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142 20 Praha 4 - Krč
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JCB: Comment

Recent letters and editorials have highlighted the importance of 

open access to the large datasets now being collected by biolo-

gists in laboratories around the world (COSEPUP, 2009; Field 

et al., 2009; Schooeld et al., 2009). Researchers, universities, 

and funding bodies all agree that scientioc data produced from 

public- and charity-funded research (not just the results, but com-

plete worknows including raw data) should be shared and ac-

cessible. The arguments in favor of open access data are now 

well established, and protocols and principles for data sharing 

are emerging (http://sciencecommons.org/projects/publishing/

open-access-data-protocol). However, access to and sharing of 

scientioc data require substantial effort and investment to deone 

speciocations and build resources to support them. For the suc-

cessful sharing of DNA sequence data, the genome communi-

ties built, maintained, and in some cases fought for the standards 

and resources that were ultimately accepted by the whole com-

munity. This effort laid the foundation for the release of ge-

nomic data and the development of online resources, accessible 

by anyone, for any purpose, that now underpin all modern bio-

medical research.

Data sharing is important in the biological sciences to 
prevent duplication of effort, to promote scientific integ-
rity, and to facilitate and disseminate scientific discovery. 
Sharing requires centralized repositories, and submission 
to and utility of these resources require common data for-
mats. This is particularly challenging for multidimensional 
microscopy image data, which are acquired from a vari-
ety of platforms with a myriad of proprietary file formats 
(PFFs). In this paper, we describe an open standard format 
that we have developed for microscopy image data. We 
call on the community to use open image data standards 
and to insist that all imaging platforms support these file 
formats. This will build the foundation for an open image 
data repository.

Correspondence to Kevin W. Eliceiri: eliceiri@wisc.edu; or Jason R. Swedlow: 
jason@lifesci.dundee.ac.uk

We believe the imaging community can achieve the same 

success for digital image data. In this paper, we review the current 

status of online biological image repositories and provide a set 

of recommendations to drive the use of open standardized data 

formats in biological microscopy as a prerequisite for creating a 

global image data repository.

Scientific image data repositories for the 

life sciences

In December 2008, the Journal of Cell Biology (JCB) launched 

the JCB DataViewer, an online repository for original image 

data in the life sciences (Fig. 1). To our knowledge, this system 

is the orst open repository that enables routine archiving and 

sharing of original image datasets supporting published sci-

entioc articles. One key attribute of the JCB DataViewer that 

distinguishes it from past and current data repositories is that 

the original binary data and metadata, additional information cap-

tured by acquisition software about an image, such as the in-

struments used, acquisition settings, image size, and resolution, 

are preserved and accessible by the community. As of this writ-

ing, the JCB DataViewer contains 6,446 multidimensional (5D; 

including space, channel, and time) images in support of 186 

published articles. The JCB DataViewer is a customized appli-

cation based on the open source and open development Open 

Microscopy Environment (OME) Remote Objects (OMERO) 

and Bio-Formats projects, released by the OME Consortium 

(http://openmicroscopy.org).

One goal of the JCB DataViewer was to initiate the devel-

opment of a functional, scientiocally valuable online image 

repository. The orst step was to make original data available 

alongside a publication, available for examination by reviewers 

and readers of a submitted or published manuscript. Currently, 

the JCB DataViewer allows access to original data for viewing, 

simple measurement, and review, but users cannot download 
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Resolution

Ability to record and reproduce details of certain size



Human eye resolution

1-2/60 degree

Reading distance

≈ d = 25 - 30 cm

Smallest
resolvable detail

≈ 80 - 160 µm

Human eye resolution

1-2/60 degree

Reading distance

≈ d = 25 - 30 cm

Smallest
resolvable detail

≈ 80 - 160 µm

Resolution

Ability to record and reproduce details of certain size

For raster images printing: 300 dpi is needed (at least)

300dpi = 300 dots per 1 inch ≈ 12 dots per 1 mm
dot size: ≈ 0.085 mm = 85 µm

Human eye resolution

1-2/60 degree

Reading distance

≈ d = 25 - 30 cm

Smallest
resolvable detail

≈ 80 - 160 µm

The original image of the illusion

The squares marked A and B are the same shade of
gray, yet they appear diûerent.

The original image plus two stripes

By joining the squares marked A and B with two vertical
stripes of the same shade of gray, it becomes apparent

that both squares are the same.
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Hardware calibration - what can user do

Setting up the imaging properties - LCD vs. CRT

Software obtained with the monitor

Commercial software

Calibration tools included in application software

Open source, Test pattern: freely available, homemade

Photo Friday Monitor calibration - on-line tool

Monitor calibration - basic setting

Setting of white point - 5500K, 6500K (D65), 9300K

Setting of contrast and brightness (Black level)

Setting of gamma level
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Č
R
;
h
tt
p
s:
/
/
m
b
u
ca
s.
cz

O
u
r
la
b

te
st

p
at
te
rn

fo
r
la
se
r
p
ri
n
te
r



Hardware calibration - setting the gamma

Gamma

Describes the nonlinear relationship between the pixel levels in your computer and the
luminance of your monitor - WEB links:

Norman Koren PHOTOGRAPHY
ePaperPress
Wikipedia - Gamma correction
EIZO monitor test

Hardware calibration - setting the gamma

Gamma

Describes the nonlinear relationship between the pixel levels in your computer and the
luminance of your monitor - WEB links:

Norman Koren PHOTOGRAPHY
ePaperPress
Wikipedia - Gamma correction
EIZO monitor test

Gamma (γ)

An ideal case

L = B + x .C

Real world

L = B + xγ .C

L = luminace of imaging point

B = brightness of the monitor screen (black level)

C = contrast of monitor screen

x = signal from graphic card normalized to 1; For 8-bits monitor (range
0-255): x = (signal value)/255

David Creamer:
Understanding Resolution

and the meaning of DPI, PPI, SPI, & LPI. (2012)

DPI = Dots per inch = Units used to measure the
resolution of a printer.

LPI = Lines per inch = The offset printing ’lines’ or
dots per inch in a halftone or line screen.

PPI = Pixels per inch = the number of pixels per
inch in screen/scanner file terms.

Creamer, David; Understanding Resolution and the meaning of DPI, PPI, SPI, & LPI, 2012; http://ideastraining.com/PDFs/UnderstandingResolution.pdf

Digital image size: pixels, DPI, resolution, etc.
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protruding out of the edge of some ghosts were also
observed (Fig. 4E, indicated by asterisks). While the
membraneprojections appear to correspond to thepro-
jections observed by SEM (Fig. 1), the globular mem-
brane protrusions (Figs. 4C and 4D) likely represent
different structures, since they have an apparently
more compact structure than membrane projections.
When the distribution of CyaA molecules was exam-
ined in theerythrocytemembranes, noCyaA molecules
could bevisualized by negativestaining in high-magni-
ûcation images (data not shown), therefore, immuno-
detection of CyaA was performed. Sheep erythrocytes
were treated in the presence or absence of Ca2þ with
CyaA-232/FLAG possessing an inserted FLAG epitope

TABLE 1. Speciûcactivities of thetoxins on sheep erythrocytes

Protein
SpeciûcAC

activityb (U/mg)

%Activity of wild-typeCyaAa

Bindingactivityc Cell-invasiveactivityd Hemolyticactivitye

CyaA 357 1006 10 1006 15 1006 8
CyaA-AC f <0.01 nd nd 1006 11
CyaA-E581Kg 334 726 5 156 5 3206 11

aTheactivities expressed as percentages of wild-typeCyaA activity and represent averagevalues 6 standard deviations (n ¼6) fromat least three independent deter-
minations performed in duplicate.
bSpeciûcAC (adenylatecyclase) activity wasmeasured by theassay of adenylate cyclaseenzymeactivity. Oneunit (U) of AC activity corresponds to the formation of
1 l mol of cAMP formedper min at 308C andat pH 8.0.
cSheep erythrocytes (5 3 108/mL) were incubated at 378C with 1U/mL of puriûed CyaA proteins and, after 30min, aliquots were taken for determination of thecell-
associatedAC activity by theassay for adenylatecyclaseactivity. nd, not detectableduetoablatedenzymaticadenylatecyclaseactivity.
dInvasive activity was determined as the capacity of CyaA to penetrate cells and raise the intracellular cAMP levels in sheep erythrocytes upon incubation with
1U/mL of intact CyaA or its derivates for 30min at 378C.
eThehemolyticactivity wasmeasured photometrically at 541nm, as theamount of hemoglobin released after 270min of incubation of the toxin (5 l g/mL) with sheep
erythrocytes (Iwaki et al., 1995).
fCyaA-AC , CyaA toxoid in which the enzymatic activity was ablated by a CysThr dipeptide insertion between residues Asp188 and Ile198 of the ATP binding site
within theAC catalyticdomain (Osicka et al., 2000).
gTheCyaA-E581K mutant was constructedand characterizedby Basler et al. (submitted).

Fig. 3. Morphological changes of sheep erythrocytes are induced
by hemolytic (channel-forming) activity of CyaA. A: An example of
an untreated control erythrocyte. B: An example of a sheep erythro-
cyte after treatment with enzymatically inactive CyaA-AC toxoid
(25 l g/mL, 30min, 378C). C: An example of a sheep erythrocyte after
treatment with wt CyaA (25 l g/mL, 30 min, 378C). D: Morphology of
sheep erythrocytes after treatment with the superhemolytic mutant
protein CyaA-E581K (25 l g/mL, 30 min, 378C). Erythrocytes were
incubated in the presence of 2 mM Ca2þ . Scanning electron micro-
graphs. Theexperiment was repeated twicewith thesameresult.

Fig. 4. TEM of CyaA-induced erythrocyte ghosts. A: Electron
micrograph of a negatively stained ghost of control sheep erythrocyte
repeatedly (33 ) treated with CyaA (25 l g/mL, 30 min, 378C) in the
presence of EDTA. B: Enlarged section of the erythrocyte membrane
shown in A. C: An example of erythrocyte repeatedly (33 ) treated
with CyaA (25 l g/mL, 30 min, 378C) in the presence of Ca2þ . D:
Enlarged section of the erythrocyte membrane shown in C. Arrows
indicate globular membrane protrusions. E: Example of the ghost
membrane of an erythrocyte treated with CyaA in the presence of
Ca2þ as indicated earlier. Asterisks indicate membrane projections
protrudingat theedgeof theghost.

123CyaA-INDUCED CHANGES OF ERYTHROCYTES

in the adenylate cyclase domain (El-Azami-El-Idrissi
et al., 2003) and upon thorough washing-out of un-
bound toxin molecules, the membrane-inserted CyaA
moleculeswere labeledwith a speciûcmouseanti-FLAG
antibody and antimouse IgG coupled to 5 nm gold par-
ticles. As shown in Figure 5, no gold particles were
detected on control erythrocyte membranes (Fig. 5A),
while in the membrane of erythrocytes treated with
the toxin in the presence of Ca2þ , the gold particles,
decorating the CyaA molecules, were distributed in
clusters (Fig. 5B, indicated by arrows). Moreover, some
clusters of gold particles were also found in membrane
structures that appeared dark in unstained specimens
(Fig. 5B) and likely representeddamagedareas of eryth-
rocytemembranes.

Clusters of CyaA Molecules in Erythrocyte
Membranes Appear to Have a

Uniform Stoichiometry

Clustered distribution of CyaA molecules in sheep
erythrocytemembranes was further examined by indi-
rect immunoûuorescence microscopy. Sheep erythro-
cytes were treated with CyaA-232/FLAG and bound
CyaA molecules were immunolabeled with speciûc
mouse anti-FLAG antibodies that were subsequently
decoratedby antimouseIgG-FITC. As shown in Figure6,
in contrast to control erythrocytes that were treated
with CyaA-232/FLAG in the presence of 5 mM EDTA

and exhibited no ûuorescence (Fig. 6A), the erythro-
cytes treated with CyaA-232/FLAG in the presence of
2 mM Ca2þ exhibited a 88spotty99 ûuorescence pattern
(Fig. 6B) indicating a clustered distribution of CyaA.
However, it was shown previously that clustered distri-
bution of membrane proteins observed by an indirect
immunoûuorescence microscopy may result from an
antibody-induced patching (Santoso et al., 1986). There-
fore, prior to labeling, erythrocytes wereûxedwith glu-
taraldehyde and then immunolabeling was applied in
the same way as described earlier. Again, no ûuores-
cence was observed on control erythrocytes that were
treated with CyaA-232/FLAG in the presence of 5 mM
EDTA (Fig. 6C), while the spotty ûuorescence pattern
was observed also on erythrocytes treated with CyaA-
232/FLAG in thepresenceof 2mM Ca2þ andûxedprior
to labeling (Fig. 6D). Moreover, the spotty distribution
of CyaA in themembranewas also observed when the
erythrocytes were treated with CyaA at 48C (data not
shown). Altogether, these results demonstrate that
CyaA molecules formed clusters in the erythrocyte
membrane and that CyaA clustering was not induced
by an antibody-inducedpatching.
Next, we studied the formation and size of CyaA

spots in erythrocytemembraneover thetimeof incuba-
tion with toxin. Sheep erythrocytes were incubated
with CyaA-232/FLAG at 378C for 0, 10, 20, and 30min
in thepresenceEDTA or Ca2þ and theamount of bound

Fig. 5. CyaA molecules are distributed in clusters in the erythro-
cytemembraneA: Negativecontrol of immunodetection. Sheep eryth-
rocytes were treated with CyaA-232/FLAG (80 l g/mL, 30 min, 378C)
in the presence of EDTA and immunolabeled with anti-FLAG anti-
body and IgG-5 nm gold particles. Unstained sample. B: Indirect

immunodetection of CyaA in erythrocyte membrane. Sheep erythro-
cytes were treated with CyaA-232/FLAG (80 l g/mL, 30min, 378C) in
thepresence of Ca2þ and immunolabeled as described earlier. Arrows
indicate clusters of gold particles. Unstained sample. Theexperiment
was repeated twicewith thesameresult.

124 J . VOJ TOVÁ ET AL.

Scientific journal

Text area dimensions

1/2 printed column

≈ 42.5 mm

One printed column

≈ 85 mm

Two printed columns

≈ 180 mm
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In Scanning Electron Microscopy

when one have to analyze non-flat samples, the most of the biological ones, it is hard to measure
size of a specific surface feature by a simple linear approximation of pixel size or magnification.

TEM1 TEM2 SEM

Magnification Pixel size [nm] Magnification Pixel size [nm] Magnification Pixel size [nm]

3400 14.064 1000 15.48 1000 269.79
4600 10.395 1200 12.225 1200 224.83
5800 8.244 1500 10.101 1500 179.86
7900 6.248 2000 8.696 2000 134.9
10500 4.807 2500 6.826 3500 77.08
13500 3.733 3000 5.747 5000 53.96
19000 2.648 4000 4.283 6500 41.51
34000 1.466 5000 3.448 8000 32.72
46000 1.070 6000 2.817 10000 26.98
64000 0.780 8000 2.105 12000 22.48
92000 0.549 10000 1.718 15000 17.99
130000 0.391 12000 1.437 20000 13.49
245000 0.209 15000 1.139 25000 10.79
340000 0.151 20000 0.855 35000 7.71
450000 0.114 25000 0.722 50000 5.4

30000 0.608 65000 4.15
40000 0.442 80000 3.37
50000 0.348 100000 2.7
60000 0.283
80000 0.204
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Image recording in electron microscopy

Human eye and Visual perception

An introduction: What to do with our hardware?

Digital image size: pixels, DPI, resolution, etc.

Digital image resolution: spatial vs. lateral

Scalebars, Arrows and Lettering

Image Handling and Manipulation - What is Allowed?

What next? - ChatGPT and Artificial intelligence (AI)

Are colors necessary in EM?

Color in scanning electron microscopy – Does it matter?

What is an anaglyph?
Human binocular vision - stereopsis
Stereo pairs
Stereo pairs in SEM
Stereo pairs: A toy or serious tool in scientific imaging?
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Digital Images and Misconduct

Digital Images and Misconduct

The Rockefeller University Press has established 4
basic guidelines

– No specific feature within an image may be enhanced,
obscured, moved, removed, or introduced.

– Adjustments of brightness, contrast, or color balance
are acceptable if they are applied to the whole image
and as long as they do not obscure, eliminate, or
misrepresent any information present in the original.

– The grouping of images from different parts of the
same gel, or from different gels, fields, or exposures
must be made explicit by the arrangement of the
figure (e.g., dividing lines) and in the text of the
figure legend.

– If the original data cannot be produced by an au-
thor when asked to provide it, acceptance of the
manuscript may be revoked.

Credits: Beck, T. S., 2016. Shaping Images. De Gruyter, doi:10.1515/9783110477092; https://www.councilscienceeditors.org/resource-library/editorial-policies/white-paper-on-publication-ethics/3-4-digital-images-and-misconduct/ C
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If the gamma adjustment is performed on the image by software, it leads to information loss.

Image rotation Lossless vs. Lossy
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Scientific palettes ggsci: npg, aaas, brewer1 https://nanx.me/ggsci/articles/ggsci.html
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Scico palettes: berlin, oslo, grayC https://www.data-imaginist.com/2018/scico-and-the-colour-conundrum/
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An overview of all Scico palettes https://github.com/thomasp85/scico

acton bamako batlow berlin bilbao

broc brocO buda cork corkO

davos devon grayC hawaii imola

lajolla lapaz lisbon nuuk oleron

oslo roma romaO tofino tokyo

turku vik vikO
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Butterfly wing scale Bacillus subtilis

Lysing Bacillus subtilis cells Soil biofilm
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