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Abstract

Activating transcription factor 3 (ATF3) is a member of the mammalian activation transcription
factor/cAMP, physiologically important in the regulation of pro- and anti-inflammatory target
genes. We compared the induction of ATF3 protein as measured by Western blot analysis with
single-molecule localization microscopy dSTORM to quantify the dynamics of accumulation of
intranuclear ATF3 of triglyceride-rich (TGRL) lipolysis product-treated HAEC (Human Aortic
Endothelial Cells). The ATF3 expression rate within the first three hours after treatment with
TGRL lipolysis products is about 3500/h. After three hours we detected 33,090 + 3,491 single-
molecule localizations of ATF3. This was accompanied by significant structural changes in the F-
actin network of the cells at ~3-fold increased localization precision compared to widefield
microscopy after treatment. Additionally, we discovered a cluster size of approximately 384
nanometers of ATF3 molecules. We show for the first time the time course of ATF3 accumulation
in the nucleus undergoing lipotoxic injury. Furthermore, we demonstrate ATF3 accumulation
associated with increased concentrations of TGRL lipolysis products occurs in large aggregates.

Introduction

In the past two decades a number of far-field superresolution methods have been developed
and published 1-5. Using fluorescence microscopy techniques, investigators discovered that
dye molecules can exhibit a bright fluorescent state and non-fluorescent dark statel: 2. 6, By
exploiting the reversible transition between these states, resolutions below the diffraction

© The Royal Society of Chemistry 2013

TCorresponding author: Dr. Idir Yahiatene Biomolecular Photonics Department of Physics University of Bielefeld
Universitaetsstrasse 25 33615 Bielefeld, Germany Tel.: +49 521 106-5452 iyahiate@physik.uni-bielefeld.de.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Yahiaténe et al.

Page 2

limit (~250 nm), postulated by Ernst Abbe, can be achieved. Thus, resolving nano-scaled (a
few tens of nanometers) intracellular structures can be achieved.

Many variations of localization and calculation-based techniques are available such as
(d)STORM ((direct) Optical Reconstruction Microscopy)? 78, PALM (Photo-Activated
Localization Microscopy)3' 2, and SOFI (Superresolution Optical Fluctuation

Imaging)* 10-14 (d)STORM 15 and PALM ! detect single-molecules based on
approximating the fluctuating PSF (pointspread functions) by 2D Gaussians and the
subsequent determination of their center of mass on each frame of a movie of thousands of
images taken at millisecond time scalel® (~ 10-50 ms). These coordinates are then used to
reconstruct an image with subdiffraction resolution. In the present work, we used these
techniques to quantify the number of single-molecule signals or localizations. A single-
molecule localization is a calculated set of 2D coordinates extracted from a nonlinear fitting
process of a gaussian function to a molecule's PSF after a fixed number of iterations. Since
these are approximations, the calculations result in a slight overestimation of fluorescent
molecules due to multiple localizations.

Elevation of blood triglyceride-rich lipoproteins (TGRL) is a known atherosclerotic
cardiovascular disease risk factor and can induce endothelial dysfunction and inflammation.
TGRL are hydrolyzed on the endothelial cell surface by lipoprotein lipase (LpL), and
increased concentrations of TGRL lipolysis products stimulate the expression of multiple
proinflammatory, procoagulant, and proapoptotic genes in cultured endothelial cells16-18,
TGRL lipolysis releases neutral and oxidized fatty acids that induce endothelial cell
inflammation?®. Also, TGRL lipolysis products alter endothelial cells by increasing very
low-density lipoprotein remnant deposition in the artery wall, augmented endothelial
monolayer permeability, perturbed zonula occludens-1, polymerization of F-actin, and
induction of apoptosis?® 21, Further, TGRL lipolysis products significantly increased the
production of reactive oxygen species in endothelial cells and altered lipid raft
morphology?2. Thus, TGRL lipolysis products in high physiological and pathophysiological
concentrations have multiple proinflammatory actions on endothelial cells23. Our studies
have shown that TGRL lipolysis products stimulate strong up regulation of activating
transcription factor 3 (ATF3), which appears to be a key regulating transcription factor
inducing endothelial cell proinflammatory response genes. ATF3 is a member of the

CAMP 2425 responsive element-binding (CREB) protein family of transcription factors. It
contains a ZIP protein region facilitating interactions with related proteins that form a suite
of AP-1 sequence binding transcription complexes stimulating a variety of cell and context
specific gene responses. We have shown that ATF3 accumulates in the nucleus of TGRL
lipolysis product treated endothelial cells in vitro and in vivo and that translational inhibition
of ATF3 diminishes lipolysis product induction of pro-inflammatory responses 22 In this
paper we rely on the ability of ASTORM 15 to quantitate ATF3 at the single-molecule 26
level. By precisely localizing molecular point spread functions (PSF), we are able to
determine an upper boundary of the total number of antibodies attached to transcription
factor molecules in the nucleus of the endothelial cell and therefore provide a good measure
for the actual number2’ of ATF3 molecules present. Additionally, dSSTORM provides us
with optical resolution below the diffraction limit 28 to enable the investigation of structural
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changes at the nanoscale and to perform a cluster analysis of ATF3 molecules to describe
molecular interactions or foci of accumulation. These experiments cannot be performed
directly with conventional biological reference methods and therefore ASSTORM may
provide a significant improvement in the molecular biology toolbox.

Materials and Methods

Sample preparation

Human TGRL isolation—The protocol for obtaining human TGRL was approved by the
Human Subjects Review Committee at the University of California Davis. Postprandial
blood samples were obtained 3.5 h after consumption of a moderately high fat meal, which
corresponds to the peak elevation in plasma triglyceride concentrations. Triglyceride-rich
lipoproteins (TGRL) were isolated from human plasma at a density of less than 1.0063 g/mL
following an 18 h centrifugation at 40,000 rpm in a SW41 Ti swinging bucket rotor
(Beckman Coulter, Sunnyvale, CA) held at 14°C within a Beckman L8-70M (Beckman)
ultracentrifuge. The top fraction (TGRL) was collected and dialyzed in Spectrapor
membrane tubing (mol. wt. cut off 3,500; Spectrum Medical Industries, Los Angeles, CA) at
4°C overnight against a saline solution containing 0.01%EDTA. The TGRL lipolysis mix
routinely used in experiments was normalized based on triglyceride concentrations and was
diluted to contain 150 mg/dl of triglycerides. Total triglyceride content of samples was
determined using the serum triglyceride determination kit (Sigma Aldrich, cat # TR0100).
The kit converts triglycerides to free fatty acids and glycerol and glycerol is assayed
enzymatically.

Reagents and antibodies

Lipoprotein lipase (LpL) (L2254) and monoclonal anti-p-actin antibody (A 5441) were
purchased from Sigma, St. Louis, MO. ATF3 (sc-188) antibody was purchased from Santa
Cruz Biotechnology, Santa Cruz, CA. F-actin (Alexa Fluor® 488 Phalloidin, A12379) was
purchased from Molecular Probes, Eugene, OR.

Cell culture and lipid treatments—Human aortic endothelial cells (HAEC) (passage 6,
Cascade Biologics, Portland, OR) were cultured in EBM-2 basal media (cc-3156)
supplemented with EGM-2 SingleQuot Kit (cc-4176) (Lonza, Walkersville MD) under an
atmosphere of 5% CO,: 95% air at 37°C. Cells were exposed for 1, 2, and 3 h to the
following conditions, media or TGRL lipolysis products (TGRL (150 mg/dL = 1.5 mg/mL)
+ lipoprotein lipase LpL (2 U/mL). The final concentration of TGRL lipolysis products were
diluted in media and pre-incubated for 30 minutes at 37°C prior to application.

Western Blotting—To confirm translation of ATF3 mRNA, we performed Western Blot
analysis. HAEC were grown to confluence in 6-well plates and then treated as described
above for 1, 2, and 3 h. After the incubation, cells were washed twice with PBS, scraped
with cold PBS and centrifuged at 3,000 rpm for 10 min at 4°C. Cell pellets were lysed in
radioimmune precipitation assay (RIPA) buffer containing 50 mM Tris (pH 7.4), 150 mM
NaCl, 1% NP40, 0.25% sodium deoxycholate, 0.1% SDS, 1x Protease inhibitor cocktail set
1 (Calbiochem, La Jolla, CA), ImM NaF, and 1mM Na3zVOy,. Protein concentration was
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determined with the bichinoicacid assay (Pierce), and equal amounts of proteins (60 Lg)
were separated by NUPAGE® Novex® 4-12% Bis-Trisprotein gels using NUPAGE® MES
SDS Running Buffer (Life Technologies, Grand Island, NY). Proteins then were transferred
onto 0.2-um polyvinylidenedifluoride membranes (Bio-Rad,Hercules, CA), which were
subsequently blocked with 5% nonfat milk for 1 hand then probed with ATF3 (1:200
dilution) or blotting control mouse monoclonal anti-B-actin (1:5,000) at 4°C overnight.
Membranes were then incubated with HRP-conjugated secondary anti-rabbit or anti-mouse
antibody (1:10,000). Blots were developed with the enhanced chemiluminescence detection
system according to manufacturer's instructions (Amersham).Protein expression levels were
determined using a densitometer and Image Quant.

Immunofluorescence analysis—The cellular localization of endogenous, as well as
transiently expressed ATF3, was analyzed by fluorescence microscopy. HAEC were grown
to confluence on fibronectin-coated 12-mm round coverslips placed in 24-well medical-
grade polystyrene plates (BD Falcon) and were treated (n = 3 coverslips per treatment
group) as described for 1, 2, and 3 h. After treatment, cells were fixed with 4%
paraformaldehyde and washed with PBS. Cells were permeabilized, blocked with
Superblock (Pierce, Rockford, IL) containing saponin, incubated with rabbit polyclonal anti-
ATF3 (1:100 dilution), and washed with 0.1% SuperBlock to remove unbound material.
Subsequently cells were treated with goat anti-rabbit antibody conjugated to Alexa fluor
488; unbound material was removed as above. For F-actin staining, cells were fixed and
stained with Alexa Fluor® 488 Phalloidin after treatment with TGRL lipolysis products for
3 h. After cells were mounted, they were evaluated and photographed with the Applied
Precision OMX (Ver. 2).

dSTORM measurements

ATF3 quantification—All imaging experiments were performed on the Applied Precision
OMX (Optical Microscope Experimental, Applied Precision, Issaquah, WA 98027, Ver. 2)
operating in conventional mode (widefield illumination). The imaging settings were set to
532nm excitation at 30ms per frame adjusted to 50 percent laser intensity. All samples were
imaged at a resolution of 80nm/px at 512x512 pixels and rendered at a pixel resolution of
30nm with sub-pixel precision using the built-in Fiji plugin quickPALM 2° developed for
localization-based superresolution methods. The endothelial cells were mounted on a
conventional microscope slide covered with a thin cover slip. Therefore, the number of
frames for the movies acquired is limited to 5,000 by the photostability of the fluorescent
dye molecules without using any oxygen-scavenging system. Thus, the stochastic single-
molecule blinking and the corresponding off-times of the fluorophores are based on triplet-
state blinking. As required in all localization-based single-molecule superresolution
approaches, the off-times of the fluorescent labels have to be substantially longer than the
on-times in order to achieve sufficient separation in time to prevent the PSF from
overlapping in space. This can be tuned by the excitation intensity. High laser intensities
correlate with a high probability for the fluorophore to populate the triplet state (long-lived
dark state) and therefore to switch a fluorescent dye off temporarily. The reconstruction of a
single-molecule-based image is done by approximating the detected intensity distributions at
given positions with a 2D-Gaussian density function and determining its center of mass for
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each PSF for the entire image sequence. As a result of this nonlinear fitting operation the
coordinates of the molecules then are used to mark the actual position of the molecule on a
new image with an increased number of pixels with high accuracy. Detecting single?’ ATF3
molecules was accomplished by attaching a polyclonal antibody stain to the targets (see
section on sample preparation). To be precise, we counted single-molecule localizations
based on the fitted center of mass for each. This number slightly overestimates the actual
number of ATF3 molecules depending on the fitting accuracy of the underlying algorithm 8.
Each fluorophore attached to the molecule of interest is localized multiple times due to its
blinking behavior. This will be partially compensated by the fact that the localization
precision of localization-based superresolution techniques are still limited (error on
nonlinear fit is larger than the actual distance between two neighboring dyes) and therefore a
single localization can be assigned to different nearby fluorophores. Possible background
fluorescence signals due to any non-specificity were removed by subtracting the results
obtained from the control group (see section on superresolution measurements). F-actin
imaging experiments were performed under the exact same conditions as stated above but
with 30,000 frames. The reconstruction conditions are maintained.

Cluster analysis of nuclear ATF3 using Ripley's K-Function

Following an unbiased approach by using superresolution localization microscopy, we
examined cellular ATF3 dynamics. To investigate the potential interaction of ATF3
molecules in the cell nucleus we performed a cluster analysis of single-molecule
localizations3? (Fig. 5 B and E) based on Ripley's K-Function

K (r)=x""Y I (d;;<r)

i#]

where v is the density of points distributed over the observed area. | represents the indicator
function with | = 1 if the distance between the i-th and the j-th spot is smaller than a probed
distance r, otherwise | is equal to zero. Correcting K(r) for the variance of a Poisson process
K(r) is renamed to

L(r)y=y/K(r)/x.

In the case of complete spatial randomness (csr) the normalized K-Function

L(r)y—r

is zero. Briefly, the Ripley's K-Function provides information on the density of localizations
as a function (or within) a given distance r. In Fig.5 we evaluate L(r) — r for untreated cells
as well as treated ones. Any positive deviation from zero is interpreted as clustering of the
molecule of interest. In addition to that there is no ‘cut-off cluster size. Instead, the
(normalized) K-Function displays frequently occurring distances between localizations
within a region of interest. Negative values account for dispersion. In both samples, treated
and media, we found a maximum of the K-Function around 30 nm accounting for unspecific
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binding of the antibody used for immunostaining (Fig. 5 C and F). In the case of a treated
HAEC our analysis reveals three distinct secondary maxima atr = (270 — 22) nm, r = (360
—40) nmand r = (525 £ 32) nmwhere major clustering occurs (Figure 4F (inset)). This
finding nicely matches the sizes of the clusters shown and labeled with a red dot in the insets
(i and ii) of Fig.4E. Inset (ii) of Fig. 5E depicts the blue cross section along one cluster in the
digitally magnified image (i). The example aggregate shown in E (ii) can be assigned to the
set of clusters predicted by the normalized K-Function at around 360 nm.

Results and Discussion

ATF3 protein expression by WesternBlot

We compared protein expression of ATF3 by western blotting and immunofluorescence to
dSTORM measurements. Western blot analysis showed TGRL lipolysis product treatment
induced ATF3 protein expression (Fig 1) in HAEC treated with TGRL + LpL for 1, 2, and 3
h. ATF3 protein express ion was significantly increased at 3h.

Figure 2 presents the qualitative and quantitative results obtained by single-molecule
localization experiments as described in the methods section. A and B show a direct
comparison between an untreated cell and one cell treated with lipolysis products for three
hours. In A there is no significant fluorescence signal in the nucleus (signal above 30% of
maximum intensity) present, indicating only very low concentration of ATF3. A certain
amount of false-positive bound antibodies contribute to the signal due to their intrinsic non-
specificity. ATF3 molecules are always present in the nucleus and we count 14,027+ 1,435
localizations in the nucleus of control cells. A low stress level of growing cell s in culture
also can contribute to the expression of the ATF3 mole cules in the nucleus of untreated
cells. A reason for this can be found in slight temperature variations and the fixation step
itself. Single-molecule signals surrounding the nucleus can be accounted for by non-specific
binding of the antibody and baseline levels of ATF3 molecules present in the cytoplasm.
The reaction to lipolysis products of a treated cell after three hours is shown in Fig. 2B.
ATF3 concentration increased significantly to 33,090+3,491 single-molecules after
subtraction of the number of localizations detected in the media control (Fig. 2A). We
approximate the up-regulation in the total number of ATF3 molecules to be ~2.5 fold. The e
ntire time series suggests a linear increase of the number of localizations of antibody-labeled
ATF3 molecules up to three hours. Assuming a linear expression of ATF3 with time for the
first three hours, we extracted an expression rate of (3445 + 471) molecules in the nucleus as
Fig. 2C depicts. In Fig. 1C The linear approximation for the first three hours has its y-
intercept at about 14,474 + 350 molecules, which nicely matches the measured number of
molecules fo r an untreated cell. Therefore, this parameter works as a good approximation
for the media control. We estimated the relative deviation A=1mtioer (03 from the
measurement to be roughly 3%. This demonstrates that the increase in ATF3 expression
follows a linear trend up to three hours. Although the number of labelled epitopes found in
the nucleus slightly overestimates the actual number of ATF3 molecules the extraction of an
expression rate can be easily justified. As biological reference methods (western blot) also
nicely show a linear increase we can be sure of the trend. Additionally, an overestimated
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number of molecules only affects the position (y-intercept) of the linear function but not its
slope.

(FWHM=Full Width Half Maximum) obtained from A along the yellow cross sections.
Zoom-in squares located below A and B magnify highlighted areas to point-out structural
changes in the F-actin network.

A direct comparison of F-actin networks around the cell nucleus of a lipolysis product-
treated cell and a corresponding media control is shown in Fig. 3. Our previous study
showed that TGRL lipolysis products alter the actin cytoskeleton to form stress fibers and
activate the apoptotic cascade?!. We applied fluorescence superresolution to resolve the
structural response of HAEC cells to lipotoxic stress after a three-hour incubation with li
polysis products. Fig. A and B compares an unperturbed network of F-actin filaments of
HAEC cells in conventional fluorescence microscopy with superresolved as well as contrast-
enhanced imaging. We observe long linear structures in the media-treated ¢ ase (Fig 3A) as
expected. Upon treatment with lipolysis produc ts the cells exhibit interrupted filaments as
shown in Fig. 3B. Only relatively small filaments of (363.2 + 31.3) nm length are present.
The quantified resolution in terms of the FWHM (Full Width at Half Maximum) can be
extracted from C corresponding to the yellow cross-sections depicted in A. We show a ~3-
fold increase in localization precision compared to conventional widefield fluoresc ence
microscopy. The split-view (Fig. 3A and B) directly show that fine structures can be
resolved with great detail with subdiffracti on resolution. Subsequently after treatment with
lipolysis product s the cells react with structural changes in their F-actin network, which
cannot directly be seen in diffraction-limited microscopy. As the molecular PSF largely
overlap (Fig.4), no obvious difference from media-only cells is evident. On increasing the
level o f detail with dSTORM, there is a clear change in structure to fragmented filaments
forming clumps of F-actin. (Fig 3B).

cluster analysis of ATF3

In both samples, treated and media, we found a maximum of the K-Function around 30 nm
accounting for unspecific binding of the antibody used for immunostaining (Fig. 5 C and F).
In the case of a treated HAEC our analysis reveal s three distinct secondary maximaatr =
(270 £ 22) nm, r = (360 £ 40) nm and r = (525 % 32) nm where major clustering occurs
(Figure 4F (inset)). This finding nicely matches the sizes of the clusters shown and labeled
with a red dot in the i nsets (i and ii) of Fig.4E. Inset (ii) of Fig. 5E depicts the blue cross
section along one cluster in the digitally magnified image (i). The example aggregate shown
in E (ii) can be assigned to the set of clusters predicted by the normalized K-Function at
around 360 nm.

As the clusters found in treated cells show sizes that are larger than the diffraction limit,
theoretically they should already be visible in the widefield image. A closer look at Fig. 5D
(blue arrows) reveals large white spots corresponding to the clusters determined. Of course
in a diffraction-limited image the spots appear blurred and cannot be differentiated very well
from the rest of the labelled area. A few bright clusters are highlighted by blue arrows.
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Although the untreated cells show a certain amount of localizations due to false-positive
binding of the antibodies and a small number of ATF3 molecules expressed, no larger
aggregates could be identified (Fig. 5C). for randomly distributed localizations (C and F).
The lipolysis product-treated sample (D) shows significant deviations from a homogeneous
distribution of ATF3 in the nucleus (F) at distances larger than 30nm (maximum). Atr =
270nm, r = 360nm and r = 525nm, the spatial distribution displays maxima cluster-sizes that
visually show up as dense discrete clusters in E (i). Red spots highlight examples of these
aggre gates. The cross-section indicated by the blue line in E (i) over one arbitrarily chosen
cluster is shown in E (ii). The width was determined to be ~330 nm.

Summary and conclusions

In our experiments we were able to demonstrate how HAEC respond to treatment with
TGRL lipolysis product-induced lipotoxic injury at the nanoscale. We observed a linear
increase of lipolysis product-induced nuclear ATF3 expression for three hours at a rate of
increase of ~3,500 single-molecule localizations per hour at the single-molecule level using
dSTORM as a localization-based microscopy method. After three hours of incubation with
TGRL lipolysis products, we detected over 30,000 immunostained ATF3 localizations
(labelled epitopes) in the nucleus. Additionally, we were able to confirm our single-
molecule experiments with results of standard western blotting techniques. We also used
single-molecule identification to better characterize the previously described remodeling of
the actin cytoskele ton in stress fiber formation. We demonstrate remodeling of the pe
rinuclear f-actin network towards formation of short fragments and clumps of actin after
treatment with TGRL lipolysis products. We determined the F-actin fragments to be (363.2
+ 31.3) nmin length on average with the improved resolution afforded by dSTORM images
compared to conventional widefield microscopy. By using subdiffraction single-molecule
localization microscopy, we also were able to perform a quantitative cluster analysis. We
identified three distinct cluster sizes of ATF3 molecules ranging from 270 nm to 525 nm
inside the nucleus of a lipid-treated cell as a reaction to lipotoxicity. Therefore on average
we observe small and dense clusters of about 384 nm in diameter. For the first time, we
succeeded in visualizing clusters of ATF3 molecules enabling us to further investigate new
pathways induced by ATF3 multimers. The biologi ¢ consequences of these clusters remain
to be determined. The y may either represent sites of transcription complexes at promoter
regions of DNA or alternatively aggregates of transcription factors sequestered by ATF3
splice variants 31.

Here we demonstrate dASTORM microscopy as a technique maturing from a proof-of-
principle technique to a usable tool to effectively and sensitively study processes that are not
yet fully understood. We conclude that fluorescence superresolution microscopy has the
ability to extend previous cell bio logic reveal and quantify at least three molecular
mechanisms ass ociated with treatment of TGRL lipolysis products: generates much larger
nuclear ATF3 aggregates than has previously been reported and these macroaggregates
initiate the lipotoxic response.
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Figure 1. ATF3 protein expression after TGRL lipolysis productstreatments by Western
blotting

Human aortic endothelial cells were exposed to media (M) or TGRL lipolysis products (TL)
for 1 h (TL-1), 2h (TL-2), or 3h (TL-3). Cell lysates were analyzed by Western blotting (A)
and (B) densitometry. n=3, * P<0.05, TL compared with M, #P<0.05, TL-3 compared with

TL-1.
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Figure 2.
Immunostained ATF3 in HAEC cells. A shows the comparison between a conventional

widefield image and the dSTORM reconstruction using quickPALM of an untreated cell in
media. B. Represents a side-by-side view of the single-molecule reconstruction and the
conventional fluorescence image of a cell treated with lipolysis products for three hours. C.
Depicts a time series of treatments from one to three hours. The number of labelled epitopes
is plotted as a function of incubation time. Error bars represent standard errors at a sample
size of five cells. The blue dashed line is a linear approximation serving as a guide for the
eye. Red dotted lines represent the standard error interval around the number of localizations
detected in the nucleus of the media cell shown in A.
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Figure 3.
A and B show a side-by-side comparison of a conventional fluorescence image and a

dSTORM reconstruction of immunostained F-actin filaments in HAEC cells. A. Depicts the
control case, whereas B monitors a treated cell. C represents a direct quantification of the
determined resolution (localization precision)
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Fig. 4.
Quantitative cluster analysis of dASTORM measurements at 30 nanometers per pixel using

Ripley's K-function. The control cell shown in A (widefield image) B (ASTORM
reconstruction exhibitis a maximum of the normalized K-Function at a cluster size of
r=30nm (C) which accounts for non-specific binding of the antibody staining. The dashed-
dotted line indicates the K-Function for randomly distributed localizations (C and F). The
lipolysis product-treated sample (D) shows significant deviations from a homogeneous
distribution of ATF3 in the nucleus (F) at distances larger than 30nm (maximum). At r =
270nm, r = 360nm and r = 525nm, the spatial distribution displays maxima cluster-sizes that
visually show up as dense discrete clusters in E (i). Red spots highlight examples of these
aggregates. The cross-section indicated by the blue line in E (i) over one arbitrarily chosen
cluseter is shown in E (ii). The width was determined to be ~330 nm.
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