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The role of kinetochore dynein in checkpoint 
silencing is restricted to disassembly of the 
corona

ABSTRACT During mitosis, kinetochore–microtubule attachments are monitored by a mole-
cular surveillance system known as the spindle assembly checkpoint. The prevailing model 
posits that dynein evicts checkpoint proteins (e.g., Mad1, Mad2) from stably attached kineto-
chores by transporting them away from kinetochores, thus contributing to checkpoint silenc-
ing. However, the mechanism by which dynein performs this function, and its precise role in 
checkpoint silencing remain unresolved. Here, we find that dynein’s role in checkpoint silenc-
ing is restricted to evicting checkpoint effectors from the fibrous corona, and not the outer 
kinetochore. Dynein evicts these molecules from the corona in a manner that does not require 
stable, end-on microtubule attachments. Thus, by disassembling the corona through indis-
criminate microtubule encounters, dynein primes the checkpoint signaling apparatus so it can 
respond to stable end-on microtubule attachments and permit cells to progress through mi-
tosis. Accordingly, we find that dynein function in checkpoint silencing becomes largely dis-
pensable in cells in which checkpoint effectors are excluded from the corona.
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RESULTS
The majority of kinetochore Mad2 is evicted by the 
phosphatase pathway
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Dynein is required for the eviction of a minority population 
of kinetochore Mad2
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FIGURE 1: Reversine-initiated eviction properties of Mad2 and BubR1 in the absence of microtubules. (A) Timeline 
of workflow for live-cell (top) and fixed-cell (bottom) experiments (Nz, nocodazole; IF, immunofluorescence). (B) Normalized 
fluorescence intensity levels of kinetochore-associated phospho-MELT (pMELT) staining in fixed cells treated with indicated 
concentration of reversine (n = 58 cells from 3 replicates for 0 and 0.5 µM reversine conditions, 20 cells from 2 replicates 
for 10 µM reversine condition). (C) Representative time-lapse images of live cyclin-B1-mCherry–expressing HeLa cells 
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Dynein specifically evicts corona-associated Mad2 from 
kinetochores
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treated with 5 µM nocodazole for 16 h, and then treated with 10 µM reversine (at time = 0 min) during imaging. (D) Mitotic 
duration (for experiment shown in panel C) as determined from the reduction in cyclin-B1-mCherry fluorescence levels to 
undetectable levels (n = 47 cells from 2 independent replicates, which are indicated by different shades of green). Mean ± 
SD is shown. (E, F) Representative images and quantitation of live Mad2-GFP–expressing HeLa cells imaged before and 
after the addition of 10 µM reversine (added at time = 0). Red arrow indicates residual Mad2 signal remaining at 
kinetochores 47.5 min after reversine addition. Normalized and photobleaching-corrected fluorescence intensity levels of 
Mad2-GFP are plotted (n = 23 cells from 2 replicates). Black arrow indicates the average mitotic duration following 
reversine treatment, as shown in panel D. The data were fit (green dashed line; overlaid with 95% confidence interval 
indicated with shaded green) to a two-phase exponential decay with t1/2

1 = 34.0 min, and t1/2
2 = 1.3 min (R2 = 0.96). 

(G) Normalized fluorescence intensity levels of kinetochore-associated endogenous Mad2 (via immunostaining) in cells 
treated with indicated concentration of reversine (n = 59 cells from 3 replicates for 0 and 0.5 µM reversine conditions, 
20 cells from 2 replicates for 10 µM reversine condition). (H, I) Representative images and quantitation of BubR1-GFP–
expressing HeLa cells imaged before and after the addition of 10 µM reversine (added at time = 0). Note the lack of 
fluorescence signal remaining at kinetochores within 7.5 min of reversine addition. Normalized and photobleaching-
corrected fluorescence intensity levels of BubR1-GFP are plotted (n = 17 cells from two replicates). Black arrow indicates 
the average mitotic duration following reversine treatment, as shown in panel D. The data were fit (green dashed line; 
overlaid with 95% confidence interval indicated with shaded green) to a one-phase exponential decay with t1/2 = 2.0 min 
(R2 = 0.99). To account for the time lag between acquiring the prereversine image and the first postreversine image 
(∼2.5 min), we assumed the intensity values for the 0 time point for Mad2- and BubR1-GFP were equal to that of the 
prereversine addition time point (dashed light-green circle). Insets for both F and I indicate mean normalized intensity of 
Mad2- and BubR1-GFP at the beginning (t = −2.5 min) and end (t = 117.5 min) of the imaging period. For panels B and 
E–I, 10 µM MG132 was included to prevent mitotic exit. All scale bars = 10 µm. Statistical significance was determined 
by comparing means using Brown-Forsythe and Welch one-way ANOVA tests.
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FIGURE 2: Dynein is required for the eviction of a minority population of Mad2 from kinetochores. (A) Representative 
immunofluorescence images depicting relative Spindly and p150Glued levels in either early prometaphase (“prometa”) or 
metaphase cells (identified from an asynchronous population) depleted for Spindly and expressing either wild-type or 
mutant Spindly, as depicted. (B, C) Plots depicting normalized kinetochore p150Glued or Spindly intensity levels in cells 
shown in panel A (n = 1560 kinetochores from 78 cells from 2 replicates for p150; 1340 kinetochores from 67 cells from 
2 replicates for Spindly). (D) Representative immunofluorescence images depicting relative Spindly and Mad2 levels in 
either early prometaphase or metaphase cells (identified from an asynchronous population) expressing either wild-type 
or mutant Spindly. (E) Plot depicting normalized kinetochore Mad2 intensity levels in cells shown in panel D (n = 2020 
kinetochores from 101 cells, from 2 replicates). (F) Plots depicting normalized kinetochore pMELT (antibody directed at 
phosphorylated KNL1) intensity levels for early prometaphase or metaphase cells expressing either wild-type or mutant 
Spindly, as depicted (n = 2100 kinetochores from 105 cells from 3 replicates). All scale bars = 5 µm. Statistical 
significance was determined by comparing means using a Student’s t test with Welch’s correction.
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FIGURE 3: Microtubule tufts are sufficient to evict a subpopulation of Mad2 from kinetochores. (A) Representative 
immunofluorescence images depicting the degree of microtubule depolymerization by 5.0 and 0.5 µM nocodazole. Cells 
were incubated overnight in the indicated concentration of nocodazole, and then processed for immunofluorescence. 
Note the presence of microtubule “tufts” after incubation in 0.5 µM nocodazole, but a complete lack of microtubules 
after incubation in 5.0 µM nocodazole. (B) Representative images and quantitation of cells treated overnight with the 
indicated concentration of nocodazole, and then either processed for immunofluorescence, or treated for an additional 
2 h with 10 µM reversine (plus MG132) and then processed for immunofluorescence. Plot (means ± SD) indicates relative 
kinetochore Mad2 levels in cells treated as indicated (n = 1580 kinetochores from 79 cells, 2 replicates; different shades 
of blue and orange indicate different replicates). (C) Representative images of cells treated overnight with the indicated 
concentration of nocodazole, and then processed for immunofluorescence to determine extent of KNL1 MELT 
phosphorylation. Plot (means ± SD) indicates relative kinetochore pMELT levels in cells treated as indicated (n = 380 
kinetochores from 19 cells). All scale bars = 5 µm. Statistical significance was determined by comparing means using 
Brown-Forsythe and Welch one-way ANOVA tests (B) or by comparing means using a Student’s t test with Welch’s 
correction (C).
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FIGURE 4: The phosphatase pathway is sufficient to evict all kinetochore-associated Mad2 in cells lacking coronas. 
(A) Representative fluorescence images of Mad2 or Spindly in HeLa cells treated with either control or Spindly siRNA, 
treated with 5 µM nocodazole for 12 h, and then processed for immunofluorescence. Note the distinct corona 
morphology in control cells compared with paired dots in the siSpindly treated cells. (B) Plot (means ± SD) depicting 
normalized kinetochore levels of Spindly or Mad2 in control or siSpindly treated cells (n ≥ 1440 kinetochores from 
72 cells, from 2 replicates; different shades of green and red indicate different replicates). (C, D) Representative 
fluorescence images and quantitation of Spindly and Mad2 (Hec1 was used as a kinetochore marker) in HeLa cells 
treated with either control or Spindly siRNA, treated with 5 µM nocodazole for 12 h, and then either processed for 
immunofluorescence, or treated with 10 µM reversine (plus MG132) for 2 h before processing. Plot (means ± SD) depicts 
normalized kinetochore levels of Mad2 in control or siSpindly treated cells (n ≥ 1440 kinetochores from 72 cells, 
2 replicates; different shades of green and red indicate different replicates). (E, F) Representative fluorescence images 
and quantitation of Mad2 in 5 µM nocodazole-treated cells expressing either wild-type Mad1 or Mad13EK in cells lacking 
endogenous Mad1 (see Materials and Methods). Cells were either processed for immunofluorescence after overnight 
incubation in 5 µM nocodazole, or treated with 10 µM reversine (plus MG132) for 2 h before processing. Plot (means ± 
SD) depicts normalized kinetochore levels of Mad2 in indicated cells (n ≥ 1600 kinetochores from 80 cells, 2 replicates; 
different shades of green and yellow indicate different replicates). Scale bar = 5 µm. Statistical significance was 
determined by comparing means using a Student’s t test with Welch’s correction (B), or by comparing means using 
Brown-Forsythe and Welch one-way ANOVA tests (D and F).



6��Õ�iÊÎ{Ê �Õ�iÊ£]ÊÓäÓÎÊ �Þ�i��½ÃÊÀ��iÊ��ÊV�iV�«���ÌÊÃ��i�V��}Ê NÊ �Ê

Ì�ÊÀiÛiÀÃ��iÊÌÀi>Ì�i�Ì°Ê �ÌiÊÌ�>ÌÊÜiÊ�LÃiÀÛi`ÊÃ����>ÀÊÀiÃÕ�ÌÃÊÜ�Ì�Ê
�>`ÓÊ>�`Ê-«��`�ÞÊ­ÃiiÊ��ÃiÌÃÊv�ÀÊV��ÌÀ��ÊVi��ÃÊ��Ê��}ÕÀiÊ{]Ê
Ê>�`Ê
®]Ê
>�`Ê>ÊÀiVi�ÌÊÃÌÕ`ÞÊ��Ìi`ÊÌ�iÊÃ>�iÊv�ÀÊ,�`Ê>vÌiÀÊÌÀi>Ì�i�ÌÊÜ�Ì�ÊÌ�iÊ
�«Ã£Ê����L�Ì�ÀÊ
«`�xÊ­->VÀ�ÃÌ>�Êet al.]ÊÓä£n®°Ê��ÊV��ÌÀ>ÃÌ]Ê�ÛiÀ��}�ÌÊ
��VÕL>Ì���Ê�vÊ��
��
��ÛiÀÊVi��ÃÊ��Êä°xÊ��Ê��V�`>â��iÊ­Ì�Ê«À�`ÕViÊ
��VÀ�ÌÕLÕ�iÊ ÌÕvÌÃ®Ê Ài`ÕVi`Ê Ì�Ì>�Ê ���iÌ�V��ÀiÊ `Þ�i��Ê �iÛi�ÃÊ Ì�Ê >Ê
}Ài>ÌiÀÊiÝÌi�ÌÊÌ�>�ÊÀiÛiÀÃ��iÊ>���i]ÊÌ�>ÌÊÜ>ÃÊvÕÀÌ�iÀÊÀi`ÕVi`ÊLÞÊÌ�iÊ
>``�Ì���Ê�vÊÀiÛiÀÃ��iÊ­��}ÕÀiÊx]Ê�Ê>�`Ê
®°Ê
��ÃiÊ��Ã«iVÌ���Ê�vÊÌ�iÊä°xÊ
��Ê��V�`>â��i�ÌÀi>Ìi`ÊVi��ÃÊÀiÛi>�i`ÊÌ�>ÌÊÌ�iÞÊ«�ÃÃiÃÃi`ÊviÜiÀÊ��-
�iÌ�V��ÀiÃÊÜ�Ì�Ê iÝ«>�`i`Ê V�À��>Ã°Ê"vÊ ��Ìi]Ê Ì�iÊ�>��À�ÌÞÊ �vÊ Ì�iÊ
V�À��>�vÀiiÊ���iÌ�V��ÀiÃÊÜiÀiÊ�LÃiÀÛi`Ê��ÊÌ�iÊÛ�V���ÌÞÊ�vÊÌ�iÊ��VÀ�-
ÌÕLÕ�iÊÌÕvÌÃ]ÊÜ���iÊÌ��ÃiÊÜ�Ì�ÊiÝ«>�`i`ÊV�À��>ÃÊÜiÀiÊ��ÀiÊ���i�ÞÊÌ�Ê
LiÊ`�ÃÌ>�ÊvÀ��ÊÌ�iÊÌÕvÌÃÊ­��}ÕÀiÊx�]ÊL�ÌÌ��Ê«>�i�Ã®°Ê/�iÊv>VÌÊÌ�>ÌÊ>Ê
«�«Õ�>Ì���Ê�vÊ���iÌ�V��ÀiÃÊÜ>ÃÊ��ÌÊ ��ÊV��Ì>VÌÊÜ�Ì�Ê>Ê��VÀ�ÌÕLÕ�iÊ
ÌÕvÌp>ÌÊ�i>ÃÌÊ>ÌÊÌ�iÊÌ��iÊ�vÊwÝ>Ì���p���i�ÞÊiÝ«�>��ÃÊÌ�iÊ��V��«�iÌiÊ
Ài��Û>�Ê �vÊ `Þ�i��Ê �LÃiÀÛi`Ê ��Ê ä°xÊ ��Ê ��V�`>â��iÊ ­��}ÕÀiÊ x
®°Ê
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Corona-localized Mad2 contributes to inhibitory “wait 
anaphase” checkpoint signals
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FIGURE 5. The phosphatase pathway is not sufficient to disassemble the fibrous corona. (A) Representative time-lapse 
fluorescence images of CRISPR/Cas9 DHC-mClover cells progressing through mitosis. Scale bar = 10 µm. 
(B) Representative time-lapse fluorescence images of DHC-mClover cells treated with 5 µM nocodazole overnight and 
then imaged for 2 h in the absence (left) or presence of 10 µM reversine for 2 h (right). MG132 (10 µM) was included to 
prevent mitotic exit. Note the distinct corona morphology for DHC-mClover remains even after 2 h in reversine, 
suggesting that reversine reduces levels of kinetochore dynein, but does not trigger disassembly of the corona. Scale 
bar = 5 µm. (C, D) Representative time-lapse fluorescence images and quantitation of relative DHC-mClover levels in 
HeLa cells arrested in either (C) 5 µM or (D) 0.5 µM nocodazole (both with 10 µM MG132), and then treated with 10 µM 
reversine (at time = 0 min). Intensity values were corrected for photobleaching as described in Materials and Methods 
(n = 51 cells from 5 replicates for 5 µM; 24 cells from 2 replicates for 0.5 µM). The data (means ± SD) were fit (green or 
orange dashed lines; overlaid with 95% confidence interval indicated with shaded green or orange) to one-phase 
exponential decays with of t1/2

5 µM = 47.8 min and t1/2
0.5 µM = 15.9 min. To account for the time lag between acquiring the 

prereversine image and the first postreversine image (∼2.5 min), we assumed the intensity values for the 0 time point for 
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each were equal to that of the prereversine addition time point (dashed light-green or orange circle). Scale bars = 
10 µm. (E) Plots (mean ± SD) depicting mean normalized intensity for DHC-mClover at the beginning and end of the 
imaging period. (F) Representative images of DHC-mClover–expressing cells treated with either 5 or 0.5 µM nocodazole 
overnight. Note the lack of corona-like morphology for those kinetochores that are in close proximity of a microtubule 
tuft. Statistical significance in panel E was determined by comparing means using a Kruskal-Wallis one-way ANOVA test.



£ÓÊ NÊ �°Ê�°Ê�`iÊet al. Molecular Biology of the Cell

FIGURE 6: Corona-localized Mad2 is required for robust checkpoint signaling. (A) Representative fluorescence images of 
cells expressing either wild-type Rod, or Rod2A that were treated with 25 nM nocodazole for 2 h, then processed for 
immunofluorescence. White arrows depict unaligned chromosomes; white boxes delineate one pair of unattached 
kinetochores with either expanded coronas (in wild-type cells), or not (in Rod2A cells). Scale bar = 10 µm. (B) Plot (mean 
± SD) depicting cumulative mitotic exit (i.e., as a measure of mitotic duration) for cells treated with indicated 
concentration of nocodazole (treated for 2 h before imaging), and expressing either wild-type GFP-Rod, or GFP-Rod2A 
(n = 158 cells from 2 replicates for wild-type Rod, 25 nM nocodazole; 140 cells from 2 replicates for Rod2A, 25 nM 
nocodazole; 86 cells from 2 replicates for wild-type Rod, 660 nM nocodazole; 65 cells from 2 replicates for Rod2A, 660 nM 
nocodazole). Note the reduced mitotic duration in 25 nM nocodazole-treated cells expressing the Rod2A compared with 
wild-type Rod, indicating a weakened mitotic checkpoint for cells compromised for corona expansion. (C) Representative 
still images (fluorescence and DIC) from a time-lapse acquisition of cells for those described in panel B. Scale bar = 10 
µm. Inset depicts the localization of wild-type Rod to spindle poles, but not Rod2A (GFP channel only). (D) Plot (weighted 
mean ± weighted standard error of proportion) depicting fraction of cells with wild-type or mutant Rod at spindle poles 
(as determined from time-lapse images, as described in panel C). (E) Plot (mean ± SD) depicting cumulative mitotic exit 
for cells expressing either wild-type Mad1, or Mad13EK treated with 25 nM nocodazole for 2 h before imaging (n = 112 
cells from 2 replicates for wild-type Mad1; 153 cells from 2 replicates for Mad13EK). (F) Plot (mean ± SD) depicting mitotic 
indices of cells expressing either wild-type Mad1 or Mad13EK treated with 5 µM nocodazole for 16 h before being 
processed for immunofluorescence (n = 2000 cells from 2 replicates for wild-type Mad1; 2109 cells from 2 replicates for 
Mad13EK). Note endogenous Mad1 is lacking from these cells (see Materials and Methods). Statistical significance was 
determined by calculating P values from Z scores for proportion data for panels D and F.
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Cell culture
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FIGURE 7: Role of kinetochore dynein in checkpoint silencing is restricted to removal of SAC effectors from the corona. 
(A) Plot (mean ± standard error of proportion) depicting mitotic indices of cells expressing the indicated Spindly 
(wild-type or Spindly∆CCS; note endogenous Spindly was depleted via RNAi) and Mad1 (wild-type or Mad13EK; 
endogenous Mad1 was knocked out via CRISPR/Cas9). Note the reduced mitotic index of cells expressing both 
Spindly∆CCS and Mad13EK, indicating the lack of corona-localized Mad1/Mad2 can compensate for the lack of kinetochore 
dynein (n = 550 cells from 2 replicates for wild-type Spindly and wild-type Mad1; 305 cells from 2 replicates for wild-type 
Spindly and Mad13EK; 280 cells from 2 replicates for Spindly∆CCS and wild-type Mad1; 344 cells from 2 replicates for 
Spindly∆CCS and Mad13EK). (B) Plot (mean ± SD) depicting cumulative mitotic exit for cells expressing the indicated 
Spindly (wild-type or Spindly∆CCS) and Mad1 (wild-type or Mad13EK). As in panel B, note the ability of cells expressing 
Spindly∆CCS and Mad13EK to progress through mitosis (compare to cells expressing Spindly∆CCS and wild-type Mad1); n = 
114 cells from 2 replicates for wild-type Spindly and wild-type Mad1; 80 cells from 2 replicates for wild-type Spindly and 
Mad13EK; 91 cells from 2 replicates for Spindly∆CCS and wild-type Mad1; 171 cells from 3 replicates for Spindly∆CCS and 
Mad13EK. (C) Representative fluorescence time-lapse images of cells expressing H2B-mCherry, and the indicated Spindly 
(wild-type or Spindly∆CCS) and Mad1 (wild-type or Mad13EK). Scale bar = 10 µm. Statistical significance was determined 
by calculating P values from Z scores for proportion data for panel A.

https://en.bio-protocol.org/cjrap.aspx?eid=10.1091/mbc.e23-04-0130
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FIGURE 8: Model for dynein and the corona in spindle assembly checkpoint function. In wild-type cells (A) or in cells 
without Mad1/Mad2 at the fibrous corona (B; see Bi), a large number of unattached kinetochores in early mitosis can 
generate a sufficiently strong “wait anaphase” signal (comprised of diffusible MCC complexes; see orange gradient) 
that arrests mitotic progression. In early mitosis, as kinetochores make transient (e.g., lateral) microtubule attachments 
(see Aii), dynein evicts corona-localized Mad1 and Mad2 (blue square in Aii) in an indiscriminate manner. By specifically 
removing these molecules, dynein primes the kinetochore for rapid phosphatase-mediated eviction that is triggered by 
establishment of a stable, end-on attachment (see Aiii). Given that dynein performs this priming function early in 
prometaphase, the role of dynein in removing SAC effectors during late prometaphase is likely minimal. Unlike the 
dynein pathway, the phosphatase-mediated eviction of SAC effectors (see red squares in Aiii and Bii) is directly 
triggered by attachment status. Without corona-localized Mad1/Mad2, dynein function in checkpoint silencing becomes 
dispensable, and likely transports no SAC effectors (see Bii). The checkpoint function of the corona-localized pool of 
Mad1/Mad2 becomes especially apparent in situations in which a small number of chromosomes are unaligned. Without 
these molecules, cells likely exit mitosis with unaligned chromosomes.
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Immunofluorescence

i��ÃÊ ÜiÀiÊ À��Ãi`Ê ��Ê ÎÇc
Ê *�
�Ê LÕvviÀÊ ­ÈäÊ ��Ê *�*
-]Ê ÓxÊ ��Ê
�
*
-]Ê£äÊ��Ê
�/�]Ê>�`Ê{Ê��Ê�}-"{]Ê«�ÊÇ°ä®Ê>�`ÊÌ�i�Ê�ÞÃi`ÊLÞÊ
��VÕL>Ì���Êv�ÀÊÎÊ���Ê��ÊvÀiÃ��ÞÊ«Ài«>Ài`Ê�ÞÃ�ÃÊLÕvviÀÊ­*�
�ÊLÕvviÀÊ+ 
ä°x¯Ê /À�Ì��Ê 8�£ää®°Ê 
i��ÃÊ ÜiÀiÊ ÃÕLÃiµÕi�Ì�ÞÊ wÝi`Ê v�ÀÊ ÓäÊ���Ê >ÌÊ
À���Ê Ìi�«iÀ>ÌÕÀiÊ ��Ê vÀiÃ��ÞÊ «Ài«>Ài`Ê {¯Ê «>À>v�À�>�`i�Þ`iÊ ��Ê
*�
�ÊLÕvviÀÊ­ÎÇc
®°Ê�vÌiÀÊwÝ>Ì���]ÊVi��ÃÊÜiÀiÊÜ>Ã�i`ÊÌ�ÀiiÊÌ��iÃ]Ê
xÊ ���Ê i>V�]Ê ��Ê *�
��/Ê ­*�
�Ê LÕvviÀÊ +Ê ä°£¯Ê /À�Ì��Ê 8�£ää®Ê >�`Ê
L��V�i`Ê��Ê£ä¯ÊL���i`Ê`���iÞÊÃiÀÕ�Ê­	�-®Ê��Ê*�
�ÊLÕvviÀÊv�ÀÊ£Ê�Ê
>ÌÊÀ���ÊÌi�«iÀ>ÌÕÀi°Ê*À��>ÀÞÊ>�Ì�L�`�iÃÊ­��V�Õ`��}ÊÀiV��L��>�ÌÊ>�-
Ì�L�`�iÃÊ}i�iÀ>Ìi`Ê �����ÕÃiÆÊ�i�ÕV>Êet al.]ÊÓäÓ£®ÊÜiÀiÊ`��ÕÌi`Ê ��Ê
x¯Ê	�-Ê>�`Ê>``i`ÊÌ�ÊV�ÛiÀÃ��«ÃÊ�ÛiÀ��}�ÌÊ>ÌÊ{c
°Ê-iiÊ-Õ««�i�i�-
Ì>�Ê/>L�iÊ-£Êv�ÀÊ«À��>ÀÞÊ>�Ì�L�`ÞÊ��v�À�>Ì���°Ê�vÌiÀÊ��VÕL>Ì���ÊÜ�Ì�Ê

«À��>ÀÞÊ >�Ì�L�`Þ]Ê Vi��ÃÊ ÜiÀiÊ À��Ãi`Ê Ì�ÀiiÊ Ì��iÃ]Ê xÊ ���Ê i>V�]Ê ��Ê
*�
��/Ê>�`ÊÌ�i�Ê��VÕL>Ìi`Êv�ÀÊ{xÊ���Ê>ÌÊÀ���ÊÌi�«iÀ>ÌÕÀiÊÜ�Ì�Ê
ÃiV��`>ÀÞÊ>�Ì�L�`�iÃÊV���Õ}>Ìi`ÊÌ�Ê��iÝ>Ê{nn]Ê
ÞÎ]Ê�ÀÊ��iÝ>ÊÈ{ÇÊ
­�>V�Ã��Ê ���Õ��,iÃi>ÀV�Ê �>L�À>Ì�À�iÃ®Ê >ÌÊ £\ÈääÊ `��ÕÌi`Ê ��Ê x¯Ê
	�-°Ê
i��ÃÊÜiÀiÊ À��Ãi`Ê Ì�ÀiiÊ Ì��iÃ]Ê xÊ���Ê i>V�]Ê ��Ê *�
��/Ê >�`Ê
µÕ�V��ÞÊ À��Ãi`Ê ��Ê*�
�Ê v����Üi`ÊLÞÊ ��VÕL>Ì���Ê ��Ê��*�Ê ­ÓÊ�}É��®Ê
`��ÕÌi`Ê��Ê*�
�Êv�ÀÊÎäÊÃ°Ê
i��ÃÊÜiÀiÊÀ��Ãi`ÊÌ�ÀiiÊÌ��iÃ]ÊxÊ���Êi>V�]Ê
��Ê*�
��/]ÊµÕ�V��ÞÊÀ��Ãi`Ê��Ê*�
�]Ê>�`ÊÌ�i�Ê��Õ�Ìi`Ê��Ì�Ê}�>ÃÃÊ
Ã��`iÃÊÜ�Ì�Ê>�Ì�v>`iÊÃ��ÕÌ���Ê­�ä¯Ê}�ÞViÀ��]Êä°x¯ÊN�«À�«Þ�Ê}>��>Ìi®°Ê

�ÛiÀÃ��«ÃÊÜiÀiÊÃi>�i`ÊÜ�Ì�Ê�>��Ê«���Ã�Ê>�`ÊÃÌ�Ài`Ê>ÌÊ{c
°

Anti-Spindly antibody production
��Ì�L�`�iÃÊ>}>��ÃÌÊvÕ����i�}Ì�Ê-«��`�ÞÊÜiÀiÊ}i�iÀ>Ìi`Ê>ÌÊ,�V��>�`Ê
���Õ��V�i��V>�ÃÊ­���iÀ�V�]Ê*�®°Ê,>LL�ÌÃÊÜiÀiÊ���Õ��âi`ÊÜ�Ì�Ê«À�-
Ìi��Ê«ÕÀ�wi`ÊvÀ��ÊL>VÌiÀ�>ÊV��Ì>����}Ê«�
8È*£\-«��`�ÞÊ­>Ê}�vÌÊvÀ��Ê
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