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Conclusions
We conclude that importin beta, humanX@nopusis an authentic negative

regulator of nuclear assembly and, presumably, spindle assembly. A differémee int
Ran sensitivity between tagged and untagged importin beta in pore assembly gives us

mechanistic insight into nuclear pore formation.

Background
Vertebrate nuclear assembly is a complex process involving the sequential

recruitment of specific proteins and membranes to chromatin. At the end osmitosi
membrane vesicles and/or ER membrane sheets arrive at the chromatm teuiise

and form a unique structure consisting of two complete, encircling membrayerbil

[1, 2]. As soon as regions of double membrane form at the chromatin surface, nuclear
pore complexes form within those regions perforating the membranes. Nuckear po
complexes span the bilayers and control virtually all traffic betweenutleus and
cytoplasm [3, 4]. The 125-megadalton vertebrate nuclear pore is composed of
multiple copies of ~30 different nucleoporins, only three of which are integral
membrane proteins [5]. The majority of nucleoporins are recruited from soluble
cytoplasmic subunits. The assembly of these nucleoporins into the 500-1000 protein
complex is a daunting task, as nucleoporins must sequentially and precisely assembl
in the correct order and location [6-8]. Determining the choreographed molecular
mechanism by which nucleoporins assemble into functional pores within the double
nuclear membranes is a matter of intense research.

The nuclear import factor, importin beta, and its regulatory counterpart, the
small GTPase Ran, were revealed to be two key regulatory factors logtitak
choreography, both for nuclear membrane fusion and separately for nuclear pore
assembly [9-13]. Addition of excess human importin betaXerspusiuclear

reconstitution system disrupts the endogenous ratio between importin beta and
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interphase microtubule formation in the cytoplasm. At mitosis when the nuclear
envelope breaks down, the SAFs are released from the nucleus and come under
importin beta regulation. Binding of importin beta inhibits the SAFs throughout the
cell, except in the vicinity of the RanGTP-rich chromosomes. There, impordn bet
preferentially binds to RanGTP, releasing its hold on the spindle assemblg faatl
allowing them to initiate mitotic spindle formation around the chromosomes.

These nuclear and spindle assembly studies on the regulatory role of importin
beta were performed in interphase and mitotic assembly systems derived from
Xenopuseggs [23, 26-28, 35, 42-50]. InXanopusnterphase egg extract, nuclei
normally assemble spontaneously around added chromatin or DNA [51-60]. In
contrast, in &enopusnitotic egg extract, spindles spontaneously form around the
added chromatin [61, 62]. Thus, thé@seitro systems are powerful tools for
studying both nuclear and mitotic spindle assembly.

Upon further analysis, we realized that the recombinant importin beta used in
all theXenopusstudies of nuclear and spindle assembly was, in actualitgan
importin beta [9, 10, 25, 27-30, 37, 63-68Kefopusmportin beta had neither been
identified nor cloned and thus was not available for the studies). The use of
recombinant human importin beta in tkenopussystem led to a further key question:
Is importin beta amauthenticnegative regulator of cellular function, or does human
importin beta act as a dominant negative mutant as a result of sequence variation
between the human ad@gnopugroteins?

To address this question, in this study we identified, cloned, and tested
recombinanXenopusmportin beta for its role in nuclear membrane fusion and
nuclear pore assembly. We fouddnopusmportin beta to act identically to human

importin beta, i.e., it acts as a negative regulator of both nuclear membramedindi



This new result prompted us to investigate the cause for the unexpected diffierence

Ran sensitivity.

Tagging importin beta causes insensitivity to Ran i n its block to nuclear
pore assembly.

We considered the differing Ran reversibility results seen with human and
Xenopus importin beta. Two possibilities existed: 1) either human importin beta
differs fromXenopusmportin beta with respect to its sensitivity to Ran, because of
an inherent sequence difference in the importin beta coding sequence, or, 2) the His-
tag present on the human importin beta used in all preinotigo studies alters its
sensitivity to Ran in a detrimental manner, but only with respect to porelagsero
distinguish between these two mechanistic explanations, the BAPTA rescue
experiment was next performed ustaggedXenopus importin beta, where an N-
terminal His-tag was introduced. We found that taggelopusmportin beta acted
identically to tagged human beta, i.e., it was not reversible by Ran (Figure 4A). Thus
the second model of tag-induced insensitivity to Ran appeared correct.

As a final test, however, an untagged form of human importin beta was cloned
and used in a rescue experiment. We found that untagged human importin beta
blocked the ability of nuclear pores to form when BAPTA-arrested nuclei were
diluted into fresh cytosol (Figure 4B, 4)- However, now RanQ69L rescued the
pore assembly defect, albeit not as strongly as with the untXggpgpusmportin
beta homologue (Figure 4B, comparel»kRan with +Xb + Ran). Therefore, the
first model of human importin beta acting as a dominant negative due to sequence
variation is also plausible. Taken together, the data indicate that, specifitthll

respect to importin beta’s block to pore assembly, wild-type human importin beta is
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