosphatidylinositol-4,5-
bisphosphate (PIP2)34, Rho and Rac proteins 35,36,23,24,26, 
together with a number of accessory proteins like pro-
filin37, villin16 and actin filament-severing protein25. The 
concerted activity of all these proteins ensures that the 
polymerization state of actin is accurately maintained to 
promote the elongation of pollen tubes. Ca2+, which is es-
sential for the proper growth of pollen tubes38, also con-
trols the dynamics of actin filaments but its concentration 
in the apical domain is also regulated by the polymeriza-
tion state of actin39, suggesting that the two systems recip-
rocally regulate each other for a finer control of tube growth. 
 The role of microtubules during tube growth and specifi-
cally in the process of secretion is likely to be less important. 
Classical experiments in which pollen tubes were treated 
with microtubule-depolymerizing drugs have shown that 
the elongation rate of pollen tubes is not affected40. How-
ever, some exceptions exist and they must be mentioned. 
The anti-microtubule drug carbetamide can stop the elonga-
tion of pollen tubes in the style (thus in vivo conditions)41; be-
nomyl, another anti-microtubule drug, also generates 
drastic effects on both the morphology and the elongation 
rate of pollen tubes42; oryzalin, a different microtubule 
drug, has been shown to alter the pulsatory growth of pollen 
tubes but it does not affect the elongation rate43. These 
results collectively suggest that microtubules may con-
tribute to some phases of pollen tube growth, although it is 
not exactly clear what phase is affected. Furthermore, the 
effects of the inhibitory treatment do not clarify if the 
role of microtubules in the elongation activity is direct or 
indirect, such as in the organization of the pollen tube cyto-
plasm. To sum up, most data indicate that actin filaments 
have a clear and definite role in the process of elongation, 
whereas the role of microtubules is less important or still 
to be defined. 

Cytoplasmic streaming 

One of the most evident features of pollen tube is the 
prominent movement of organelles from the grain towards 
the apex and vice versa44 (Figure 2). This flow of organ-
elles, which recalls the cytoplasmic streaming of plant 
cells, is fundamental for the growth activity of pollen 
tubes. The involvement of the cytoskeleton in the move-
ment of organelles and vesicles during tube growth is es-



SPECIAL SECTION: EMBRYOLOGY OF FLOWERING PLANTS 
 

CURRENT SCIENCE, VOL. 89, NO. 11, 10 DECEMBER 2005 1856 

tablished by several studies. Some of these findings are 
derived from investigations on other plant cells, whereas 
some are pertinent to the pollen tube system. The motility 
of pollen tube organelles along actin cables was clearly 
demonstrated using the alga, Chara45. In addition, the 
analysis of organelle movement along actin cables re-
vealed that such a movement was dependent on the con-
centration of Ca2+ and that myosin was the most plausible 
candidate to drive such movement46. The role of actin 
filaments in the cytoplasmic streaming of pollen tubes  
 
 

 
 
Figure 2. Video microscopy analysis of a living pollen tube of to-
bacco. Images correspond to video frames captured every 4 sec and 
show the considerable flow of organelles observed in the pollen tube. 
The white arrow indicates specifically one larger organelle that moves 
directionally towards the tube apex with a mean velocity of 2 µm/sec. 
Such movement is expected to occur along actin cables. Only the 
movement towards the apex is observed because the focus of each im-
age corresponds to the cortical region of the pollen tube. Bar: 10 µm. 

was further suggested by several pharmacological evi-
dences47. No doubts remain that actin filaments and myosin 
are the protein systems that promote the movement of or-
ganelles and vesicles. Treatment of pollen tubes with cy-
tochalasins induced several alterations in the tube 
structure and in the distribution of organelles48 and the 
organization of actin filaments was well correlated with 
the pattern of organelle movement in different tube re-
gions49. Pollen tube growth is also strongly affected by 
different actin antagonists, such as latrunculin B32, and 
profilin/DNase I31. In the last case, tip growth was shown 
to be more sensitive than streaming in response to treat-
ment with inhibitors suggesting that tube growth requires 
that tip actin is assembled in a process independent of cyto-
plasmic streaming. The requirement of actin filaments and 
the accurate equilibrium between the G- and F-forms of 
actin has also been shown recently, suggesting that actin 
polymerization promotes the reversal of streaming in the 
apex of the pollen tube50. In other cases, curved bundles 
of actin filaments have been shown in the subapical re-
gion of pollen tubes, which should represent a prerequisite 
for the reversal of organelle streaming51. 
 Myosins have also been identified in pollen tubes of 
different species. Unfortunately, proteins related to myosin 
have been mainly characterized using heterologous anti-
bodies, leading to the composition of a myosin puzzle, in 
which the molecular mass and the distribution of myosins 
were essentially dependent on the type of antibody used. 
Consequently, myosins of 185 kDa were identified in the 
pollen tube tip and in association with the generative cell52; 
conversely, myosins of 175 kDa were detected in asso-
ciation with vesicles and organelles (such as mitochon-
dria)53. Different classes of myosins were also discovered 
using antibodies to specific myosin classes (I, II and V)54. 
The latter finding suggested that the movement of indi-
vidual membrane-bounded objects (vesicles, organelles, 
generative cell) was dependent of specific myosins. How-
ever, this finding was not confirmed by molecular analy-
sis, which showed that fewer and different myosin classes 
are present in the Arabidopsis genome55. Consequently, some 
of the results previously published should be reviewed 
and integrated with the molecular data. The only pollen 
tube myosin identified so far is a 170 kDa polypeptide 
isolated from lily pollen56. The protein was purified by a 
standard biochemical approach based on selective bind-
ing to actin filaments and was shown to have the typical 
properties of myosins, such as the actin-dependent AT-
Pase activity and the ability to glide actin filaments. After 
immunolocalization in the pollen tube of lily, the protein 
was found in specific tube districts, suggesting that it 
may not be associated with all organelle classes or that its 
localization depends on the specific physiological state of 
the pollen tube examined57. However, these findings repre-
sent the more powerful evidence of myosins in the angio-
sperm pollen tubes, although they do not prove definitely 
that the 170-kDa polypeptide is responsible for the cyto-
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plasmic streaming of pollen tubes. The evidence that the 
myosin activity is dependent on Ca2+ concentration and 
that myosin binds to calmodulin in a Ca2+-dependent way 
suggested a hypothetical role for the 170-kDa myosin in 
the pollen tube58. As the concentration of Ca2+ is lower in 
the base region of pollen tubes, the 170-kDa myosin may 
be active in that region and contribute to the movement of 
pollen tube organelles. The activity of the 170-kDa myosin 
may be strongly reduced and inhibited in the subapical 
and apical domains of pollen tubes through the Ca2+-
dependent removal of calmodulin. This mechanism could 
be the basis for the regulation of organelle movement in 
the pollen tube. 
 The involvement of microtubules in organelle transport 
is not exactly defined but microtubules may support a dif-
ferent type of transport compared with actin filaments. 
Microtubule-dependent motors have been identified and 
partially characterized in the pollen tube59,60,61. In addi-
tion, pollen tube organelles have been shown to move 
along microtubules under in vitro motility assays62. These 
findings cooperatively suggest that the pollen tube has 
the proper protein machinery to move organelles along 
microtubules. However, the precise physiological conse-
quence of the microtubule-based organelle movement in 
the pollen tube is not clear. The speed of organelles along 
microtubules is much lower compared with the velocity 
of organelles along actin filaments, which suggests that 
microtubules are not important in the cytoplasmic stream-
ing. Consequently, the role of microtubules in organelle 
transport should be searched in the regulation of organ-
elle positioning or in the precise delivery of organelles to 
their final site. 

Transport of the generative cell and vegetative 
nucleus 

The fundamental function of the pollen tube is the trans-
port of the sperm cells from the pollen grain to the female 
gametophyte. Such activity is strictly coordinated with 
the elongation rate of the pollen tube. The transport of the 
sperm cells depends on a number of molecular mechanisms 
only partially characterized. No doubts exist that the sperm 
cells are not able to move by themselves. The internal cy-
toskeleton, mainly constituted by microtubules63, seems 
to be responsible for maintenance of the ellipsoidal shape 
of the sperm cells, which in turn facilitates their migra-
tion through the pollen tube. Consequently, the motor ca-
pacity of the sperm cells should be searched in the protein 
machinery outside the sperm cells (specifically, on the 
outer surface or in the vegetative cytoplasm). A first clue on 
the presence of molecular motors was the identification 
of myosin-related polypeptides associated with the sperm 
cells64. Such findings have been subsequently confirmed 
by additional studies65, suggesting that the sperm cells 
could move along actin cables similar to cytoplasmic or-

ganelles. Nevertheless, other models have been proposed 
to account for the movement of sperm cells in case of in-
sufficient presence of myosins on the outer surface66. 
Consequently, it is still difficult to assume that sperm cells 
move because of interactions between actin filaments and 
myosins. Furthermore, this simple model does not inte-
grate the evidence that microtubules also have a critical 
role in the transport of the sperm cells. Treatment with 
microtubule antagonists resulted in a significant decrease 
in the translocation rate of sperm cells67, indicating that 
the cytoplasmic microtubules participate in such an activity. 
We do not know how microtubules promote the move-
ment of sperm cells, through the activity of dependent 
motor proteins or by arranging the pollen tube cytoplasm 
to facilitate cell movement. 

An integrated model of organelle movement and 
tube growth 

The pollen tube is a cell that grows at a specific site (the 
tip) through the continuous delivery of new material car-
ried by secretory vesicles; simultaneously, organelles move 
forward and backward to distribute evenly along its axis. 
The two processes are likely based on distinct molecular 
mechanisms that interact with each other and that are col-
lectively regulated by a central controller. The controller, 
which ensures the correct growth of pollen tubes, is not 
likely to be represented by a single protein or a single 
factor, but rather by a network of proteins and factors. 
We will focus on those elements that regulate the organi-
zation of the cytoskeleton in connection with both the 
growth process and the flow of organelles. The central 
point of the regulation process is represented by the tran-
sition from G-actin (or short actin mesh) in the tube apex 
to the actin bundles in the base region. This differentia-
tion also separates the growth region from the rest of the 
pollen tube. Ca2+ is a central factor in this transition  
because it controls many distinct activities. Apart from 
promoting the fusion of secretory vesicles in the tip, Ca2+ 

also controls the polymerization state of actin in coopera-
tion with other protein factors. Specifically, the Rho/Rac 
complex in the plasma membrane, which also controls the 
activity of actin-depolymerizing factors, likely through 
regulating the concentration of Ca2+. Ca2+ directly par-
ticipates in the regulation of actin dynamics by activating 
actin filament-severing proteins. The assembly of actin 
filaments into actin bundles is also controlled by Ca2+, 
since the Ca2+–calmodulin complex removes villin from 
actin bundles and thus converts actin bundles into single 
actin filaments, which are likely to be more susceptible to 
depolymerization. In the base region, actin cables, stabi-
lized by villin, are the main tracks for the myosin-
dependent movement of organelles and vesicles (and of 
sperm cells). Another regulatory activity of Ca2+ is the 
inhibition of myosin activity. The higher concentration of 
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Ca2+ in the apical domain is supposed to inhibit the my-
osin-mediated movement of organelles along actin cables, 
while such movement is facilitated in the base region by 
the lower Ca2+ concentration. All together, these data 
suggest that Ca2+ has a critical role in controlling the po-
lymerization and organization of actin filaments and in 
regulating the activity of actin-dependent motor proteins. 
 The simple model described above does not involve the 
microtubule cytoskeleton. This is due to insufficient in-
formation on the role of microtubules in the control of the 
growth process. Apart from mediating the movement of 
organelles, it is still hard to state what exactly micro-
tubules do during pollen tube growth. The regulation of  
 
 

 
 
Figure 3. Schematic drawing of the putative interactions between the 
Ca2+ gradient, regulatory proteins and the cytoskeleton in the pollen 
tube. The illustration attempts to collect information from different pa-
pers (and from different pollen species) into a single model. Objects in 
the picture are not drawn to scale. The starting point is the generation 
of the Ca2+ gradient, which is under the control of several factors, such 
as Rho proteins. These small GTP-binding proteins are likely to inter-
act with (putative) receptor proteins in the apical plasma membrane and 
thus transduce extracellular signals into variations of the Ca2+ concen-
tration. The activity of Rho proteins is also achieved at the level of ac-
tin filaments, whose polymerization/depolymerization is controlled by 
a cascade of proteins including ADF, RIC3/RIC4. Ca2+ also participates 
in the control of actin assembly by regulating accessory proteins, such 
as the actin filament-severing proteins. The role of Ca2+ is also achieved in 
the organization of actin filaments; the association with Ca2+–
calmodulin complex negatively regulates villin (an actin bundling pro-
tein). Ca2+ also regulates the activity of myosin through binding and 
removing calmodulin from the myosin motor. Consequently, the vesi-
cle-associated myosin is not further able to move along actin filaments 
and thus vesicles accumulate in the tip domain. Other structural factors 
(such as the actin collar) should contribute to the process of vesicle ac-
cumulation. These structural restrictions do not apply to larger organ-
elles, which are consequently free to flow back in the reverse direction. 
Microtubules and their dependent motors are likely to participate in 
regulating the positioning of organelles in the pollen tube. 

their activity as well as the factors that regulate their organi-
zation are completely unknown. Therefore, the proposed 
model (schematically sketched in Figure 3) is still partial, 
as it does not take into account the second major cytoskele-
tal system. 

Microtubules and the control of cell wall deposition 

A traditional function of plant cell microtubules is their 
involvement in the deposition of the cell wall. The classical 
model proposes that microtubules restrict the diffusion of 
the cellulose-synthesizing complex in the plasma mem-
brane, thus indicating how the new cellulose fibrils 
should be deposited out of the cell68. This model, which 
is far from being finished and accepted in interphase 
cells, is even more difficult to adapt to the pollen tube 
system. Unlike somatic cells, the orientation of micro-
tubules and of cellulose fibrils corresponds to the growth 
direction of pollen tubes. In somatic cells, the orientation 
of microtubules determined the direction of cell expan-
sion by affecting the local stiffness of the cell wall. Con-
versely, in the pollen tube the growth direction is mainly 
determined by the local accumulation of secretory vesicles in 
the tube tip. Nevertheless, the cylindrical shape of the 
pollen tube should be constantly maintained during 
growth and this process is likely to depend on the correct 
deposition of the cell wall components, such as pectins, 
cellulose and callose. How the cytoskeleton controls the 
deposition of these building blocks is unidentified but it 
is expected that microtubules and actin filaments may 
contribute in some measure to such activity. 

Prospects 

The pollen tube plays a key role in sexual reproduction. It 
is a fascinating cell model through which researchers can 
understand most of the cellular activities of plant cells. 
We expect that the research on the cytoskeleton of pollen 
tubes will move progressively deeper in the coming years 
until we understand how this protein network allows the 
pollen tube to grow, to reach the final destination and to 
deliver its precious content. Our current state of knowledge 
emanates from scattered bits of information on different 
aspects and functions of the cytoskeleton (regulation, or-
ganelle movement, growth, and so forth). The integrated 
use of mutants, cell biology, DNA engineering, and pro-
teomic techniques is expected to provide us with a clear 
picture of the relationships between the cytoskeletal genes 
and proteins that regulate and operate in the pollen tube. 
One of the most important expectations is the discovery of 
the interactions between different cytoskeletal components. 
For example, how do actin filaments and microtubules in-
teract with each other and how do the extracellular signals 
precisely regulate the structure and activity of the cyto-
skeleton, and what is the identity of the proteins that syn-
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chronize the growth of the pollen tube with the movement 
of organelles and the transport of sperm cells? 
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