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Directed cell migration is a property central to multiple

basic biological processes. Here, we show that directed

cell migration is associated with global changes in the

chromatin fiber. Polarized posttranslational changes in

histone H1 along with a transient decrease in H1 mobility

were detected in cells facing the scratch in a wound

healing assay. In parallel to the changes in H1, the levels

of the heterochromatin marker histone H3 lysine 9 tri-

methylationwere elevated. Interestingly, reduction of the

chromatin-binding affinity of H1 altered the cell migration

rates. Moreover, migration-associated changes in histone

H1 were observed during nuclear motility in the simple

multicellular organismNeurospora crassa. Our studies sug-

gest that dynamic reorganization of the chromatin fiber is

an early event in the cellular response to migration cues.
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Directed cell migration is a fundamental property of both

simple and complex organisms, which is necessary for the

proper execution of various biological processes including

foraging, embryonic development, immunity, tissue repair

and homeostasis. Improper cell migration is an underlying

cause of numerous pathological conditions such as vas-

cular diseases, chronic inflammatory diseases, cancer and

cognitive disorders. Induction of directed cell migration

results in cellular polarization, a process that involves

dynamic changes in the actin cytoskeleton and in the

adhesion molecules. In parallel, the microtubule-organizing

center and the Golgi apparatus are reoriented (1,2) through

nuclear movement (3). The nuclei of migrating cells display

a wide range of structural changes. Developmentally

related nuclear polarization has been noted in the single

cell algae Chlamydomonas, where nuclear pore complexes

localize to the posterior side of the nucleus and hetero-

chromatin to the anterior side of the nucleus (4). Cancer

cells change their nuclear shape and assume an elongated

structure in capillaries (5). Migrating neurons change the

structure of the nucleus during migration in a prototypic

fashion (6,7). These types of morphological changes of the

cell nucleus raise the possibility that cell migration is

associated with the reorganization of the chromatin fiber.

This possibility, which has obvious functional consequen-

ces, has not been investigated in detail yet.

To monitor possible chromatin structural changes, we

focused on histone H1, one of the most abundant and

ubiquitous families of chromatin-binding proteins. H1 mol-

ecules are involved in diverse nuclear processes, and their

intranuclear organization is affected by various cellular

conditions and stimuli (8,9). We now show that following

migration cues, the mobility of histone H1 is decreased

in correlation with increased level of the heterochromatin

marker histone H3 lysine 9 tri-methylation (H3K9me3).

Altered properties of linker histone in migrating nuclei are

evolutionary conserved and were also found in the fungus

Neurospora crassa. Furthermore, alterations in the inter-

action of H1 with chromatin altered the rate of cell

migration. Our data suggest that cellular migration requires

global changes in histones H1 and H3, which are associ-

ated with increased chromatin compaction.

Results and Discussion

Migration induction affects histone H1 organization

Histone H1 was chosen as a model chromatin component

to examine whether early stages of cell migration involve

global changes in the chromatin fibers. Migration was

studied in the mouse melanoma cell line B16-F1 using

the well-established wound healing assay (10). The cells

were grown to confluence and scraped. As a result, the

cells facing the wound sensed the lack of contact inhibition

and migrated into the empty space. At fixed time-points

after scraping, the cells were fixed and immunostained for

histone H1 using either polyclonal antibodies (11) (Figure 1

A,D,G,J,M) or a monoclonal antibody AE4 (Figure 1

B,E,H,K,N), both were shown to be specific for H1. The

immunostaining pattern using the H1 polyclonal antibodies

did not vary amongst the studied time-points, suggesting

that induction of migration does not alter the total amount

or the intranuclear localization of H1. However, the immuno-

staining observed with the AE4 antibody suggested that

external migration cues induce a dynamic response in the

nuclear organization of H1. Within 30 min of migration
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induction, the intensity of the AE4-specific immunostain-

ing signal significantly increased in the cells positioned in

close vicinity to the wound. The staining was further

increased at the 90 min and 135 min time-points but

decreased at the 180 min time-point, suggesting that the

H1 changes are temporary and reversible. Interestingly,

the nuclei were stained in a polarized manner; the cells

closest to the wound stained most intensely. As the

immunostaining of the total amount of H1 by the polyclonal

antibodies was not altered, we concluded that most likely

during the early stages of cell migration, a fraction of H1 is

modified. One of the most common alterations in histone

H1 is a reversible and transient phosphorylation, which can

be inhibited by staurosporine and olomoucine (12,13).

Interestingly, the presence of either of these two sub-

stances during the wound healing assay did not inhibit the

transient increase in H1 immunostaining with the AE4

antibody (Figure 2). On the contrary, olomoucine treatment

even further elevated the intensity of the migration-induced

H1 immunostaining. As olomoucine is a cyclin dependent

Figure 1: Altered H1 organization

induced by directed cell migration.

Shown are B16-F1 cells immunostained

following a wound healing assay. A, D, G,

J and M) Immunostaining with anti H1

polyclonal antibodies (H1–PC). B, E, H, K

and N) Immunostaining with anti H1

monoclonal antibody AE4 (H1–AE4). C, F,

I, L and O) DAPI staining. The time-points

are shown on the left side of each row:

A–C, control staining (prior to wound in-

duction); D–F, 30 min; G–I, 90 min; J–L,

135 min; and M–O, 180 min. The wound

edge is at the top of the pictures. The

scale bar is 30 mm.
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kinase (CDK) inhibitor, the results suggest that the altered

immunostaining is because of H1 dephosphorylation. Pre-

viously, it was shown that the prevention of H1 phosphor-

ylation on its CDK consensus phosphorylation sites

decreases its mobility rate (14). Therefore, we hypothe-

sized that themigration induction changes in immunostain-

ingmay be associated with reducedmobility of histone H1.

Migration induction leads to decreased mobility of

histone H1

In order to evaluate the mobility properties of histone H1 in

living cells, the H1E variant was cloned upstream to the

green fluorescent protein (GFP). Evaluation of the fused

protein reveled colocalization with Hoechst staining in live

cells (Figure 3A–C), indicating typical H1 nuclear distribu-

tion (15,16). In addition, the GFP-fused protein was

released from the nuclei by stepwise salt extraction similar

to endogenous H1 (Figure 3D), indicating compatible chro-

matin-binding properties. Next, the dynamics of migration-

induced changes in the binding of H1 to chromatin was

determined by fluorescence recovery after photobleaching

(FRAP) analysis, a technique suitable for determining the

relative exchange rate of H1 molecules on chromatin in

living cells in real time (15,16). Transfected H1E–GFP was

photobleached within defined nuclear areas, and the

recovery of the fluorescence within the photobleached

areas was monitored. The rate of recovery is inversely

proportional to the time that H1 histones reside on the

chromatin (9), and therefore, increased H1 chromatin

binding would lead to reduced movement of the protein

and longer florescence recovery times. The H1E–GFP

FRAP was monitored in confluent B16-F1 cells before

and at fixed time-points after scratching. Measurements

were taken in cells facing the scratch, and the time needed

for 50% recovery (T50) of the H1E–GFP pre-bleach fluor-

escence intensity was calculated and used for com-

parison between the different time-points (Figure 4).

Interestingly, the H1E–GFP T50 increased 30 min and

90 min after migration induction by 50% and 70%, respect-

ively, and returned to pre-scratch levels within 135 min

(Figure 4B). The FRAP results indicate that in response to

migration cues, histone H1 undergoes a temporary

decrease in intranuclear mobility in a time frame which is

similar to the changes observed by immunofluorescence

(Figure 1). Collectively, the findings suggest that in migrat-

ing cells, H1 is temporarily dephosphorylated and there-

fore binds more tightly to the chromatin fiber.

Migration induction leads to increase in H3K9me3

Increased chromatin residence time of histone H1 is cor-

related with increased H3K9me3, a modification that is

highly enriched in heterochromatin (17). This correlationwas

observed during early stages of embryogenesis (18) and

during promoter closure (19). Moreover, heterochromatin-

associated H1 has a lower mobility rate than euchromatin-

associated H1 (16,20). Therefore, the reduced H1 mobility

following migration induction led us to examine the

dynamics of the heterochromatin marker, H3K9me3.

Time-specific increase in immunostaining of H3K9me3 in

the cells facing the wound was observed (Figure 5A,E,I,

M,Q). Interestingly, immunostaining of histone H3 lysine 9

mono-methylation, a modification that is mostly excluded

from mammalian heterochromatin (21,22) did not change

in response to themigration cues (Figure 5C,G,K,O,S). The

increase in levels of H3K9me3 was observed already

Figure 2: Protein kinase inhibitors increase the altered H1

organization induced by directed cell migration. A, C, E and G)

Immunostaining with the mouse anti H1monoclonal antibody AE4

(H1–AE4). B, D, F and H) DAPI staining. All points were immuno-

stained 90 min following wound healing induction. Protein kinases

inhibitors: C and D) 200 nM staurosporine. G and H) 300 mM

olomoucine. The inhibitors were added 90 min before the intro-

duction of the scratch. The wound edge is at the top of the

pictures. The scale bar is 30 mm. Staur, staurosporine; Olom,

olomoucine.
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30 min after migration induction and continued throughout

the time examined. Interestingly, the main increase in

H3K9me3 was in the nuclear periphery, suggesting that

the induction of directed cell migration leads to increased

compaction of the chromatin next to the nuclear envelope.

Modulation of H1 chromatin-binding properties alters

the rate of cell migration

These results suggested that alteration in H1–chromatin

interaction is part of themechanism that regulates directed

cell migration. This possibility was examined using a new

approach to lower the H1 chromatin-binding affinity. Pre-

vious studies demonstrated that the C-terminal domain of

H1 binds weakly and non-specifically the linker DNA (23).

Therefore, we reasoned that overexpression of the

C-terminal domain of H1 will reduce the chromatin-binding

affinity of the full-length endogenous H1. Cells were

transfected with plasmids expressing either full-length

H1E histone or an H1 deletion mutant containing only the

106 long lysine rich C-terminal half of the molecule, both

fused to GFP. The chromatin-binding affinity of the endo-

genous H1 in the transfected cells was monitored by

stepwise salt extraction. As shown in Figure 6A, small

amounts (�5%) of endogenous H1 were released from

nuclei overexpressing the H1 C-terminal domain at NaCl

concentrations of 0–150 mM, whereas no endogenous H1

was released from nuclei overexpressing full-length H1.

Interestingly, at 250 mM NaCl, still no endogenous H1 was

released from full-length H1 overexpressing nuclei, while

one third of the endogenous H1 was released from nuclei

overexpressing the H1 C-terminal domain. Thus, the

C-terminal domain of histone H1 can be used as a tool to

reduce H1 chromatin-binding affinity. To test our hypoth-

esis that the binding of H1 to chromatin plays a role in cell

migration, two assays were used; the Transwell and the

wound healing assays. The migration rates of cells over-

expressing H1E C-terminal domain were compared with

that of the control cells. In the Transwell assay, transfected

cells were plated on top of filters, and their migration rate

through fibronectin-coated pores toward the lower part of

the filter was measured. Overexpression of the C-terminal

domain of H1E inhibited cell migration by 34% in compari-

son to overexpression of the GFP (Figure 6B). In the

wound healing assay, the same fields of confluent trans-

fected cells were pictured right after the scratch (time 0) as

well as 11 h of incubation following the scratch time. The

area covered by the migrated cells was measured, and

their relative migration rate was calculated (Figure 6C,D).

Interestingly, overexpression of the C-terminal domain of

H1E accelerated the rate of cell migration by 2.5-fold in

comparison to overexpression of the GFP protein. The

reverse effects of H1E C-terminal domain overexpression

on cell migration rate as measured by the Transwell assay

and the wound healing assay may be because of the

different migration mechanism used in these two assays.

In the Transwell assay, the cells use more amoeboid-like

movements (24,25) and are probably required for signifi-

cant morphological changes in the nuclear shape in order

to pass through pores that are smaller than their normal

cell width. In the wound healing assay, the cells use

mesenchymal-like-polarized motility (24,25), which probably

Figure 3: H1E–GFP properties are

compatible with the properties of

the endogenous histone H1. A, B

and C) Localization of H1E–GFP in B16-

F1 cells. Live B16-F1 cells overexpress-

ing H1E–GFP were stained for DNA by

Hoechst 33342. A, H1E–GFP; B,

Hoechst; and C, merged panels A and

B. The scale bar is 10 mm. D) Salt

extraction properties of H1E–GFP and

endogenous H1. H1 was extracted from

B16-F1 cells overexpressing H1E–GFP

using the indicated NaCl concentrations.

Endogenous H1 and GFP-fusion pro-

teins that were released into the super-

natant or retained in the chromatin pellet

were detected byWestern blot analysis.

The imageswere scanned, and the band

intensities were quantified. The relative-

retained fractions of endogenous (gray

line) and exogenous H1 (black line) were

calculated.
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requires less changes in the nuclear shape. Such opposite

effects of overexpressed protein on cell migration have

been also found in studies on the migration regulatory

effects of the p27kip1 protein. Overexpression of p27kip1

inhibited cell migration in Transwell assays (26–28), while

accelerated migration in wound healing assays (29,30).

Nonetheless, these significant effects of the C-terminal

domain of H1E on the rate of cell migration suggest that

changes in the binding properties of H1 to chromatin are

involved in regulation of cell migration.

H1 reorganization is not confined to mammalian cells

As nuclear migration is a fundamental event in all eukary-

otes (31), we searched for another example in which

reorganization of chromatin occurs in response to migra-

tion cues, and nuclear motility is easily observable. In

a study in N. crassa where histone H1 was tagged with

GFP, dynamic nuclear speckles were noted (32). We re-

examined this strain at several time-points following spore

germination (1, 2, 5 and 6.5 h). The analysis indicated that

following spore germination, within the newly formed

short hyphae (200–1000 mm), nuclei are highly motile.

We examined the nuclear organization of H1 in the motile

nuclei by taking a movie of the living cells 6.5 h after spore

germination (representative pictures are shown in Figure 7

and Movie S1). Interestingly, a bright signal of accumu-

lated H1–GFP always appeared in the leading edge of the

motile nuclei. These results suggest that histone H1

reorganization in response to migration cues is an evolu-

tionary conserved trait.

In conclusion, our results indicate that induction of directed

cell migration leads to global changes in chromatin organi-

zation. In mouse B16-F1 cells, these changes involve

Figure 4: Induction of cell migration

alters the mobility of H1. Shown are

FRAP analyses of H1E–GFP overex-

pressed in B16-F1 cells during a wound

healing assay. A) Representative images

of cells facing the wound edge before

and after photobleaching of the marked

area (red rectangular) at the indicated

time-points. The scale bar is 5 mm.

B) Quantitative FRAP analysis of the

results. The average time required for

50% recovery of the fluorescence of the

bleached area�standard error (SE) from

8 to 10 cells in each time-point is pre-

sented. The statistical significance rela-

tive to the control was determined by

the Student’s t-test.
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a transient increase in the chromatin binding of histone H1

along with an elevation in the heterochromatin marker

H3K9me3. In migrating nuclei of fungi, relocalization of

H1 was observed. H1 is the most abundant structural

nucleosome-binding protein, thus chosen as the focus

of our studies. In the living nucleus, H1 functions

within a dynamic network of chromatin-binding proteins

that continuously compete for chromatin-binding sites (9).

This network includes members of the high-mobility group

protein superfamily (33) and perhaps, other proteins

such as the HP1, Polycomb group and methyl-cytosine–

phosphate–guanosine-binding domain proteins. Histone H1

and some other members of this protein network

preferentially bind to heterochromatin, and their binding

apparently increases following induction of directed cell

migration. Thus, the possible reorganization of other chro-

matin-binding proteins during cellular migration is likely.

Furthermore, increased heterochromatin formation is often

associated with transcriptional repression (17,34), which

can occur in response tomigration cues. Themajor increase

in peripheral heterochromatin level and H1 chromatin bind-

ing in response to migration cues along with previous

results showing direct interaction between heterochroma-

tin, histone H1 and nuclear envelope proteins (35–37) may

indicate increased anchoring of the chromatin fiber to the

nuclear envelope upon migration induction. Our study indi-

cates that cellular migration induces and is contingent on

global changes in chromatin organization. So far, very little is

known about the role of chromatin in cell migration; obvi-

ously, this complex process requires further investigation.

Materials and Methods

Plasmids
The human H1E originated from the IMAGE clone 6498952 (Invitrogen Life

Technologies). The ORF was released using EcoRI and EcoRV restriction

enzymes and inserted into pBluescript II KSþ (Stratagene) to generate

Figure 5: Induction of cell mig-

ration elevates the levels of

H3K9me3. Shown are B16-F1 cells

immunostained following a wound

healing assay. A, E, I, M and Q)

Immunostaining with antibodies

against H3K9me3. C, G, K, O and S)

Immunostaining with antibodies

against histone H3 lysine 9 mono-

methylation (H3K9me1). B, D, F, H,

J, L, N, P, R and T) Hoechst stain-

ing. The time-points are shown on

the left side of each row: A–D,

control staining (prior to wound

induction); E–H, 30 min; I–L,

90 min; M–P, 135 min; and Q–T,

180 min. The wound edge is at

the top of the pictures. The scale

bar is 50 mm.
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pBS–H1E. Following sequencing, an insertion mutation at position 575 of

the IMAGE clone was corrected by polymerase chain reaction (PCR) using

oligonucleotides hH1E3 (50-cagaattcaacatgtccgagactgcg-30) and hH1E6

(50-cttttcgcttttttggctccagcagctgc-30) to amplify nucleotides 1–525 of H1E

ORF and hH1E4 (50-ctctcgagctttttcttggctgccgcct-30) and hH1E5 (50-ggagc-

caaaaaagcgaaaagcccgaaaaag-30) and to amplify nucleotides 496–717 of

H1E ORF. The two generated fragments were mixed and amplified by

oligonucleotides hH1E3 and hH1E6 to generate the correct H1E ORF,

which was inserted into EcoRI–XhoI sites of pcDNA3 (Invitrogen) to

generate pcH1E. The H1E ORF as an EcoRI-filled-XhoI fragment from

pcH1E was placed upstream to GFP using the Eco47III–XhoI sites in

pEGFP–N1 (Clontech) to generate pH1E–GFP. The C-terminal part of

H1E (aa 113–218) was amplified by PCR using oligonucleotides hH1E9

(50-cgctagccatgtctggggaagccaagcctaa-30) and hH1E4 and inserted upstream

to GFP using NheI–XhoI sites in pEGFP–N1 to generate pCter-H1E–GFP.

Cell culture and immunostaining
Mouse melanoma B16-F1 and human HEK293 cell lines were grown as

described (38,39). B16-F1 cells plated on fibronectin-coated cover slides

(F4759; Sigma) and grown to confluence were scratched for wound healing

assay. Where indicated 300 mM olomoucine (#495620; Calbiochem) or

200 nM staurosporine (#569397; Calbiochem) were added 90 min prior to

the wound healing assay. Following further incubation at growth conditions,

Figure 6: The C-terminal domain of histone H1 decreases the chromatin binding of endogenous H1 and alters the rate of cell

migration. A) H1 was extracted from 293 cells overexpressing full-length H1E fused to GFP (F) or C-terminal domain of H1E fused to GFP

(C) using the NaCl concentrations shown on top of the columns (values represent concentrations in mM). The endogenous H1 and the GFP-

fusion proteins that were released into the supernatant or retained in the chromatin pellet were detected by Western blot analysis. B)

Overexpression of H1E C-terminal domain inhibits cell migration in Transwell assay. Migration rates of B16-F1 overexpressing either GFP

or histone H1E fused to GFP or C-terminal part of H1E fused to GFP were measured by the Transwell assay. Three hours following plating

the cells on top of fibronectin precoated membranes, the cells were fixed in paraformaldehyde and counted on both sides of the

membranes. In each experiment, the average number of migrated cells was divided by the average total number of cells, and the ratio in

the GFP-transfected cells was set as one. The represented results are an average of four repetitions �standard error. The statistical

significance relative to the control was determined by the Student’s t-test. C) Overexpression of H1E C-terminal domain accelerates cell

migration in a wound healing assay. Themigration rate of B16-F1 overexpressing either GFP or histone H1E fused to GFP or C-terminal part

of H1E fused to GFP was measured by the wound healing assay. Shown are representative pictures of GFP, phase contrast and merged

pictures of the same fields right after the scratch, time 0 and 11 h later. The scale bar is 200 mm. D) The area covered by the cells after 11 h

of incubation was measured and was set as one in the GFP-transfected cells. The represented results are an average of three repetitions

�standard error. The statistical significance relative to the control was determined by the Student’s t-test.
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immunostaining was carried out as described (39). Antibodies included

histone H1 antibodies: rabbit polyclonal (11) and AE4monoclonal which was

raised against nuclei from humanmyeloid leukemia cells (#8030; Santa-Cruz

Biotechnology, Inc.), anti-tri-methyl histone H3 (Lys 9) rabbit polyclonal (#07-

442; Upstate) and anti-mono-methyl histone H3 (Lys 9) rabbit polyclonal

(#07-450; Upstate). Pictures of H1 were collected using a Bio-Rad Radiance

2100 confocal system mounted on a Nikon TE300 microscope. Pictures of

H3 were collected using a Zeiss LSM 510 confocal microscope.

Fluorescence recovery after photobleaching
B16-F1 cells were transfected with pH1E–GFP using Lipofectamine� 2000

(Invitrogen Life Technologies) 16 h prior to FRAP analysis with a Zeiss LSM

510 confocal microscope. Two pre-bleach images were collected, and

a rectangular (11 � 2 mm) image was bleached by five pulses during

0.063 seconds. Single images were collected in 0.149-second intervals.

The imaging laser, 488 nm laser, was set on 2% power, while the bleaching

lasers, 458, 488, 514, 543 and 683 nm lasers, were set on 100% power.

The fluorescence intensity in the bleached area was normalized to the initial

fluorescence and to the total fluorescence reduction in the unbleached

areas. Eight to eleven cells were analyzed in each time-point during 20 min.

The experiment was repeated three times, and statistical analysis was

determined using the Student’s t-test.

Migration rate assays
For Transwell assay, B16-F1 cells were transfected with pGFP or pH1E–

GFP or pCter-H1E–GFP using JetPEI� (PolyPlus; Illkirch Cedex). Forty-eight

hours later, the lower sides of Transwell� plate (#3422; Costar) filters were

precoated with 0.01 mg/mL of fibronectin. The filters were placed in the

lower chambers containing 600 mL DMEM and 1.5 � 105 cells in 100 mL

of DMEM were added to the upper chambers, followed with 3-h incuba-

tion at growth conditions. Membranes were fixed for 20 min in 3%

paraformaldehyde–PBS, washed three times in PBS and cut off their

holders. Transfected cells on each membrane side were counted under

a �20 objective. Six membranes were used for each point, of which three

were used for counting the non-migrated cells in the upper side (three

different fields in each membrane) and three for counting the migrated cells

in the lower side (six different fields in each membrane because of the

lower number of cells). In each experiment, the average number of

migrated cells was divided by the average total number of cells, and the

ratio in the GFP-transfected cells was set as one. The represented results

are an average of four repetitions, and statistical significance was deter-

mined using the Student’s t-test.

For wound healing assay, B16-F1 cells plated on fibronectin-coated plates

were grown to confluence and were transfected with GFP or pH1E–GFP or

pCter-H1E–GFP using Lipofectamine� 2000 (Invitrogen Life Technologies).

Twenty-four hours later, the cells were washed three times with PBS,

scratched with white tip and kept in medium containing 0.1% fetal calf

serum for 11 h. Pictures were collected using a Zeiss LSM 510 confocal

microscope right after the scratch and at the end of the incubation time. The

covered area by the migrating cells was measured by the IMAGEJ 1.37V

program. The covered area in the GFP-transfected cells was set as one. The

represented results are an average of three repetitions, and statistical

significance was determined using the Student’s t-test.

Stepwise salt extraction
HEK293 or B16-F1 cells were transfected with pH1E–GFP or pCter-

H1E–GFP. Following 48 h, the cells were collected and washed twice with

PBS and three times with buffer I [20 mM K-HEPES, pH 7.6; 10 mM KCl;

10 mM MgCl2; 20% glycerol; 0.1% Triton-X-100; 25 mM NaF; 10 mM

b-glycerolphosphate; 1 mM Na-Vandate; and 0.5 mM DTT supplemented

with protease inhibitors (P8340; Sigma)]. Resuspension of the cells in buffer

I supplemented with various NaCl concentrations was followed by 15-min

incubation on ice and 5 min centrifugation at 7800� g. The supernatants

were separated from the nuclei pellets, which were lysed by sonication in

SDS sample buffer. Equal cell amounts were analyzed by Western blot

analysis using rabbit polyclonal antibodies against histone H1 and mouse

monoclonal antibodies against GFP (#1814460; Roche).

Neurospora crassa assays
Neurospora crassa strain N2282A (his-3þ::Pccg-1-hH1þ-sgfpþ) kindly pro-

vided byM. Freitag (32) was used. Procedures used were as described (40).

For germination experiments, 2 � 105 spores/mL were inoculated and

grown for 2–6.5 h at 348C, 150 rpm. Germinating spores were taken for

time-lapse microscopy using the Applied-imaging system. One milliliter of

the suspension was placed on a glass-bottom tissue culture plate (#P35GC-

1.5-14-C; MatTek Corporation).
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Supplementary Material

Movie S1: Neurospora crassa time-lapse microscopy. Following germina-

tion, GFP H1 histone nuclei were followed using time-lapse microscopy

as described in the Materials and Methods.

Figure 7: Histone H1 is preferentially concentrated in the

leading edge of motileN. crassa nuclei. Pictures of germinating

spores were taken every 2 seconds for 3 min. Representative

pictures of 12, 62, 98 and 158 seconds time-points are shown

in A–D, respectively. Scale bar size is 5 mm. The leading edges of

the motile nuclei were identified in Movie S1, and arrows were

drawn to mark accumulation of H1–GFP in the leading edge of the

motile nuclei.
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