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Abstract

Kinesins are a type of motor protein that use the energy of ATP hydrolysis to 

move along microtubules. Kinesin Catastrophe Modulator One (XKCM1) of Xenopus 

laevis was recently identified as a kinesin that is essential for the establishment and 

maintenance of mitotic spindles by affecting the microtubule dynamics in Xenopus egg 

extracts. In the present research, three different deletion constructs of XKCM1 fused 

with Green Flourescent Protein (GFP) were cloned, expressed, and characterized in order 

to determine which part of the XKCM1 structure was necessary for proper destabilization 

of microtubules. These deletion constructs have previously been studied z'n vivo without 

GFP, and the GFP:XKCM1 (187-592) construct acted as the minimal domain—that is, 

the shortest construct that still retained the destabilization ability of the full length 

protein. I hypothesized that the deletion construct GFP:XKCM1 (187-592) would again 

act as the minimal domain. The results of my microtubule destabilization assays did not 

support this hypothesis.
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Introduction

Xenopus Kinesin Catastrophe Modulator One (XKCM1) is a protein found in 

extracts of frog eggs that has been shown by Walczak et al. (1996) to be essential in the 

formation and maintenance of the mitotic spindle. This is because the absence of 

XKCM1 causes microtubules to be too long to function properly (Walczak et al., 1996). 

By utilizing ATP, XKCM1 directly destabilizes microtubules (Desai et al. 1999).

The research on XKCM1 is limited due to its recent discovery. It is known that 

XKCM1 influences the stability of microtubules by attaching directly to microtubule 

ends and inducing a destabilizing conformational change (Desai et al., 1999), but the

exact mechanism of this occurrence is still unknown.

In order to discover which segments of the protein are necessary for proper 

function, 18 deletion constructs of XKCM1 were made and studied in Ptk2 cells 

(Walczak personal communication). The deletion construct, consisting of amino acids 

(187-592), acted as the minimal domain, the smallest deletion construct that still retained 

the microtubule-destabilization activity of full length XKCM1 (Walczak personal 

communication).

Since in vivo experiments inevitably contain many unknown factors that could 

also affect microtubule stability, it was necessary to isolate and purify the deletion 

constructs and then study them in vitro with known components. I sub-cloned, 

expressed, and purified four of the previously studied deletion constructs fused with 

Green Fluorescing Protein (GFP) on the N-terminus. The four deletion constructs were 

GFP:XKCM1 (2-730), GFP:XKCM1 (187-592), GFP:XKCM1 (218-592), and 

GFP:XKCM1 (262-592). I hypothesized that GFP:XKCM1 (2-730) and GFP:XKCM1
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(187-592) would effectively destabilize microtubules and that GFP:XKCM1 (218-592) 

and GFP:XKCM1 (262-592), alternatively, would destabilize microtubules less 

effectively since they did not contain the essential fragment between amino acids (187- 

218).
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Materials & Methods

Cloning: The pFastBac (pFB)GFP:XKCMl (262-592) DNA construct had already been 

successfully cloned (Walczak personal communication). I used this as a vector to put the 

pEGFP:XKCMl (187-592) and pEGFP:XKCMl (218-592) inserts into pFastBac. DNA 

containing these two inserts was obtained from glycerol stocks of Escherichia coli 

streaked onto Luria-Bertani & 50 pg/mL Kanamycin (LB/Kan) plates. Vector and inserts 

were obtained through digests with Xhol and Pstl restriction enzymes. Xhol was from 

New England Biolabs (NEB), while Pstl was from Promega. NEB#3 buffer and bovine 

serum albumin (BSA) were used with these enzymes. The pFBl vector and 

pEGFP:XKCMl (187-592) & (218-592) inserts were isolated by running them on a 0.8% 

agarose/Tris-Borate EDTA buffer (TBE) gel stained with 0.75 pL of ethidium bromide. 

The proper bands were excised from the gel and the DNA was extracted from the gel 

using a QIAquick Gel Extraction Kit.

The inserts were then ligated into the pFB vector and transformed into DH5a 

competent E. coli cells using the protocol in NEB's Quick Ligation Kit. However, the 

following changes were made to the kit’s transformation procedure: the ligation mixture 

was added to 50 pL of competent cells that had already been aliquoted; the two were 

mixed together by flicking the tube gently; the heat shock was decreased to 20 seconds, 

and the following ice chill was decreased to two minutes; the cells were pelleted for 30 

seconds in a microcentrifuge; the supernatant was removed; and the pellet was 

resuspended in the remaining 100 pL of media before being spread onto LB/Ampicillin 

(LB/Amp) plates. Selection by Ampicillin was used because the pFBl vector contains a
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gene for Ampicillin resistance. Therefore, only E. coli with pFBl should have grown on 

the plates.

To further test that the E. coli contained the proper inserts, the DNA was digested 

and run on a 0.8% agarose/TBE/EtBr gel. In order to get enough DNA to run on the gel, 

colonies were picked from the LB/Amp plates, streaked on a numbered grid on LB/Amp 

plates, and inoculated in two mL of LB/Amp liquid culture to grow up overnight. The 

DNA was then extracted from the bacteria, prepped by digesting with Sacl/Kpnl (from 

NEB), and run on the gel. The proper pFBl vector was 5416 base pairs (bp) long, the 

pEGFP:XKCMl (187-592) insert was 1226 bp, and the pEGFP:XKCMl (218-592) insert 

was 1133 bp.

Sequencing: Each construct was also sequenced to ensure proper cloning. In order to 

cover the whole XKCM1 cDNA, four different primers were used: pEGFPCFl, 

pllB.6F, pllB.6AR, and pllB.5R. Different tubes were used for each combination of 

DNA type and primer.

Table 1: Components of cycle sequencing reactions:
Big Dye 1 Ox termination mix 2.0|xL

half Big Dye reagent 2.0|xL

3.2pmol primer l.OjiL

500ng DNA + sterile, distilled water 5.0|xL

Each tube was placed in a preheated thermocycler, which was programmed to 

repeat the following program 50 times: 96°C for 30 s, 50°C for 10 s, and 60°C for four 

min. Upon completion of the amplification, 10 |xL of sterile distilled water was added to
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each tube, and the samples were analyzed on an Applied Biosystems automated DNA 

sequencer by the Indiana University Molecular Biology Institute.

Baculovirus Expression System: Transformation of pFBGFP:XKCMl (187-592), (218- 

592), and (262-592) into DHlOBac competent cells, as well as the isolation of the 

recombinant Bacmid DNA were done according to the protocol in sections 3.4 and 3.5 of 

Gibco BRL's "Bac-to-Bac Baculovirus Expression Systems Instruction Manual," with the 

following amendments: for the transposition protocol (section 3.4), 200 |xL of thawed 

DHlOBac cells were dispensed into 15 mL polypropylene tubes (Step #3) and three |xL 

of recombinant donor plasmid were added instead of five p.L (Step #4); for the isolation 

(section 3.5), RNaseA was added directly before the isolation.

Transfection: Using sterile technique in a sterile hood, two wells of Spodoptera 

frugiperda-9 (Sf-9) cells per construct were incubated for one hour at 27°C. Each well 

contained 0.9x106 cells in 2 mL of Sf-900 II media Spodoptera frugiperda (SFM) with 

antibiotics and antimycotics (1% lOOx penicillin/streptomycin/fungizone). In SFM 

without antibiotics or antibmycotics (manufactured by Graces), bacmid DNA was mixed 

with CellFECTIN reagent, which contained lipids that formed a nonpolar complex with 

the DNA that enabled it to pass through the plasma membrane of the Sf-9 insect cells. 

The cells were washed with SFM without antibiotics or antimycotics and incubated with 

the diluted lipid-DNA complexes for five hours at 27°C. Next, the complex mixtures 

were removed and replaced with SFM with antibiotics and antimycotics, and incubated 

for 96 hours at 27°C. Stephanie Ems-McClung harvested the transfection by centrifuging 

supernatant from the wells for five minutes, at 500 x g. This supernatant was then 

removed, fetal bovine serum (FBS) was added to 2%, and the mixture was stored at 4°C,
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wrapped in aluminum foil (to protect the viruses from UV light). Viral titers of 2xl07 

plaque-forming units (PFU) per mL were expected using this procedure.

Pass I Amplification (all transfers done in sterile hood): Sf-9 cells in mid-log phase were 

infected with a Multiplicity of Infection (MOI) of 0.1 using virus harvested from the 

transfection above. MOI referred to the ability of the cells to become infected by the 

virus, which depended upon the stage of growth that the cells were in. In shaker flasks, 

50 mL of Sf-9 cells were infected for each type of virus—GFP:XKCM1 (187-592), 

GFP:XKCM1 (218-592), and GFP:XKCM1 (262-592). The virus-Sf-9 mixtures were 

incubated for 96 hours at 27°C. Next, cells were pelleted for ten minutes at 1200 x g. 

The supernatant was then transferred to a sterile conical vial and sterile filtered. FBS was 

added to 5% and the virus was stored at 4°C and wrapped in aluminum foil.

Titering Virus: Sf-9 cells in mid-log phase for each type of virus were seeded into six 

wells. Each well contained l.OxlO6 cells in two mL SFM with antibiotics and 

antimycotics. They were allowed to adhere for 35 minutes before adding the following 

series of viral dilutions for each type of virus:

Table 2: Viral Titers added to wells with Sf-9 cells:

5 6Well 1 2 3 4

Virus 0.0 ml 0.2 ml 0.4 ml 0.6 ml 0.8 ml 1.0 ml

Media 1.0 ml 0.8 ml 0.6 ml 0.4 ml 0.2 ml 0.0 ml

The dilutions were allowed to incubate with the cells for one hour before being 

replaced with fresh media, which was then allowed to incubate at 27°C for 45 hours. 

Susan Kline-Smith took microscopic pictures (20x) of each well. For each well, three
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representative view fields were found, and pictures were taken in phase (under normal 

light) and in GFP (under a Mercury lamp). To determine the best viral titer, the number 

of GFP cells was compared to the total number of live cells in each picture. The well 

with the best ratio of GFP cells per total number of live cells was the best titer. The two 

wells per viral type with the highest GFP/live cell ratio were harvested.

Harvesting consisted of scraping the wells with an ethanol-washed rubber 

policeman (to detach the cells) and transferring them to a 15 mL Falcon tube. The wells 

were then washed with three mL of lx PBS (120 mM Phosphate; 1.37 mM NaCl; 30 

mMKCl; pH 7.4) and the total volume was brought up to ten mL with PBS. These Sf-9 

cells were pelleted for five minutes at 266 x g and 4°C. The media was then aspirated off 

and the resulting cells were lysed by freezing in liquid. Finally, the lysed cells (lysates)

were stored at -80°C.

Lysates were prepared by thawing on ice and adding 200 p,L of lysis buffer. This 

mixture was then pelleted in a microcentrifuge tube for ten minutes at 4°C. The 

supernatant contained soluble XKCM1 and was used to do a mini-microtubule assay 

(procedure below). The pellet was resuspended in equal volume sample buffer and 

heated for five minutes on a sand block. This resuspension (five p.L) was 

electrophoresed on a sodium dodecyl sulfate-poly acrylamide electrophoresis (SDS- 

PAGE) gel and transferred to nitrocellulose for Western analysis.

Protein Expression: In 250 mL glass Erlenmeyer flasks, 20 mL of Sf-9 cells in mid-log 

phase and an MOI of two were infected with virus. The cells were then incubated for 45 

hours at 27°C. They were harvested by pelleting as per the titer harvest. The supernatant 

was then aspirated, cells were gently washed with 1/10 volume of lx PBS, and the pellets

CORETTE LIBRARY 
CARROLL COLLEGE
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were combined into one tube. The combined pellets were centrifuged again, as per the 

titer harvest. The supernatant was then aspirated and the pellets frozen in liquid N2 to 

lyse the cells. Lysate was then thawed on ice and resuspended in 10% (100 mM) 

FPLC/KC1 Buffer with two mM ATP, one mM DTT, one pg/mL LPC, and one mM 

PMSF. The resusupension was sonicated twice for ten seconds on the first setting. 

Pelleting followed for 15 min at 13K and 4°C in a microcentrifuge. The supernatant from 

this was then purified.

Protein Purification Using Sepharose: All steps were done on ice or at 4°C with cold 

buffers. All washes were performed by adding the solution to the sepharose beads and 

microcentrifuging at 13000 rpm for 30 seconds, in a 1.5 mL Eppendorf tube. Sepharose 

beads were obtained from a slurry solution. They were washed twice with one mL 

sterile, deionized water (sdw) and charged by washing twice with 100% FPLC/KC1 salt 

buffer, which was rotated with the beads for 40 min. The sepharose was equilibrated by 

washing twice with 10% FPLC/KC1 buffer (with ATP, DTT, LPC, and PMSF as per 

buffer used in expression test) for 20 min each.

The supernatant from the protein expression was saved and termed the Load (L). 

Each type of load (one mL) was added to 100 pi of sepharose and rotated for 30 min. 

After the normal centrifugation to pellet the beads, the supernatant was saved and labeled 

the Flow Through (FT). The sepharose was then washed twice with one mL of 10% 

FPLC/KC1 buffer (with ATP, DTT, LPC, and PMSF as per buffer used in expression test) 

for ten min. with rotation. The supernatant from these washes was discarded. Increasing 

concentrations of KC1 buffer-0.3 M, 0.6 M, and 1.0 M- were then used to elute the 

GFP:XKCM1 proteins, each rotated with the sepharose for 15 minutes. The Load, Flow
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Through, and three different eluates for each deletion construct were then loaded on a

10% SDS-PAGE gel.

Total protein concentrations in each of the eluates were measured using the 

Bradford Assay (Bradford, 1976). These concentrations were then used to determine 

how much to load on a SDS-PAGE gel for a BSA gel assay, in which specific 

concentrations of my GFP:XKCM1 proteins were determined using densitometry. 

Microscopy Microtubule Assay: Microtubules were polymerized by mixing four pi of 

rhodamine-labeled tubulin mix and 0.25 pL of 0.1 M GMPcPP into an Eppendorf tube on 

ice. Then, 45 pL of lx BRB80 were added and the Eppendorf tube was immediately put 

in 37°C for 30 min. The microtubules were then pelleted at 90K in a TLA 100 rotor for 

five minutes at 37°C and resuspended in 50 pL of lx BRB80 and stored at room 

temperature (RT) while the following reactions were prepared.

For Group One, one pi of 15 mM ATP was added to three pi sdw and allowed to 

equilibrate at RT for two to five minutes. For Group Two, 1 pL of 50 nM of the 

different GFP:XKCM1 proteins was added. This gave two groups of four reactions each. 

The first group had five pi of microtubules added five minutes before Group Two to 

allow time for microscopy. Group One contained 10% FPLC Buffer (negative control), 

full length XKCM1 (positive control), GFP:XKCM1 (187-592), and GFP:XKCM1 (218- 

592). Group Two contained 10% FPLC buffer (negative control), a mutated 

GFP:XKCM1 (187-592), GFP:XKCM1 (218-592), and GFP:XKCM1 (262-592). 

Microscopy (oil, 60x) was done starting at about 15 minutes after the microtubules were 

mixed with the reaction mixtures. Pictures were taken with a 500 msec exposure of four 

random view fields for each protein construct to visualize microtubule destabilization.
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The most representative picture for each construct was selected and rated on a scale of 

zero to four +'s for destabilization activity.
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Results

Cloning: The first objective of this study was to properly clone the DNA for the different 

constructs into the Fast Bac vector. pFBGFP:XKCMl (263-592) had already been 

cloned and sequenced by Jane Stout. Successful cloning of pFBGFP:XKCMl (187-592) 

was indicated by appropriate band locations on 0.8% agarose/TBE/EtBr gels after 

Xhol/Pstl digestion, as seen in Figure 1. In this figure, the left column is a one kilobase 

ladder and the right column is a DNA X ladder. In between, six different samples from 

Xhol/Pstl digests were run (the left six lanes of the seven seen). In five of them, the 

fragments of 5416bp (vector) and 1226bp (insert) are seen, which was expected from this 

digest.

Figure 1: 0.8% agarose/TBE/EtBr gel showing proper pFBGFP:XKCMl (187-592)
insert and vector sizes:

Figure 2 shows six pFBGFP:XKCMl (218-592) samples, also on a 0.8% 

agarose/TBE/EtBr gel. For this deletion construct, however, the band lengths should be 

1133bp (insert) and 5416 (vector) after digestion with Sacl/Kpnl. Such bands occurred in 

only four of the six. I was unable to clone pFBGFP:XKCMl (2-730).
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insert and vector sizes:

To further confirm that pFBGFP:XKCMl (187-592) and (218-592) had been 

cloned correctly, each was sequenced using pEGFPCFl, pllB.6F, pllB.6AR, and 

pi 1B.5R as primers. Then, all of these sequencing results were compared with the DNA 

Strider file for each insert. The four primer sequences together covered all of the 

GFP:XKCM1 insert sequence and showed no mutations in the cloned DNA. Since 

pFBGFP:XKCMl (187-592), pFBGFP:XKCMl (218-592), and pFBGFP:XKCMl (263- 

592) all contained the correct sequences, they should have properly encoded for the 

constructs in Figure 3 that contained deletions of the protein.

Putative Putative

Figure 3: GFP:XKCM1 Deletion Constructs:

Amino Acids

2-731

187-592

217-592

263-592
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Expression: The second objective was to express the XKCM1 deletion constructs using 

Sf-9 cells. First, the constructs had to be transformed into competent DHlOBac E. coli

cells. This transformation was confirmed by the presence of white colonies using P-

galactosidase blue/white color selection.

Next, the Bacmid DNA had to be transfected into the Sf-9 cells. Stephanie Ems- 

McClung confirmed this by observing that the cells were green (expressing GFP) at 20x 

objective under a mercury lamp. The titer results (Table 3) showed that the best volume 

of virus to use in one mL was 0.2mL for each construct type. There was an error made 

when preparing the titer. Instead of pipetting from the wells with the lowest 

concentration to the wells with the highest, wells of lower concentration were 

contaminated with cells from a higher concentration of virus.

Table 3: Number of GFP expressing cells/total # of live cells (Percentage of GFP-
expressing cells out of the total # of alive cells) + number of dead cells observed:

VOL.
VIRUS
IN 1ML GFP:XKCM1 (187-592) GFP:XKCM1 (218-592) GFP:XKCM1 (262-592)

*0 20/47 (42.6%) +4dead 1/82 (1.2%)+1 dead 17/58 (29.3%) +4dead

0.2 48/70 (68.6%) +0dead 48/71 (67.6%) +0dead 43/63 (68.3%) +0dead

0.4 31/57 (54.4%) +2dead 47/72 (65.3%) +1dead 37/62 (59.7%) +3dead

0.6 34/62 (54.8%) +3dead 28/65 (43.1%)+1 dead 35/58 (60.3%) _1 dead

0.8 34/74 (45.9%) +3-4d 32/62 (51.6%) +2dead 36/59 (59.3%) +0dead

1 33/74 (45.0%) +0dead 37/74 (50%) +3dead 31/59 (52.5%) +1dead
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Digital photographs of the 0.2mL titers showed that infected Sf-9 cells can be 

visually differentiated from non-infected Sf-9 cells by comparing how they look under 

normal light (in phase) versus how they look when under a mercury lamp (which shows 

GFP) (Figure 4). In addition, infected cells can be detected by looking in phase alone 

because they appeared granular.

GFP Overlay

:XKCM1 (218-592):

:XKCM1 (187-592):

c) Sf-9 cells infected with GFP:XKCM1 (262-592):

Figure 4: Viral titer images in phase and GFP for 0.2 mL of virus of all three constructs:
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Characterization: The third objective of my research, the actual characterization of the 

GFP:XKCM1 deletion constructs, was accomplished by assessing their ability to 

destabilize microtubules on a scale of one to four +’s. Two separate destabilization 

assays were done. The first is shown in Figure 5 while the second is shown in Figure 6.

FPLC Buffer (negative control) No Destab. XKCM1 (positive control)

GFP:XKCM1 (187-592) +++ GFP:XKCM1 (218-592) ++
Figure 5: Microscopic Microtubule Destabilization Assay #1:
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FPLC Buffer (negative control) No destab. Mutated GFP:XKCM1 (187-592)______++

GFP:XKCM1 (187-592) ++ GFP:XKCM1 (263-592) ++
Figure 6: Microscopic Microtubule Destabilization Assay #2:
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Discussion

Cloning: The three deletion constructs of interest—GFP:XKCM1 (187-592),

GFP:XKCM1 (218-592), and GFP:XKCM1 (262-592)—were successfully cloned. This 

allowed me to study them with GFP and express them in eukaryotic (Sf-9) cells. I was 

not able to clone GFP:XKCM1 (2-730) (see end of discussion section), so I had to use 

XKCM1 (2-730) as a positive control in the first microtubule destabilization assay 

(Figure 5).

Expression: Despite the contamination that occurred during the viral titer, the protein 

was still effectively expressed. The purpose of the viral titers was to find the 

concentration of virus that infected the most cells, without killing all of them. Even if the 

concentration of virus used was not optimal, this would only affect the amount of protein 

expressed, not the nature of the protein expressed. The contamination mistake changed 

the concentrations of the wells an unknown amount, but the essential fact is that there 

were enough infected cells to obtain the volume of GFP:XKCM1 constructs needed. As

described in the materials and methods, the exact concentrations of each GFP:XKCM1 

construct was later determined using a Bradford Assay (Bradford, 1976) so that known 

amounts could be added to the microtubules in the destabilization assays.

Characterization: The ultimate goal of this research was to observe the destabilization 

activity of the four GFP:XKCM1 deletion constructs. Since I was unable to clone the 

GFP:XKCM1 (2-730) construct, I used XKCM1 (2-730) as a positive control in the first 

destabilization assay (Figure 5). The GFP should not have affected the activity of the 

protein, so this serves as a viable substitute.
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I also compared my data to results from Walczak (personal communication), who

observed XKCM1 (187-592) as the minimal domain. That is, the smallest construct that 

destabilized microtubules as well as the full length, XKCM1 (2-730). In the same 

experiment, XKCM1 (218-592) and XKCM1 (262-592) were seen to have significantly 

less destabilization activity. Since this has been the only previous study on XKCM1 

deletion constructs, my hypothesis was that the deletion constructs would behave 

similarly. However, the previous destabilization assay was done in vivo, where there are 

many unknown components. In contrast, this project was done in vitro, with only four 

known biochemical components: microtubules, ATP, buffer, and GFP:XKCM1 deletion

constructs.

My microtubule destabilization assays showed slightly different results from my 

hypothesis, because GFP:XKCM1 (187-592) did not clearly destabilize microtubules as 

well as the XKCM1 (2-730). In the first assay, XKCM1 (2-730) destabilized greatly and 

thus received a four + rating on a scale from zero to four +'s, while GFP:XKCM1 (187- 

592) destabilized slightly less (three +'s).

In the second assay, there was no full length XKCM1 (positive control), but 

GFP:XKCM1 (187-592), mutated GFP:XKCM1 (187-592), and GFP:XKCM1 (262-592) 

all destabilized the same amount (two -i-’s). These results do not support my hypothesis 

that GFP:XKCM1 (187-592) is the minimal domain, because it did not destabilize better 

than the smaller constructs-GFP:XKCMl (218-592) and GFP:XKCM1 (262-592).

Further studies need to be done with these deletion constructs. Their 

destabilization activity can be quantitatively measured (unlike my visual destabilization 

assays) by doing a supematant/pellet microtubule destabilization assay, in which the
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protein is allowed to interact with the microtubules for an appropriate amount of time, 

followed by a centrifugation that pellets the microtubules (Walczak personal 

communication). One can then determine if the GFP:XKCM1 has bound to the 

microtubules (if it is found in the pellet), or if it has remained unbound (it would then be 

soluble in the supernatant). The deletion constructs can also be studied for microtubule 

localization by using a non-hydrolyzable form of ATP that would render the proteins 

unable to destabilize. Since the destabilization may cause the protein to dissociate from 

the microtubule, this non-hydrolyzable form would show where the protein actually binds

to the microtubule before it destabilizes and dissociates.

In addition, the visual microtubule destabilization assays need to be redone with a 

true positive control, GFP:XKCM1 (2-730), just in case the GFP causes XKCM1 to act 

differently. Finally, my experiment needs to be repeated to see if the results are 

reproducible because this is the first time that these constructs have been studied 

biochemically.

Explanation for unsuccessful cloning of GFP:XKCM1 (2-730): More than one restriction 

site for Xhol and Pstl existed within the full length insert. Digesting with these enzymes 

would have digested the insert itself, rendering it useless. Therefore, Xhol and Pstl could 

not be used to clone the full length protein.

The original plan for cloning the full length protein consisted of digesting with 

Sacl and Kpnl restriction enzymes, which would have left the insert intact. Doing so 

yielded appropriate bands on the gel electrophoresis. But several attempts at 

transforming into DH5a E. coli cells were unsuccessful, as no colonies grew on the 

plates. Since the full length construct with GFP was unable to be cloned, the full length
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construct without GFP (XKCM1) was used as a positive control in Microtubule Assay #1 

(Figure 5). This construct (XKCM1) had already been cloned by the Walczak Lab.
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