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Supplementary methods 

Co-expression of γ-TuSC and Mzt1-His in insect cells 
Bacmid preparation 

Bacmids were generated by transforming DH10Bac competent cells with the 
plasmids pCF.4546 (Mzt1-His), pCF.4550 (Alp4 and Gtb1) and pCF.4551 (Alp6-
TEV-MBP-His and Gtb1). The cells were plated on LB agar containing 0.4 mM 
IPTG, 100 μg/ml 5-bromo-3-indolyl-beta-galactoside (Bluo-Gal), 50 μg/ml 
kanamycin, 7 μg/ml gentamycin and 10 μg/ml tetracycline, and incubated at 37℃ in 
the dark for 48~72 hours until blue/white colonies appeared. White colonies were 
picked and verified by polymerase chain reaction (PCR), and correct colonies were 
inoculated into 6 ml LB liquid containing 50 μg/ml kanamycin, 7 μg/ml gentamycin 
and 10 μg/ml tetracycline and cultured at 37℃ overnight. Bacmids were isolated the 
next day with StarPrep Fast Plasmid Mini Kit (D201-04, GenStar). 

Baculovirus production and co-expression of γ-TuSC and Mzt1-His 
Sf9 insect cells were used to produce baculovirus, and High Five insect cells were 

used to co-express γ-TuSC and Mzt1-His. Insect cells were cultured in SIM SF 
Serum-Free Medium (MSF1, Sino Biological) with 1% Penicillin-Streptomycin (PS) 
at 27℃. The bacmids, described above, were used to produce baculovirus, which was 
amplified to obtain P1, P2, and P3 batches. To co-express γ-TuSC and Mzt1-His, we 
co-infect High Five insect cells at the log phase (1.5-2.5 × 106 cells/ml) with equal 
volumes of corresponding P3 baculoviruses. After ~72 hours of infection, the infected 
cells were collected by centrifugation at 700 g for 5 minutes.  

Expression of GFP-Klp2, MCP-mCherry and MCP-GFP in HEK293T cells 
Plasmids for protein expression in HEK293T cells were isolated by using 

QIAGEN Plasmid Plus Midi kit (12943, QIAGEN). HEK293T cells were cultured in 
DMEM/F12 medium (G4610, Servicebio) with 10% FBS and 1% Penicillin-
Streptomycin (PS) at 37°C. Polyethylenimine (PEI) (24765, Polysciences) was used 
to transfect HEK293T cells, following a previous protocol (33). Briefly, we mixed 30 
μg plasmids and 60 μl PEI (1 mg/ml) in serum-free medium and transfected cells in a 
15-cm dish. After 12-24 hours, DMEM/F12 with 10% FBS and 1% Penicillin-
Streptomycin were added to replace the transfection medium. We then harvested cells
after 36 hours of the medium replacement.

Protein purification 
Purification of γ-TuSC and Mzt1-His from insect cells 

γ-TuSC, with Alp6 tagged with TEV-MBP-His, and Mzt1-His co-expressed in 
insect cells were purified with Amylose resins (E8021, NEB). High Five insect cells 
from 200 ml culture were resuspended in 30 ml pre-cooled HB100 buffer (40 mM K-
HEPES, 100 mM KCl, 1 mM EGTA, 1 mM MgCl2, 0.1 mM GTP, 1 mM DTT, pH 
7.5) supplemented with 1 mM PMSF (Sangon), pepstatin (Sangon), and EDTA-free 
protease inhibitors (Roche). The resuspended cells were crushed with a high-pressure 
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crusher (600-700 MPa) for 5 minutes, and cell lysates were centrifuged for 45 minutes 
at 13,800 g at 4℃. The supernatant was filtered through a 0.45 μm filter and then a 
0.22 μm filter. The filtered supernatant was incubated with 2 ml Amylose resins 
(E8021, NEB) for 4 hours at 4℃, and the Amylose resins were washed with 30-40 
column volumes of HB100 buffer and eluted with HB100 buffer containing 50 mM 
maltose. For Amylose pull-down assays, the resins bound with γ-TuSC and Mzt1-His 
were kept in HB100 buffer containing 0.1% Triton X-100 and 20% glycerol and 
stored at -20℃. 

Purification of GFP-Klp2, MCP-mCherry and MCP-GFP from HEK293T cells 
StrepII-GFP-Klp2, MS2-coat protein (MCP)-mCherry StrepII and MCP-GFP 

StrepII were purified with streptactin resins (SA053100, Smart-Lifesciences), 
following a previous protocol (33). Specifically, HEK293T cells were resuspended in 
cold PBS buffer and centrifuged for 5 minutes at 188 g at 4℃. The cell pellets were 
resuspended and lysed in lysis buffer (50 mM Na-HEPES, 150 mM NaCl, 1 mM 
EGTA, 1 mM MgCl2, 0.5% Triton X-100, pH 7.5) supplemented with 1 mM PMSF 
(Sangon) and EDTA-free protease inhibitors (Roche) for 30 minutes at 4℃. The cell 
lysate was then centrifuged for 20 minutes at 16,200 g at 4℃, and the supernatant was 
incubated with 200 μl streptactin resins for 2 hours at 4℃. After washing eight times 
with 1 ml lysis buffer, the resins were washed twice with 1 ml wash buffer (50 mM 
Na-HEPES, 150 mM NaCl, 1 mM EGTA, 1 mM MgCl2, 0.05% Triton X-100, pH 
7.5). Finally, proteins were eluted with 150 μl elution buffer (50 mM Na-HEPES, 150 
mM NaCl, 1 mM EGTA, 1 mM MgCl2, 3.75 mM desthiobiotin, 10% glycerol, 0.05% 
Triton X-100, pH 7.5). 

Purification of Mto1-Mto2, Rsp1 and Rsp1-Ssa1 complexes from fission yeast cells 
Mto1-ymScarlet-StrepII-Mto2-13Myc, Mto1-mCherry-StrepII-Mto2-13Myc, 

Rsp1-mCherry-StrepII and Rsp1-eGFP-StrepII-Ssa1-HA were purified from fission 
yeast cells with streptactin resins (SA053100, Smart-Lifesciences). These proteins 
were expressed using pJK148-Pnmt1 and pJK210-Pnmt1 plasmids from the nmt1 
promoter, which can be repressed by thiamine. Yeast cells were cultured in EMM5S 
(thiamine-free) at 30℃ and harvested at OD600 ~1.0. Cell pellets were frozen in liquid 
nitrogen and ground in liquid nitrogen with a mortar grinder RM 200 (Retsch). After 
grinding, cells were dissolved in lysis buffer containing 1 mM PMSF (Sangon) and 
EDTA-free protease inhibitors (Roche). For Mto1-Mto2, lysis buffer (50 mM Na-
HEPES, 300 mM NaCl, 1 mM EGTA, 1 mM MgCl2, 0.1 mM GTP, 1% Triton X-100, 
pH 7.5) was used; for Rsp1 and Rsp1-Ssa1, lysis buffer (50 mM Na-HEPES,150 mM 
NaCl, 1 mM EGTA, 1 mM MgCl2, 0.1 mM ATP, 1% Triton X-100, pH 7.0) was used. 
We lysed the cells for 1 hour on a tube roller at 4℃ and centrifuged the lysate twice 
for 20 minutes at 16,200 g at 4℃, and the supernatant was incubated with 200 μl 
streptactin resins for 2 hours at 4℃. 

Before elution of Mto1-Mto2, the resins were washed four times each with 1 ml 
wash buffer A (50 mM Na-HEPES, 300 mM NaCl, 1 mM EGTA, 1 mM MgCl2, 0.1 
mM GTP, 0.5% Triton X-100, pH 7.5), four times each with 1 ml wash buffer B (50 
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mM Na-HEPES, 150 mM NaCl, 1 mM EGTA, 1 mM MgCl2, 0.1 mM GTP, 0.5% 
Triton X-100, pH 7.5), four times each with 1 ml wash buffer C (50 mM Na-HEPES, 
150 mM NaCl, 1 mM EGTA, 1 mM MgCl2, 0.1 mM GTP, 0.05% Triton X-100, pH 
7.5). Finally, we eluted Mto1-Mto2 with 150 μl elution buffer (50 mM Na-HEPES, 
150 mM NaCl, 1 mM EGTA, 1 mM MgCl2, 0.1 mM GTP, 3.75 mM desthiobiotin, 
10% glycerol, 0.05% Triton X-100, pH 7.5). For pull-down assays, the resins bound 
with Mto1-ymScarlet-StrepII-Mto2-13Myc were kept in wash buffer C containing 
0.1% Triton X-100 and 20% glycerol and stored at -20℃. Expression of Mto2-13Myc 
was checked by western blotting assays with an antibody against Myc (1:2000 
dilution; 13-2500, ThermoFisher). 

Before elution of Rsp1 and Rsp1-Ssa1, the resins were washed eight times each 
with 1 ml wash buffer D (50 mM Na-HEPES, 150 mM NaCl, 1 mM EGTA, 1 mM 
MgCl2, 0.1 mM ATP, 0.5% Triton X-100, pH 7.0) and four times each with 1 ml wash 
buffer E (50 mM Na-HEPES, 150 mM NaCl, 1 mM EGTA, 1 mM MgCl2, 0.1 mM 
ATP, 0.05% Triton X-100, pH 7.0). Finally, we eluted Rsp1 and Rsp1-Ssa1 with 150 
μl elution buffer (50 mM Na-HEPES, 150 mM NaCl, 1 mM EGTA, 1 mM MgCl2, 0.1 
mM ATP, 3.75 mM desthiobiotin, 10% glycerol, 0.05% Triton X-100, pH 7.0). 
Expression of Ssa1-HA was checked by western blotting assays with an antibody 
against HA (1:1000 dilution; 11867423001, Roche). 

Purification of proteins from E.coli cells 
GST, GST-Rsp1, and His-GFP-Klp2 were expressed in E.coli Rosetta competent 

cells that were transformed with pGEX-4T2 (GST), pGEX-4T2-Rsp1 (GST-Rsp1) or 
pGEX-6P-1-Rsp1 (GST-Rsp1), and pET28a-GFP-Klp2 (His-GFP-Klp2) plasmids, 
respectively. His-MBP, and His-GFP-Mal3 were expressed in E.coli BL21 competent 
cells that were transformed with pET28a-MBP and pET28a-GFP-Mal3 plasmids, 
respectively. Protein expression was induced with 0.5 mM IPTG at 16℃ for 16 hours 
when culture OD600 reached ~0.8. 

GST-fused proteins were purified with Glutathione Sepharose 4B resins 
(17527902, www.cytivalifesciences.com), and His-fused proteins were purified with 
Ni-NTA resins (30430, Qiagen). For GST and GST-Rsp1, cell pellets were 
resuspended in 30 ml pre-cooled lysis buffer (20 mM Tris, 150 mM NaCl, 10 mM 
MgCl2, 0.1 mM ATP, pH 7.0) containing lysozyme, 1 mM PMSF (Sangon), pepstatin 
(Sangon), and EDTA-free protease inhibitors (Roche). For His-GFP-Klp2 and His-
GFP-Mal3, cell pellets were resuspended in 30 ml pre-cooled lysis buffer (50 mM 
NaH2PO4, 300 mM NaCl, 10 mM β-mercaptoethanol, 2 mM MgCl2, 0.1 mM ATP, pH 
8.0) containing 20 mM imidazole, lysozyme, 1 mM PMSF (Sangon), pepstatin 
(Sangon), and EDTA-free protease inhibitors (Roche). For His-MBP, cell pellets were 
resuspended in 30 ml pre-cooled HB100 buffer (40 mM K-HEPES, 100 mM KCl, 1 
mM EGTA, 1 mM MgCl2, 1 mM DTT, pH 7.5) containing 30mM imidazole, 
lysozyme, 1 mM PMSF (Sangon), pepstatin (Sangon), and EDTA-free protease 
inhibitors (Roche). 

E.coli cells were broken with a high-pressure crusher (700-800 MPa) for 2
minutes, and the lysates were centrifuged for 30 minutes at 13,800 g at 4℃. The 

http://www.cytivalifesciences.com/
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supernatant was incubated with 500 ul Glutathione Sepharose 4B resins (17527902, 
www.cytivalifesciences.com) or 2 ml Ni-NTA resins (30430, Qiagen) for 2 hours at 
4℃. After incubation, the resins were washed with 30-40 column volumes of lysis 
buffer containing 0.05% Triton X-100. Finally, we eluted proteins with lysis buffer 
containing 5 mM reducing glutathione for GST-fused proteins, 200 mM imidazole for 
His-GFP-Klp2, or 300 mM imidazole for His-GFP-Mal3 and His-MBP. 

Co-immunoprecipitation and pull-down assays 
Co-immunoprecipitation 

Fission yeast strains expressing GFP (ectopic expression from the cam1 
promoter) and Myc proteins (endogenous expression) were inoculated in Yeast 
Extract (YE) medium supplemented with adenine, leucine, uracil, histidine, and lysine 
(0.225 g/l each, referred to as YE5S) (Formedium). Exponentially grown cells were 
harvested from 1 liter culture and were ground in liquid nitrogen with the mortar 
grinder RM 200 (Retsch). Ground cells were dissolved in TBS buffer (Tris-buffered 
saline, pH 7.5) containing 0.1% Triton X-100 and supplemented with cocktail 
protease inhibitors and 1 mM PMSF at 4℃ for 30 minutes. Cell lysates were then 
centrifuged at 16,200 g at 4℃ for 30 minutes, and the supernatants were collected for 
co-immunoprecipitation. Specifically, Dynabeads Protein G beads (10004D, 
ThermoFisher) bound with GFP antibodies (home-made, GenScript) were added to 
the supernatants, and the mixture was incubated at 4℃ on a rotator for 2 hours. The 
Dynabeads protein G beads were then washed three times with TBS buffer containing 
0.1% Triton X-100 and once with TBS buffer, followed by boiling in SDS sample 
buffer at 100℃ for 5 minutes. Co-precipitated proteins were analyzed by western 
blotting with antibodies against GFP (1:2000 dilution; 600-101-215, Rockland-inc), 
and Myc (1:2000 dilution; 600-401-381, Rockland-inc). 

Dynabeads Protein G pull-down assays 
To examine the interaction between Rsp1-Ssa1 and Mto1-Mto2, an anti-

tdTomato antibody (home-made, GenScript) was bound to Dynabeads Protein G 
beads, and the antibody-coated beads were equilibrated in HEPES buffer (50 mM 
HEPES, 150 mM NaCl, 1 mM EGTA, 1 mM MgCl2, 0.1 mM GTP, 0.1 mM ATP, 
0.1% Triton X-100, pH 7.5). In the meantime, the following sets of proteins were 
mixed (total volume is 200 μl) and incubated at room temperature for 30 minutes: 1) 
Mto1-mCherry-StrepII-Mto2-13Myc and Rsp1-GFP-StrepII-Ssa1-HA, 2) MCP-
mCherry-StrepII and Rsp1-GFP-StrepII-Ssa1-HA, 3) Mto1-mCherry-StrepII-Mto2-
13Myc and MCP-GFP-StrepII, and 4) MCP-mCherry-StrepII and MCP-GFP-StrepII. 
The antibody-coated beads were then added to the protein mixture and incubated at 
4℃ for 2 hours. The beads were washed three times with 1 ml HEPES buffer and 
once with 1 ml HEPES buffer without Triton X-100, followed by boiling in SDS 
sample buffer at 100℃ for 5 minutes. The pull-down protein samples were then 
analyzed by SDS-PAGE and western blotting with antibodies against tdTomato 
(1:1000 dilution; home-made, GenScript) and GFP (1:2000 dilution; 600-101-215, 
Rockland-inc). 
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To examine the interaction between Mto1-Mto2 and γ-TuSC-Mzt1, a similar 
approach as stated above was employed with the following modifications. An anti-
MBP antibody was bound to Dynabeads Protein G beads. The sets of protein mixture 
are follows: 1) Mto1-mCherry-StrepII-Mto2-13Myc and γ-TuSC-Mzt1, 2) Mto1-
mCherry-StrepII-Mto2-13Myc and His-MBP, 3) MCP-mCherry-StrepII and γ-TuSC-
Mzt1, and 4) MCP-mCherry-StrepII and His-MBP. The pull-down protein samples 
were analyzed by SDS-PAGE and western blotting with antibodies against tdTomato 
(1:1000 dilution; home-made, GenScript) and MBP (1:2000 dilution; AE016, 
ABClonal). 

To examine the interaction between Rsp1-Ssa1 and γ-TuSC-Mzt1, a simlar 
approach as stated above was employed with the following modifications. An anti-
MBP antibody was bound to Dynabeads Protein G beads. The sets of protein mixture 
are follows: 1) Rsp1-GFP-StrepII-Ssa1-HA and γ-TuSC-Mzt1, 2) Rsp1-GFP-StrepII-
Ssa1-HA and His-MBP, 3) MCP-GFP-StrepII and γ-TuSC-Mzt1, and 4) MCP-GFP-
StrepII and His-MBP. The pull-down protein samples were analyzed by SDS-PAGE 
and western blotting assays with antibodies against GFP (1:2000 dilution; 600-101-
215, Rockland-inc) and MBP (1:2000 dilution; AE016, ABClonal). 

GST pull-down assays 
Glutathione Sepharose 4B resins bound with GST-Rsp1 or GST were incubated 

with His-GFP-Klp2 at 4℃ for 2 hours. After incubation, the resins were washed three 
times with TBS buffer containing 0.1% Triton X-100 and once with TBS buffer, 
followed by boiling in SDS sample buffer at 100℃ for 5 minutes. The pull-down 
protein samples were then analyzed by SDS-PAGE and western blotting assays with 
antibodies against GFP (1:2000 dilution; 600-101-215, Rockland-inc) and GST 
(1:10000 dilution; AE006, ABClonal). 

Amylose pull-down assays 
To test the competitive binding of γ-TuSC-Mzt1 and Rsp1-Ssa1/MCP to Mto1-

Mto2, amylose resins bound with γ-TuSC-Mzt1-His were washed once with 1 ml 
HB100 buffer (40 mM K-HEPES, 100 mM KCl, 1 mM EGTA, 1 mM MgCl2, 0.1 mM 
GTP, 0.1 mM ATP, 0.5% Triton X-100, pH 7.5) and incubated with the following sets 
of proteins: 1) Mto1-ymScarlet-StrepII-Mto2-13Myc alone, 2) Mto1-ymScarlet-
StrepII-Mto2-13Myc and Rsp1-GFP-StrepII-Ssa1-HA, or 3) Mto1-ymScarlet-StrepII-
Mto2-13Myc and MCP-GFP-StrepII, in HB100 buffer at 4℃ for 1.5 hours. After 
incubation, the resins were washed three times with 1 ml HB100 buffer and once with 
1 ml HB100 buffer without Triton X-100, followed by boiling in SDS sample buffer 
at 100℃ for 5 minutes. The pull-down protein samples were then analyzed by SDS-
PAGE and western blotting with antibodies against tdTomato (1:1000 dilution; home-
made, GenScript), Myc (1:2000 dilution; 13-2500, ThermoFisher), GFP (1:2000 
dilution; 600-101-215, Rockland-inc) and γ-Tubulin (1:1000 dilution; T5326, Sigma-
Aldrich). 

Streptactin pull-down assays 



To test the competitive binding of Klp2/Mal3 and Mto1-Mto2 to Rsp1, the 
streptactin resins bound with Mto1-ymScarlet-StrepII-Mto2-13Myc were washed 
once with 1 ml HEPES buffer (50 mM HEPES, 150 mM NaCl, 1 mM EGTA, 1 mM 
MgCl2, 0.1 mM GTP, 0.1 mM ATP, 0.1% Triton X-100, pH 7.5) and blocked with 
HEPES buffer containing 0.5% non-fat milk at 4℃ for 1 hour (34). In the meantime, 
GST-Rsp1 was incubated with His-GFP-Klp2 or His-GFP-Mal3 at 25℃ for 30 
minutes. The protein mixture and GST-Rsp1 alone were then added to the streptactin 
resins and incubated at 4℃ for 1.5 hours. After incubation, the resins were washed 
three times with 1 ml HEPES buffer and once with 1 ml HEPES buffer without Triton 
X-100, followed by boiling in SDS sample buffer at 100℃ for 5 minutes. The pull-
down protein samples were then analyzed by SDS-PAGE and western blotting assays
with antibodies against tdTomato (1:1000 dilution; home-made, GenScript), Myc
(1:2000 dilution; 13-2500, ThermoFisher), GFP (1:2000 dilution; 600-101-215,
Rockland-inc), and GST (1:2000 dilution; AE006, ABClonal).

Cold treatment experiments to depolymerize microtubule 
For microtubule regrowth assay, cells were placed on ice in Eppendorf tubes for 

30 minutes to depolymerize microtubules, and then shifted to a shaking water bath at 
25℃ to allow microtubule polymerization (17). Finally, cells were rapidly fixed with 
100% methanol, and then shifted to -80℃ for 15 minutes. Before imaging, the fixed 
cells were washed with phosphate buffered saline. 



9 

Supplementary Figures 

Fig. S1. The absence of Klp2 does not alter the number, maximum length, and shrinkage rate of 
microtubule bundles but decreases the growth rate of microtubule bundles (related to Fig. 2). (A) 
Maximum projection images of WT and klp2Δ cells expressing mCherry-Atb2. Scale bar, 10 µm. (B) 
Quantification of microtubule bundle number on the left and the maximum length of microtubule bundles 
on the right. Three or two independent experiments were performed (indicated by repeat), and the number 
of cells or microtubule bundles analyzed is indicated. The p values were calculated by the Wilcoxon-
Mann-Whitney Rank Sum test, and the asterisk marks the p value calculated by Student’s t-test. Bars 
represent the mean. (C) Kymograph graphs of mCherry-Atb2 in WT and klp2Δ cells. Diagrams on the 
right illustrates microtubule dynamics. Scale bar, 10 µm. (D) Quantification of the growth and shrinkage 
rates of microtubule bundles. Two independent experiments were performed (indicated by repeat). The 
number of growth or shrinkage events analyzed is indicated. The p values were calculated by the 
Wilcoxon-Mann-Whitney Rank Sum test, and the asterisk marks the p value calculated by Student’s t-
test. Bars represent the mean. 
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Fig. S2. The absence of Klp2 does not affect microtubule regrowth after the recovery from MBC 
and cold treatments (related to Fig. 4). (A) Time-lapse images of WT and klp2Δ cells expressing 
mCherry-Atb2. To observe microtubule regrowth in the first place, cells were treated with the 
microtubule-depolymerizing drug MBC and were imaged upon MBC washout. Microtubules regrew 
from the nuclear envelope and the cytoplasm (indicated by red arrows) in both WT and klp2Δ cells. Scale 
bar, 10 µm. (B) Percentage of microtubule regrowth from the nuclear envelope and/or the cytoplasm of 
WT and klp2Δ cells in (A). Two independent experiments were performed (indicated by repeat), and the 
number of cells analyzed is indicated. (C) Microtubule regrowth after recovery from cold treatment. WT 
and klp2Δ cells expressing mCherry-Atb2 were incubated on ice for 30 minutes to depolymerize 
microtubules, and were then shifted to 25℃ and fixed by methanol at the indicated times. Maximum 
projection images are shown. Scale bar, 10 µm. (D) Percentage of WT and klp2Δ cells in (C) displaying 
regrowing microtubules after the release from cold treatment. A representative result from two 
independent experiments is shown. (E) Quantification of the number of sites of microtubule regrowth 
after 1-minute release from cold treatment for cells in (C). Two independent experiments were performed 
(indicated by repeat), and the number of cells analyzed is indicated. The p values were calculated by the 
Wilcoxon-Mann-Whitney Rank Sum test, and the bars represent the mean. 
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Fig. S3. Klp2 recruits Rsp1 to the microtubule lattice (related to Fig. 5). (A) Time-lapse images of 
WT cells expressing Rsp1-2mNeonGreen, mCherry-Atb2 and Sid4-mTagBFP. To observe microtubule 
growth in the first place, cells were treated with the microtubule-depolymerizing drug MBC and were 
imaged upon MBC washout. Note that on the growing microtubule carrying a SPB in the WT cell, Rsp1-
2mNeonGreen (orange arrows) emerged upon microtubule growth resumed. The dashed yellow rectangle 
indicates the region used to create the montage images. Linescan intensity profiles of Rsp1-
2mNeonGreen and mCherry-Atb2 along the indicated microtubule at the indicated timepoints are shown 
on the right. Orange arrows indicate non-SPB-localized Rsp1 puncta on microtubule bundles while the 
arrowhead indicates the SPB-localized Rsp1. Scale bars: 10 µm (whole cell image on the left), and 5 µm 
(montage images on the right). (B) Similar data as (A) are shown except that the microtubule analyzed 
does not carry a SPB. (C) Time-lapse images of klp2Δ cells expressing Rsp1-2mNeonGreen, mCherry-
Atb2 and Sid4-mTagBFP after the release from MBC treatment. A static SPB-localized Rsp1 and few 
non-SPB localized Rsp1-2mNeonGreen emerged on the regrowing microtubule in klp2Δ cells. Scale bars: 
10 µm (whole cell image on the left), and 5 µm (the montage images on the right). (D) Quantification of 
percentage of microtubules (in a cell) displaying non-SPB-localized Rsp1-2mNeonGreen, as illustrated 
in the diagrams below. Three independent experiments were performed (indicated by repeat). The 
number of cells analyzed is indicated. The p values were calculated by the Wilcoxon-Mann-Whitney 
Rank Sum test, and the bars represent the mean.  



Fig. S4. The localization dynamics of Mto1 and Rsp1 (related to Fig. 5). (A) Kymograph graphs of 
Mto1-3GFP and mCherry-Atb2 in WT cells. Red arrowheads and arrows indicate SPB-localized and 
mobile Mto1-3GFP, respectively. Dashed yellow lines indicate static Mto1 foci localized near the 
microtubule minus-ends. Scale bar, 5 μm. (B) Kymograph graphs of Rsp1-2mNeonGreen and mCherry-
Atb2 in WT cells. Red arrowhead and arrows indicate SPB-localized and mobile Rsp1-GFP, respectively. 
Some static Rsp1-GFP foci are detectable on the microtubule lattice. Scale bar, 5 μm. (C) Plot of the 
velocity of mobile Rsp1 in (B). Two independent experiments were performed (indicated by repeat). The 
number of Rsp1 foci analyzed is indicated, and the error bars represent S.D. The bars are the mean. 
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Fig. S5. The molecular stoichiometry of Klp2, Rsp1, and Mto1 (related to Fig. 6). (A) Expression of 
Klp2-GFP and Rlc1-GFP in WT cells. Antibodies against GFP and Tubulin were used for the western 
blotting assays. Five sets of samples were analyzed. The intensity ratio of Klp2-GFP over Rlc1-GFP was 
quantified on the right. The concentration of Rlc1 within a cell was determined to be 0.6 µM (30). Based 
on the molecular stoichiometry of Klp2-GFP : Rlc1-GFP (0.337 : 1) determined here, the concentration 
of Klp2-GFP is approximate 0.202 µM within a cell. (B) Expression of Klp2-GFP and Rsp1-GFP in WT 
cells. Antibodies against GFP and Tubulin were used for the western blotting assays. Five sets of samples 
were analyzed. The intensity ratio of Klp2-GFP over Rsp1-GFP was quantified on the right. Based on 
the molecular stoichiometry of Klp2-GFP : Rsp1-GFP (1 : 0.596) determined here, the concentration of 
Rsp1-GFP is approximate 0.121 µM within a cell. (C) Expression of Klp2-GFP and Mto1-GFP in WT 
cells. Antibodies against GFP and Tubulin were used for the western blotting assays. Five sets of samples 
were analyzed. The intensity ratio of Klp2-GFP over Mto1-GFP was quantified on the right. Based on 
the molecular stoichiometry of Klp2-GFP : Mto1-GFP (1 : 0.391) determined here, the concentration of 
Mto1-GFP is approximate 0.079 µM within a cell.   



Fig. S6. Verification of purified proteins by western blotting (related to Fig. 7A). The indicated 
antibodies were used for the western blotting assays. 



Fig. S7. Rsp1 overexpression reduces the colocalization between Mto1 and Alp4 (related to Fig. 8). 
(A) Maximum projection images of the indicated cells expressing Mto1-tdTomato and Alp4-GFP, a
component of γ-TuSC. Top panel, Rsp1-13Myc was expressed from its own promoter; bottom panel,
Rsp1-13Myc was expressed from the strong promoter cam1. Scale bar, 10 μm. (B) Testing the expression
of Alp4-GFP, Mto1-tdTomato, and Rsp1-13Myc in the strains in (A). Antibodies against GFP, tdTomato,
Myc, and Tubulin were used for the western blotting assays. The strains are shown at the bottom.



Supplementary tables 
Table S1. Yeast strains 

Strain Genotype Source 
Figure 1 
CF.3948 Klp2-13myc:NatR pJK148-Pcam1-Rsp1-GFP:leu+ ade6-M210 ura4-

D18 h? 
Lab stock 

CF.10809 Klp2-13myc:NatR pJK148-Pcam1-Rga6-GFP:leu+ ade6-M210 ura4-
D18 h? 

This study 

CF.8920 Klp2-tdTomato:NatR Rsp1-2mNeongreen:HygR BFP-Atb2 ade6-
M210 leu1-32 ura4-D18 h? 

This study 

CF.11487 Klp2-tdTomato:NatR Rsp1-2mNeongreen:HygR mTagBFP-Atb2: 
HygR ade6-M210? leu1-32 ura4-D18 h? 

This study 

Figure 2 
CF.5102 Rsp1-2mNeongreen:HygR mCherry-Atb2:HygR ade6-M210 leu1-32 

ura4-D18 h? 
Lab stock 

CF.5283 klp2Δ:ura+ Rsp1-2mNeongreen:HygR mCherry-Atb2:HygR ade6-
M210 leu1-32 h- 

Lab stock 

CF.16852 Rsp1-2mNeongreen:HygR mCherry-Atb2:HygR Sid4-
mTagBFP:KanR ade6-M210 leu1-32 ura4-D18 h? 

This study 

CF.16853 klp2Δ:ura+ Rsp1-2mNeongreen:HygR mCherry-Atb2:HygR Sid4-
mTagBFP:KanR ade6-M210 leu1-32 h- 

This study 

Figure 3 
CF.2394 Klp2-GFP:ura+ mCherry-Atb2:HygR ade6-M210? leu1-32 h+ Lab stock 
CF.3607 rsp1Δ:KanR Klp2-GFP:ura+ mCherry-Atb2:HygR ade6-M210? 

leu1-32 h- 
Lab stock 

Figure 4 
CF.2462 Ase1-GFP:KanR mCherry-Atb2:HygR ade6-M210? leu1-32 ura4-

D18 h+ 
Lab stock 

CF.2431 klp2Δ:ura+ Ase1-GFP:KanR mCherry-Atb2:HygR ade6-M210? 
leu1-32 h+ 

Lab stock 

Figure 5 
CF.4250 Mto1-3XGFP:KanR mCherry-Atb2:HygR ade6-M210? leu1-32 ura4-

D18 h- 
Lab stock 

CF.4419 klp2Δ:ura+ Mto1-3XGFP:KanR mCherry-Atb2:HygR ade6-M210? 
leu1-32 h- 

Lab stock 

CF.5105 Rsp1-2mNeongreen:HygR Mto1-tdTomato:NatR ade6-M210 leu1-32 
ura4-D18 h+ 

Lab stock 

CF.8279 klp2Δ:ura+ Rsp1-2mNeongreen:HygR Mto1-tdTomato:NatR ade6-
M210? leu1-32 h? 

This study 



Figure 6 
CF.16850 Rsp1-2mNeongreen:HygR Mto1-tdTomato:NatR mTagBFP-Atb2: 

HygR ade6-M210 leu1-32 ura4-D18 h? 
This study 

CF.16851 Rsp1-2mNeongreen:HygR Mto1-tdTomato:NatR Klp2-mTagBFP: 
KanR ade6-M210 leu1-32 ura4-D18 h+ 

This study 

CF.13340 pJK148-Pnmt1-Rsp1-mCherry StrepII:leu+ ade6-M210 ura4-D18 h- This study 

Figure 7 
CF.12981 pJK210-Pnmt1-Mto1-ymScarlet StrepII:ura+ pJK148-Pnmt1-Mto2-

13myc:leu+ ade6-M210 h? 
This study 

CF.13338 pJK148-Pnmt1-Mto1-mCherry StrepII:leu+ pJK210-Pnmt1-Mto2-
13myc:ura+ ade6-M210 h+ 

This study 

CF.12986 pJK148-Pnmt1-Rsp1-eGFP StrepII:leu+ pJK210-Pnmt1-Ssa1-
HA:ura+ ade6-M210 h? 

This study 

Figure 8 
CF.12981 pJK210-Pnmt1-Mto1-ymScarlet StrepII:ura+ pJK148-Pnmt1-Mto2-

13myc:leu+ ade6-M210 h? 
This study 

CF.12986 pJK148-Pnmt1-Rsp1-eGFP StrepII:leu+ pJK210-Pnmt1-Ssa1-
HA:ura+ ade6-M210 h? 

This study 

Figure S1 
CF.5433 mCherry-Atb2:HygR ade6-M210? leu1-32 ura4-D18 h- Lab stock 
CF.7921 klp2Δ:ura+ mCherry-Atb2:HygR ade6-M210? leu1-32 h- Lab stock 

Figure S2 
CF.5433 mCherry-Atb2:HygR ade6-M210? leu1-32 ura4-D18 h- Lab stock 
CF.7921 klp2Δ:ura+ mCherry-Atb2:HygR ade6-M210? leu1-32 h- Lab stock 

Figure S3 
CF.16852 Rsp1-2mNeongreen:HygR mCherry-Atb2:HygR Sid4-

mTagBFP:KanR ade6-M210 leu1-32 ura4-D18 h? 
This study 

CF.16853 klp2Δ:ura+ Rsp1-2mNeongreen:HygR mCherry-Atb2:HygR Sid4-
mTagBFP:KanR ade6-M210 leu1-32 h? 

This study 

Figure S4 
CF.4250 Mto1-3XGFP:KanR mCherry-Atb2:HygR ade6-M210? leu1-32 ura4-

D18 h- 
Lab stock 

CF.16852 Rsp1-2mNeongreen:HygR mCherry-Atb2:HygR Sid4-
mTagBFP:KanR ade6-M210 leu1-32 ura4-D18 h? 

This study 

Figure S5 
PT.2007 Rlc1-GFP:ura+ ade6-M210 leu1-32 h+ Tran Lab 
CF.328 Klp2-GFP:ura+ ade6-M210 leu1-32 h+ Lab stock 



PT.293 Rsp1-GFP:KanR ade6-M210 leu1-32 ura4-D18 h- Tran Lab 
PT.395 Mto1-GFP:KanR ade6-M210 leu1-32 ura4-D18 h+ Tran Lab 
CF.16862 Klp2-GFP:ura+ Rlc1-GFP:ura+ ade6-M210 leu1-32 h? This study 
CF.16858 Klp2-GFP:ura+ Rsp1-GFP:KanR ade6-M210 leu1-32 h? This study 
CF.17054 Mto1-GFP:KanR Klp2-GFP:ura+ ade6-M210 leu1-32 h? This study 

Figure S6 
CF.12981 pJK210-Pnmt1-Mto1-ymScarlet StrepII:ura+ pJK148-Pnmt1-Mto2-

13myc:leu+ ade6-M210 h? 
This study 

CF.13338 pJK148-Pnmt1-Mto1-mCherry StrepII:leu+ pJK210-Pnmt1-Mto2-
13myc:ura+ ade6-M210 h+ 

This study 

CF.12986 pJK148-Pnmt1-Rsp1-eGFP StrepII:leu+ pJK210-Pnmt1-Ssa1-HA:ura+ 
ade6-M210 h? 

This study 

Figure S7 
CF.17036 Alp4-GFP:KanR Mto1-tdTomato:NatR Rsp1-13myc:NatR ade6-

M210 leu1-32 ura4-D18 h? 
This study 

CF.16864 Alp4-GFP:KanR Mto1-tdTomato:NatR pJK148-Pcam1-Rsp1-
13myc:leu+ ade6-M210 ura4-D18 h- 

This study 

Table S2. Plasmids 
Plasmid Genotype Source 
Figure 1 
pCF.2235 pGEX-4T2-rsp1 Lab stock 
pPT.111 pGEX-4T2 Tran Lab 
pTP.001 pET28a-GFP-klp2 Lab stock 
pCF.2176 pJK148-Pcam1-rsp1-GFP Lab stock 
pCF.3123 pJK148-Pcam1-rga6-GFP Lab stock 

Figure 6 
pCF.4933 pTT5-StrepII-eGFP-klp2 This study 
pCF.4611 pJK148-Pnmt1-rsp1-mCherry-StrepII This study 

Figure 7 
pCF.4570 pJK210-Pnmt1-mto1 (NruI site mutated)-ymScarlet StrepII This study 
pCF.4368 pJK148-Pnmt1-mto2-13myc This study 
pCF.4602 pJK148-Pnmt1-mto1 (NruI site mutated)-mCherry StrepII This study 
pCF.4365 pJK210-Pnmt1-mto2 (StuI site mutated)-13myc This study 
pCF.4231 pJK148-Pnmt1-rsp1-eGFP StrepII This study 
pCF.4565 pJK210-Pnmt1-ssa1-HA This study 
pCF.4879 pTT5-MS2 coat protein-eGFP StrepII This study 
pCF.4880 pTT5-MS2 coat protein-mCherry StrepII This study 
pCF.4541 pFastbac Dual-Ph-BamHI-alp6 (codon optimized)-NotI Sangon biotech 

(This study) 



pCF.4542 pFastbac Dual-Ph-BamHI-alp4 (codon optimized)-NotI Sangon biotech 
(This study) 

pCF.4543 pFastbac Dual-Ph-BamHI-mzt1 (codon optimized)-NotI Sangon biotech 
(This study) 

pCF.4544 pFastbac Dual-P10-XhoI-gtb1 (codon optimized)-KpnI Sangon biotech 
(This study) 

pCF.4545 pFastbac Dual-Ph-NotI-TEV site-MBP (codon optimized)-His-
PstI 

Sangon biotech 
(This study) 

pCF.4546 pFastbac1-mzt1 (codon optimized)-His This study 
pCF.4547 pFastbac Dual-Ph-alp6 (codon optimized)-TEV site-MBP (codon 

optimized)-His 
This study 

pCF.4550 pFastbac Dual-P10-gtb1 (codon optimized)-Ph-alp4 (codon 
optimized) 

This study 

pCF.4551 pFastbac Dual-P10-gtb1 (codon optimized)-Ph-alp6 (codon 
optimized)-TEV site-MBP (codon optimized)-His 

This study 

pCF.2508 pET28a-His-MBP-3C Zang Lab 

Figure 8 
pCF.4570 pJK210-Pnmt1-mto1 (NruI site mutated)-ymScarlet StrepII This study 
pCF.4368 pJK148-Pnmt1-mto2-13myc This study 
pCF.4231 pJK148-Pnmt1-rsp1-eGFP StrepII This study 
pCF.4565 pJK210-Pnmt1-ssa1-HA This study 
pCF.4879 pTT5-MS2 coat protein-eGFP StrepII This study 
pCF.4546 pFastbac1-mzt1 (codon optimized)-His This study 
pCF.4550 pFastbac Dual-P10-gtb1 (codon optimized)-Ph-alp4 (codon 

optimized) 
This study 

pCF.4551 pFastbac Dual-P10-gtb1 (codon optimized)-Ph-alp6 (codon 
optimized)-TEV site-MBP (codon optimized)-His 

This study 

pCF.4910 pGEX-6P-1-rsp1 This study 
pCF.665 pET28a-his-eGFP-mal3 Lab stock 
pCF.4917 pET28a-his-eGFP-klp2 This study 

Figure S6 
Same as Figure 7 

Figure S7 
pCF.4233 pJK148-Pcam1-rsp1-13myc This study 
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