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Abstract

N-alpha-acetyltransferase 80 (NAAB8O) was recently demonstrated to acetylate the N-terminus of
actin, with NAAB8O knockout cells showing actin cytoskeleton-related phenotypes, such as
increased formation of membrane protrusions and accelerated migration. Here we report that
NAAS8O knockout cells additionally display fragmentation of the Golgi apparatus. We further
employed rescue assays to demonstrate that this phenotype is connected to the ability of NAAS8O to
modify actin. Thus, re-expression of NAAB80, which leads to re-establishment of actin’s N-
terminal acetyl group, rescued the Golgi fragmentation, whereas a catalytic dead NAA8O mutant
could neither restore actin Nt-acetylation nor Golgi structure. The Golgi phenotype of NAA8O KO
cells was shared by both migrating and non-migrating cells and live-cell imaging indicated
increased Golgi dynamics in migrating NAA8O KO cells. Finally, we detected a drastic increase in
the amount of F-actin in cells lacking NAAB8O, suggesting a causal relationship between this effect
and the observed re-organization of Golgi structure. The findings further underscore the
importance of actin Nt-acetylation and provide novel insight into its cellular roles, suggesting a
mechanistic link between actin modification state and Golgi organization.
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Introduction

Recently, an actin modifier, the N-alpha-acetyltransferase 80 (NAA80/NatH), was identified
and shown to perform the final step in actin’s unique N-terminal maturation process [1-3].
NAASO is a member of the N-terminal acetyltransferase (NAT) family of enzymes, which
are characterized by their ability to catalyse the transfer of an acetyl group from Acetyl-CoA
to the N-terminal alpha-amino group of a protein [4]. N-terminal (Nt)-acetylation is
probably the most abundant modification of human proteins, typically occurring co-
translationally [5, 6]. Importantly, various links between this modification and essential
biological processes were unravelled [reviewed in 4, 7], extending from folding,
degradation, and molecular interactions at the protein level [8-11], to severe malfunctions
like cancer [12] and inheritable developmental syndromes [13-16]. When it comes to actin
Nt-acetylation, knockout of NAAB8O in human cells leads to an increased ratio of filamentous
to globular actin and a higher number of filopodia and lamellipodia, as well as accelerated
migration [1, 17]. Several factors control the actin motor underlying cell migration [18], thus
itis likely that actin Nt-acetylation by NAAB8O is crucial for normal cytoskeletal regulation.
The considerably altered cellular phenotype of NAA80 KO cells, combined with the known
key roles of the actin cytoskeleton in several cellular processes, makes it likely that the
absence of actin Nt-acetylation affects the functional organization of cellular organelles;
however, this has not been previously explored.

Indeed, the actin cytoskeleton plays an important role in the organization of the Golgi
apparatus [19-21], although the molecular mechanisms of this connection remain
incompletely understood. The Golgi is composed of stacks of flat disc-like membranes
termed cisternae, and acts as a key organelle of the secretory pathway and central station in
intracellular trafficking [22—24]. The polarized Golgi stacks are divided into cis, medial and
trans compartments, which accommodate distinct sets of Golgi enzymes that successively
process secretory cargo proteins passing through this organelle on their way from the
endoplasmic reticulum (ER) to the plasma membrane (PM) [22]. Mammalian cells typically
contain multiple cisternal stacks, which are laterally linked to form the Golgi ribbon, a
continuous structure, which is positioned in the perinuclear region due to its close
association with the centrosome [25, 26].

Several findings support the notion of an intimate link between the actin machinery and the
structural organization of the Golgi apparatus. Depletion or overexpression of different actin
binding proteins (ABPs) has been reported to affect Golgi structure. For example, Golgi
dispersion has been shown to result from depletion or overexpression of the actin nucleation
promoting factor WHAMM (WASP homolog associated with actin, membranes and
microtubules) [27], or constitutive activation of Diaphl [28]. It also takes place in response
to overexpression of INF1 [29], depletion of certain formins like FMNL1+y [30], FMNL2
and -3 [31], or a splice variant of INF2 [32], as well as depletion of certain myosins, such as
myosin 1C [33]. On the other hand, Golgi compaction was observed upon depletion of
cortactin [34], or the unconventional myosin 18A [35]. Furthermore, a Golgi-specific
tropomyosin isoform was identified which might stabilise actin filaments at lateral rims of
Golgi cisternae for vesicle formation [36].
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Moreover, Golgi structure is affected by drugs targeting actin polymerization. Stabilising
drugs like Jasplakinolide were reported to cause Golgi fragmentation, whereas actin
depolymerising drugs like Latrunculin A were associated with Golgi compaction [37, 38].
Interestingly, Nt-acetylation of actin was reported to affect the balance between G- and F-
actin in the favour of F-actin [1], as well as actin elongation and depolymerization
properties, with the proposed net result being the stabilisation of filaments [1, 17]. However,
neither the absolute F-actin levels of NAA80 KO cells, nor their Golgi morphology, have
been previously addressed.

Results and Discussion

Absence of NAA8O and actin Nt-acetylation cause Golgi fragmentation

Initially, we subjected NAA8O KO cells to a small-scale organelle morphology screen using
specific markers in immunofluorescence staining (Fig. 1A and B). These cells were
validated to lack both the NAAB8O protein and actin Nt-acetylation (Fig. 1C). We found that
the NAA8O KO cultures harbour an increased proportion of cells with a fragmented Golgi,
as initially detected by antibodies towards the cis-Golgi protein GM130 (Fig. 1A). Further
quantification validated this observation (Fig. 1D). Use of different Golgi markers revealed
that Golgi fragmentation can also be detected with antibodies against Golgi residents, which
preferentially localize to medial (Fig. 1E) or trans compartments (Fig. 1F). The observed
colocalisation of GM130 with the medial- and trans-Golgi markers in the KO cells indicated
that while the Golgi ribbon becomes fragmented, the individual stacks remain relatively
intact. Corresponding results for an additional knockout clone are shown in Supplemental
Fig. S1. This analysis did not reveal any other organelles affected by the lack of NAA8O
among those investigated (ER, mitochondria, lysosomes and endosomes) (Fig. 1B).
However, it should be noted that this observation-based cell stain analysis does not
completely exclude possible effects of NAA80 KO on other organelles potentially detectable
by for example electron microscopy.

Golgi fragmentation in NAA80 KO cells is a specific effect of missing actin Nt-acetylation

We next tested whether there exists a direct link between the Golgi phenotype of the NAA8O
KO cells and the Nt-acetylation status of actin. Therefore, NAA80 KO cells were transiently
transfected with EGFP constructs containing either the functional NAA8O enzyme or a
catalytically non-functional NAA8O mutant, in addition to an empty EGFP control (Fig.
2A). Subsequently, cells were stained for GM130 and the degree of Golgi fragmentation was
evaluated in transfected cells (Fig. 2 B). Only transfection with the functional NAA8O
enzyme could significantly decrease Golgi fragmentation (Fig. 2B). A modest rescue effect
is likely due to limited time of NAA8O expression in this transient transfection assay.
Unspecific effects of the NAA8O knockout is unlikely since rescue assay with the other
NAAS8O knockout clone showed the same trend (Fig. S1 G and F). From previous work, we
know that NAASO is highly likely to act very specifically on actin [1, 2]. Assessing the actin
Nt-acetylation status by western blot (Fig. 2C), demonstrated that the actin modification was
restored to a high degree by this transient transfection. Following reacetylation of actin in
this rescue assay, it is likely that reversing the Golgi fragmentation will take additional time.
Combined, the data in Figure 2 show that Nt-acetylation of actin corresponds to a more
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compact Golgi phenotype, whereas lacking Nt-acetylation of actin is associated with
conditions of increased Golgi fragmentation. Thus, NAA8O enzymatic activity, i.e. actin Nt-
acetylation, is necessary to obtain normal Golgi structure.

Golgi fragmentation and hypermotility phenotypes of NAA80 KO are distinct

We previously showed that HAP1 NAA80 KO cells display a hypermotile phenotype, as
shown by an increase in both random single cell movements and directed migration in a
wound healing assay. In the latter case the NAA80O KO cells were able to fill the
experimental wound significantly faster than control cells [1]. Since re-positioning of the
Golgi apparatus is a pre-requisite for cell polarization and matility [26, 39], we tested
whether the observed Golgi fragmentation of NAA8O KO cells could be connected to their
hypermotile phenotype. Accordingly, Golgi morphology of HAP1 Ctrl and NAA8O KO cells
was investigated during a wound healing assay. After 18 h of cell migration, the wounded
cultures were fixed and co-stained for GM130 and phalloidin to visualise ¢/s-Golgi and the
actin filament networks, respectively (Fig. 3A). The Golgi fragmentation phenotypes of cells
at the wound edge, or residing within the confluent inner cell mass, at least 180 um from the
wound edge, were compared (Fig. 3A). In general, we observed an increased tendency for
Golgi fragmentation in the migrating (wound edge) vs. the non-migrating (inner mass) cells.
For example, the actively migrating HAP1 Ctrl cells showed an about five-fold increase of
Golgi fragmentation, as compared to the non-motile cell population. Nevertheless, in
comparison to the control cells, the actively migrating NAA80 KO cells at the wound edge
still showed about two-times higher degree of Golgi fragmentation. Comparing the non-
migrating cells in the inner confluent areas, an approx. six-fold increase in Golgi
fragmentation was observed in NAA80 KO vs. Ctrl cells. In summary, a fragmented Golgi
can typically be observed more frequently in migrating wild-type cells as compared to non-
migrating wild-type cells [26]. Importantly, however we disproved that the Golgi
fragmentation observed in the NAA80 KO could simply be a secondary outcome of the
previously established hypermotility phenotype of NAA80 KO cells [1, 17], but rather is
specifically connected to the Nt-acetylation status of actin.

In addition to the fixed cells of the wound-healing assays, we investigated Golgi morphology
in living migrating cells using an mNeonGreen-conjugated mannosidase Il construct (Fig.
3C and Supplementary movie 1 and 2). In HAP1 Ctrl cells, the Golgi maintained its compact
morphology and static localisation for almost the entire 6 h recording period. Only during
the last two hours, noticeable repositioning of the Golgi towards the wound was seen. By
contrast, in NAA80 KO cells the Golgi seemed to be much more dynamic, switching several
times between compact and more fragmented morphologies, without assuming a preferred
positioning in front of the nucleus facing the leading edge. In agreement with their
hypermotile character, the NAA8O KO cells containing the Golgi signal advanced well into
the open wound during the 6 h of live imaging. Supplementary movies related to this article
can be found at https://doi.org/10.1016/j.yexcr.2020.111961

In summary, imaging of living cells suggested that increased Golgi dynamics and continuous
remodelling of Golgi membranes might be the underlying reason for the Golgi
fragmentation encountered in fixed cells. Furthermore, these results raise the possibility that
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the actin cytoskeleton could also increase its dynamics in the absence of actin Nt-
acetylation; however, this point is not supported by current /n vitro data [1], and remains to
be investigated in intact cells. Additionally, based on the present live-imaging data, it can be
speculated whether the lack of Nt-acetylation of actin renders the cell incapable of proper re-
orientation of Golgi towards the leading edge of migrating cells. However, even if this were
the case, it does not impair the speed of migration of the NAA80 KO cells, which remains
constant in the course of wound healing [1]. It is possible that the total lack of Nt-acetylated
actin in these cells represents a highly artificial condition, which is unrelated to normal cell
physiology. Under these conditions it is possible that several actin-cytoskeletal functions are
affected simultaneously, creating an imbalance in these tightly regulated processes and
making the connection between migration and Golgi phenotypes difficult to interpret.

Increased F-actin content of NAA8BO KO cells may contribute to Golgi fragmentation

Since Golgi structure is affected by altered F-actin content [37, 38], and Nt-acetylation of
actin was reported to decrease the G/F-actin ratio [1], we wanted to directly assess the F-
actin content of NAA80 KO cells. We therefore optimized an F-actin measurement
procedure based on intra-well simultaneous phalloidin staining of NAA80O KO and Ctrl cells
(see Methods). Notably, the intensity of the F-actin signal was clearly higher in the NAA8O
KO cells (Fig. 4A). Quantification of the F-actin signal relative to cell size revealed that
NAAS8O KO cells display a considerably (approx. 1.6-fold) more intensive F-actin signal, as
compared to Ctrl cells (Fig. 1B). In order to quantitatively assess the cell size for this
purpose, we subjected cells to live-cell holographic image analysis. Here we detected an
increased cell size in both 2D cell area (Fig. 4C) and 3D cell volume (Fig 4D), of which the
latter has previously been linked to F-actin content [40, 41]. In addition, a parameter called
cell shape irregularity was also noticeably increased for NAA80O KO cells in this analysis
(Fig. 4E), possibly reflecting the increased tendency of NAA80 KO cells to form the
cytoskeleton-supported membrane protrusions reported previously [1]. The holographic time
lapse movies S3 and S4 display differences in morphological parameters detected in the
quantitative analysis.

Intriguingly, the simultaneous occurrence of increased F-actin levels and a fragmented Golgi
has already been observed in other contexts, for example, when employing F-actin
stabilizing or destabilizing drugs or up/down regulation of certain ABPs, as mentioned
earlier. Certain ABPs could conceivably be dependent on the Nt-acetylated state of actin, in
line with known implications of Nt-acetylation for other proteins [4, 9, 42, 43]. This could
potentially either affect the Golgi structure directly or contribute to increased F-actin
content. But, it remains currently unknown whether the binding behaviour of ABPs are
sensitive towards this N-terminal modification. Another proposed general mechanism of Nt-
acetylation is its impact on protein turnover [44]. Thus, one may consider whether actin
itself might accumulate over time due to an increased half-life in the absence of the Nt-
acetylation. Absolute levels of total actin in NAA8O KO cells relative to Ctrl have however
not been precisely determined yet.

It has already been shown that the proliferation of HAP1 NAA80 KO cells is somewhat
slowed down [1]. Hence, it is possible that the increased fragmentation of the Golgi in

Exp Cell Res. Author manuscript; available in PMC 2020 June 22.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Beigl et al.

Methods

Page 6

NAASBO KO cells is partly caused by delay(s) in cell cycle progression, since Golgi
morphology is closely regulated and undergoes dramatic changes during the cell cycle. At
late G2 phase, as cells prepare for mitosis, the Golgi ribbon is unlinked, as the individual
cisternal stacks lose their lateral connections and become separated. This step in particular
has been suggested to be regulated also by the actin cytoskeleton [45] and Golgi inheritance
phenotypes connected to this has been reported [46]. Conversely, Golgi fragmentation might
in turn affect cell cycle progression. Note however, that visually detectable mitotic cells
were excluded from the Golgi phenotype analysis and that the most dramatic fold increase in
Golgi fragmentation was obtained from cells in the confluent inner mass in the wound assay,
where one can expect a limited amount of cell division events.

In conclusion, we here showed that Nt-acetylation of actin by NAAS8O is essential for
maintaining the structural integrity of the Golgi and point to a balance in F-actin amount as a
possible important mechanistic link. Hence, we reveal new insight into the cellular function
of this newly identified actin modifying enzyme. It remains a topic for future studies to
determine whether actin Nt-acetylation dynamics might have biological regulatory roles to
increase migration speed and/or Golgi fragmentation under certain conditions and whether
Nt-acetylation-dependent ABP interactions might be involved.

Plasmids and Antibodies

Cell culture

NAABO-EGFP and NAA80Omut-EGFP were described previously [1]. mNeonGreen-Manll-
N-10 was obtained from Allele Biotechnology, San Diego, CA, USA.

Primary antibodies used were mouse anti-Nt-acetylated p-Actin (Abcam, ab6276, Nt-Ac
specificity validated in [1]), mouse anti-Actin-pan (Abcam, ab8224), rabbit anti-COXIV
(Cell signalling Technology, 4850), rabbit anti-EEAL (Santa Cruz Biotechnology, sc-33585),
rabbit anti-GAPDH (Santa Cruz Biotechnology, sc-25778), rabbit anti-GM130 (Abcam,
ab52649), mouse anti-GM130 (BD Biosciences, 610822), mouse anti-LAMP1 (Santa Cruz
Biotechnology, sc-18821), rabbit anti-Mannosidase 11 (kind gift from Kelley Moremen
University of Georgia, USA), rabbit anti-NAA8O (custom made, Biogenes GmbH, Berlin,
Germany), mouse-PDI (Thermo Fisher Scientific Inc., MA3-018), sheep anti-TGN46 (Bio-
Rad Laboratories Inc., AHP5006).

HAP1 cells were obtained from Horizon Genomics and cultured as recommended. NAAS8O
KO1 (HZGHC003171c003) and KO2 (HZGHC003171c012) and wild-type HAP1 cells
(C631) were grown in Iscove’s Modified Dulbecco’s Medium with 10% FBS and 1%
penicillin/streptomycin. In the present study, NAA80 KO2 (HZGHC003171c012,
harbouring a 404 bp insertion in exon 2) was used as the primary clone and central results
were validated with NAA80 KO1 (HZGHC003171c003, harbouring a 17 bp deletion in exon
2) shown in the Supplementary data. The original KO numbering previously introduced [1]
was kept. Since these near-haploid cells typically diploidize spontaneously over time, all
HAP1 cell lines were passaged until diploid status was confirmed by an Accuri BD C6 flow
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cytometer using propidium iodide, as described previously [1] and detailed in (Beigl,
Kjosas, Seljeseth, Glomnes and Aksnes, unpublished).

All cells were kept at 37 °C and 5% CO,. In transfection experiments, cells were seeded on
plates or coverslips and transfected with X-tremeGENE 9 (Roche) as recommended and
imaged ~24 h posttransfection.

Immunofluorescence staining of cells

Cells grown on glass coverslips (1.5 H, Assistant) were fixed with 3% (wt/vol)
paraformaldehyde (PFA) in 0.1 M phosphate buffer for 30 min, permeabilized with 0.1%
Triton X-100 for 10 min, washed in PBS, blocked with 8% BSA/2% goat serum in PBS for
1h, incubated with primary antibody diluted in 2% BSA/2% goat serum for 1-4 hours,
washed in PBS, incubated with secondary antibody for 45-60 min, washed three times in
PBS for a total of at least 1 h, and finally washed in water before mounting in Prolong
Diamond with DAPI. F-actin was detected by incubation with fluorescent conjugated
phalloidin (diluted 1:50 in PBS) along with the secondary antibodies.

F-actin intensity measurement

Imaging

For the quantification of F-actin by phalloidin-fluorescence intensity, additional steps were
performed to secure comparable intensity quantification. Knockout and control cells were
seeded in each side of an ibidi two chamber silicone inlet placed on a 12 mm coverslip. The
following day, prior to fixation, the silicone inlet was removed to allow the simultaneous
intra-well processing of the two different cell lines. Cells were immediately fixed as
described above, washed three times with PBS and subsequently permeabilised like IF
samples (0.1% Triton X-100, 10 min, RT). Phalloidin-Atto 647N was diluted 1:50 in PBS
and incubated for 20 min at RT in the well. For the imaging, randomly chosen single cells
without any directly adjacent cells were imaged as z-stacks including the whole F-actin
cytoskeleton. High-speed confocal imaging was done with the Andor Dragonfly system as
further described below. The total intensity of the F-actin signal in z-stacks was quantified
using the Imaris software.

Confocal (STED) images were obtained using a Leica TCS SP8 STED 3x confocal laser
microscope equipped with an HC PL APO STED 100x 1.4 NA oil objective, 1 Airy unit
pinhole aperture and the appropriate filter combinations. The used lasers were a blue-diode
(405 nm, 50 mW), white-light (470-670 nm lambda range, ~ 1.5 mW per line, pulsed
supercontinuum), and a depletion laser (STED, 775 nm). Images were acquired with the
Leica Application Suite X software, exported and processed in ImageJ.

High-speed confocal imaging of fixed samples was performed using an Andor Dragonfly
500 spinning disk confocal system mounted on a Nikon Eclipse Ti2 microscope with a CFI
SR HP Apo TIRF 100x 1.49 NA oil objective, iXion camera and appropriate filter
combinations. The system was coupled to an Andor Integrated Laser Engine multi-line laser
source in combination with the Andor Borealis Beam Conditioning Unit. Images were
acquired with the Fusion software and analysed using the Imaris software.
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Golgi phenotype quantification was done using a Leica DMI6000 B wide field fluorescence
microscope in combination with an HCX PL APO 100x 1.4 NA oil objective (+1.5x
magnification lens). In randomly chosen fields of view cell number was counted using the
DAPI stained nuclei and number of cells with compact and fragmented Golgi morphology
was determined using the Golgi marker GM130, similar as previously [47]. Mitotic cells
recognisable by the DAPI staining were excluded. In quantification approaches with
transient transfected cells, only visibly transfected (EGFP expressing) cells were included.
Cells only partly visible in the field of view were excluded from the quantification.

For the live-cell fluorescent imaging, HAP1 NAA80 KO and control cells were seeded
simultaneously in one 35 mm p-dish (ibidi) on each side of a silicone insert (ibidi). Cell
attachment was facilitated 20 min at RT followed by incubation at 37°C, 5% CO2 for 2
hours before transfection with the Manll-mNeonGreen construct. After approx. 24 h, the
silicone inlet was removed and the dish gently rinsed with PBS. Using a thin sterile needle,
micro scratch wounds were inflicted in both Ctrl and KO cell patches. Dishes were filled
with IMDM w/o phenol red and immediately imaged using the Andor Dragonfly spinning
disk system in combination with a 60x CFI Plan Apochromat Lambda oil objective. Small z-
stacks with 5 planes were taken every 15 min at a maximum of four positions in one session
using the Fusion software. Images were subsequently exported to the Imaris software for
further processing.

For holographic imaging and analysis of live cells a HoloMonitor M4 (PHI AB, Sweden)
was used. Data in form of holographic 3D time-lapse images were further processed in the
HStudio software. 50,000 cells were seeded in 35 mm p-dishes (ibidi) in 3 ml cell culture
medium. This resulted in an initial cell confluency of 2-5%. Cells were imaged every 5 min
for 13 hours with at least 3 different fields of view per dish (20x magnification).
Morphological analysis of cell area, volume and cell shape irregularity was done for images
taken 13 hours post seeding. Cells were identified and segmented by defining an object size
threshold combined with background threshold Auto-Otsu, pre-smoothing “off”.

SDS PAGE and Western blot

SDS PAGE and Western blot was performed as described previously [48].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary statement

The authors report on a newly identified posttranslational modification of actin and show
here how its absence fragments Golgi structure, possibly through elevated levels of F-
actin.
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Fig. 1. NAAB8O knockout resultsin Golgi fragmentation.
A Confocal STED images showing the Golgi morphology in fixed HAP1 Ctrl and NAA8O

KO cells labelled with GM130, a cis-Golgi protein. Nuclei were stained with DAPI.
Representative images from three independent experiments, scale bars =5 um. B. Fixed
HAP1 Ctrl and NAAB8O KO cells were IF labelled with different subcellular markers as
indicated in addition to DAPI nuclear stain. Representative confocal STED images from two
independent experiments, scale bar = 10 um. C. Western blot analysis of HAP1 Ctrl and
NAAS80 KO whole cell lysates showing the Nt-acetylation status of actin (Ac-p-actin) and
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detection of pan actin and NAA80. GAPDH was used as a loading control. One of three
independent experiments is shown. D. Quantification of Golgi fragmentation in HAP1
NAABS8O KO cells, expressed relative to Ctrl and with absolute % of fragmented Golgi
complexes in the culture indicated. The mean + sd from three independent experiments
(each with n =500 cells) is shown. *p < 0.05, unpaired t-test with Welch’s correction. E.
HAP1 Ctrl and NAA80 KO cells co-stained for GM130 (¢/s-Golgi) and Mannosidase Il
(medial-Golgi). Confocal STED images out of two independent experiments are shown.
Zoomed-in inset images are in 3x magnification, scale bar =5 pm. F. As in E, but showing
co-staining of GM130 (c¢/s-Golgi) and TGN46 (#rans-Golgi).
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Fig. 2. Restoring actin Nt-acetylation decreases Golgi fragmentation in NAA80O KO cells.
A. HAP1 NAAB8O KO cells were transfected with either EGFP-control vector, NAA8O-EGFP

or catalytically dead NAA8O,,+-EGFP, fixed 24 h post transfection and IF stained for
GM130. Representative confocal STED images from three independent experiments are
shown; scale bar = 20 ym. B. Quantification of Golgi fragmentation in the transfected
NAAS8O KO cells shown in A. The mean + sd of three independent experiments (each with n
> 200 cells) is shown; *p < 0.05, one-way ANOVA with Tukey’s multiple comparison test.
C. Western blot analysis of EGFP, actin Nt-acetylation (Ac-B-actin), pan actin and NAA8O
in whole cell lysates of transfected NAA8O KO cells. Cells were transfected as in A and
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harvested 24 h post transfection. Representative blots from two independent experiments are
shown.
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Fig. 3. Increased Golgi fragmentation in NAA80 KO cellsisindependent of cell motility and
involves enhanced Golgi dynamics.

A. HAP1 Ctrl and NAA8O KO cells in a wound-healing assay, fixed 18 h post wounding,
labelled with GM130 antibodies and stained with phalloidin. Confocal STED images show
an overview of the wound edge (top, only phalloidin, 25x objective) and zoomed-in images
showing the Golgi morphology in cells at the leading edge (100x objective). Representative
images from three independent experiments are shown; scale bars correspond to 50 or 10 um
(overview or zoomed-in images, respectively). B. Quantification of Golgi fragmentation in
the motile (leading edge) and relatively stationary (culture interior) cells from A. The mean

NAA80 KO
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+ sd from three independent experiments is shown, including n = 200 cells per experiment. *
p < 0.05, one-way ANOVA with Tukey’s multiple comparison test. C. Selected images from
live-cell recordings of HAP1 Ctrl or NAA8O KO cells transiently transfected with
mannosidase Il-mNeonGreen and migrating into the wound area during the total 6 h period
of imaging. Cells were seeded 24 h and transfected 22 h prior to wound infliction and
subsequent initiation of imaging. Shown are maximum projections of selected z-stacks (5
optical sections) acquired with spinning disk microscopy. Arrows point in the direction of
cell movement. Representative cells at the very wound edge were chosen from a minimum
of three independent experiments. Scale bar =5 pum.
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Fig. 4. Increased level of F-actin and morphological differencesin NAA80 KO cells.
A. HAP1 NAAS8O KO and Ctrl cells were subjected to intra-well simultaneous fluorescent

phalloidin staining and imaged with equal settings using a high-speed confocal spinning
disk. Shown are representative cells for Ctrl and NAA80 KO imaged as z-stacks. DAPI was
used to stain nuclei. Scale bar = 10 um. B. The sum of F-actin intensity (based on the
phalloidin staining) was measured in single HAP1 Ctrl and NAA8O KO cells from A. Shown
are single values for the relative F-actin intensity normalised to the Ctrl. The mean is marked
as ared line. A total of n =100 cells pooled out of three independent experiments are shown.
****p < 0.0001, unpaired t-test with Welch’s correction. C-E. Morphological analysis
measuring 2D cell area (C, 49 % increase), 3D cell volume (D, 32 % increase) and cell
shape irregularity (E, 24 % increase) by live-cell holographic imaging using the
HoloMonitor M4 system (see Methods). Shown is the mean (black line) with £ SEM (red
lines) of n = 364 (NAAB80 KO) and n = 383 (Ctrl) cells pooled together out of three
independent experiments. **** p < 0,0001, unpaired t-test with Welch’s correction.
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