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Abstract. Molecular distribution in mammalian cells was studied by soft X-ray scanning 
transmission microscopy with respect to the quantitative aspect of analysis. NEXAFS profiles 
at the C, N and O K-absorption edges were combined and used for the analysis. For the 
estimation of quantity for nucleic acids and proteins, NEXAFS profiles of DNA and bovine 
serum albumin (BSA) at the N K-absorption edge were applied assuming that those were their 
representatives. The method has a potential to explore the other molecular components than 
nucleic acids and proteins. 

1.  Introduction 
Scanning transmission X-ray microscope (STXM) has been established and used in a wide area of 
science. In a biological field, distribution of DNA in a bean chromosome [1] and a bull sperm [2] has 
been imaged by the spectromicroscopy. In addition, quantitative approach has been developed for the 
analysis of molecules and elements in biological specimens such as microbial biofilms [3], quinoa [4] 
and bacterial endospores [5] using STXM. For the quantitative analysis of molecular distribution of 
DNA and proteins, near edge X-ray absorption fine structure (NEXAFS) at carbon K-absorption edge 
has been applied. We have proposed that NEXAFS at the N K-absorption edge has a merit of clear 
separation between DNA and proteins in addition to the exclusion of biomolecules containing no N [6].  

2.  Materials and methods 
Cultured CHO cells at interphase were collected, fixed with ethanol-acetic acid (3:1) solution or 
glutaraldehyde (2.5% in 0.075M KCl) and dropped on the commercially available formvar membrane 
(#10-1008, Okenshoji. Japan). The cells and molecules such as DNA and bovine serum albumin 
(BSA; protein) were observed with scanning transmission X-ray microscope (STXM) installed at 
BL4U, UVSOR-III, Okazaki, Japan. The results were analyzed using the aXis2000 program. For 
quantitative analysis, we use NEXAFS spectra of DNA and BSA at the N K-absorption edge, since 
nucleic acids and proteins are major components of cells containing nitrogen and were clearly 
separated at 1s-π* transition.  

Calculation has been made as follows: At the first step, each spectrum of image, DNA or BSA at 
the C, N and O K-absorption edges was combined to form one absorption spectrum covering the 

http://creativecommons.org/licenses/by/3.0


2

1234567890

X-Ray Microscopy Conference 2016 (XRM 2016)  IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 849 (2017) 012003  doi :10.1088/1742-6596/849/1/012003

 
 
 
 
 
 

energy r
named a
differenc
and nam
spect2. B
eV and 3
was subt
were con
rescaled 
differenc

3.  Resu

3.1.  NEX
Figure 1
BSA at 
were ref
[8]. NEX
shows a 
399.6 eV
1s to π*
should b
same typ
of DNA
amide is
BSA is f

3.2.  Ima
Figure 2
and RGB
ethanol-a
STXM. 
absorptio
area by 

Figure 2
RGB ma
acetic ac
maps (c,
protein, 

a 

c 

range from th
as spect1. D
ce between O

med as DNA
BSA spectru
398 eV (the 
tracted from
nverted to m
so that the d

ce and set to 

lts and Disc

XAFS of DN
1 shows the 
the C, N an

ferred to the p
XAFS of DN
peak of 1s t

V, which is c
 transition o
be noted tha
pe of N=C b

A correspond
s common in
for proteins. 

ages of CHO
2 shows the o
B maps for i
acetic acid o
The spect3 w
on spectrum
the method 

2. Optical d
aps (c,d) of 
cid (a,c) and
,d), red, gree
and spect3, r

he C K-abso
DNA spectrum
ODs at 399.6

Aspect. DNA
um was adjus

peak and th
m spect2 resu
mass absorptio
difference of
be the same

cussion 

NA and BSA 
NEXAFS pr

nd O K-abso
papers for DN
NA at the N
to π* transit
clearly separ
of amide at 4
at DNA and
bond, hence 
ds to nucleic
n proteins, so

O cells  
optical densit
nterphase ce
or glutaralde
was estimate

m (spect1) o
shown in se

density imag
CHO cells 

d glutaraldeh
en and blue a
respectively.

b 

d 

orption edge 
m was adju

6 eV and 398
Aspect was su
sted to spect2
he valley in B
ulting in a sp
on coefficien
f maximum l
at the left en

rofiles of DN
rption edges
NA [7] and p

N K-absorptio
ion of N=C 

rated from a 
401.4 eV in 
d RNA inclu
the present a

c acids. In a
o that the ana

ty images at 
ells fixed wit
ehyde obtain
ed from the 
f a whole i

ection 2. RG

ges (a,b) an
fixed with e

hyde (b,d). I
are for nucle
 Bar, 2 μm.

to O K-abso
usted to spec
8 eV (the pea
ubtracted fro
2 so that it f
BSA NEXA

pectrum nam
nt. For comp
level and min
nd of the ene

NA and 
s. Peaks 
proteins 
on edge 
bond at 
peak of 
BSA. It 
ude the 
analysis 

addition, 
alysis of 

285 eV 
th either 

ned with 
average 
imaging 

GB maps 

nd their 
ethanol-
In RGB 
eic acid, 

Fi
(s
an

orption edge
ct1 so that i
ak and the va
om spect1 re
fited the OD 
AFS) of spect
med as spect3
parison of the
nimum level

ergy. 

igure 1. Mas
solid line) an
nd O K-abso

e. Combined 
t fitted the 

alley in DNA
esulting in a
difference b
t2 and name
3. ODs in DN
e profile of e
l was adjuste

ss absorption
nd BSA (dot
rption edges

image spect
optical dens

A NEXAFS) 
a spectrum n
between ODs
ed as Prspect

DNAspect and
each spectru
ed to be the s

n coefficient 
tted line) at t
s. 

trum was 
sity (OD) 
of spect1 

named as 
s at 401.4 
t. Prspect 
d Prspect 
m, it was 
same OD 

of DNA 
the C, N 



3

1234567890

X-Ray Microscopy Conference 2016 (XRM 2016)  IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 849 (2017) 012003  doi :10.1088/1742-6596/849/1/012003

 
 
 
 
 
 

were ob
BSA, an

The r
ethanol-a
(figure 2
nucleic a
of DNA
reasonab
data for 
DNA an
selected 

3.3.  NEX
The NEX
chosen f
in figure
was not 

for comp
figure 3
and num
line), par
pink (bro
fixed wi
and g-pa
cells fixe

It is i
of each a
O K-abs
4). How
edge wh
among t
differenc
with eth
glutarald

 

Figure 
with 
glutaral
of 0 
(backgr
(blue) 
nucleol
The siz
each an

2 

a 

tained by th
nd OD of spe
results in fig
acetic acid a

2d), color is b
acids and pro

A and protein
ble feature. T

the cells fix
nd proteins a

for the purp

XAFS of loca
XAFS profil
for nucleus (
e 3. It should
adopted bec

parison. In 
 correspond

mber, i.e., p
rt2 for blue (
oken at long
ith ethanol-a
art3 for purp
ed with gluta
interesting to
area are quit
sorption edge
ever, the pro

hich may be a
the nucleic a
ce of the mo

hanol-acetic a
dehyde was m

3. Local are
ethanol-acet
ldehyde (b) 

(red) for 
round), 1 (g

for nucleu
lus, and 3 (
zes of the ar
nd b, 0.73μm

0 
1 

3 

he aXis2000 
ect3.  
gure 2 show d
and glutarald
blue meaning
oteins). The 
ns. In contra
The reason fo
xed with glu
t the present
ose of the an

al areas in C
les for the lo
1, green), nu
d be noted th
cause of the r

figure 4, ea
ds to the sam
part1 for gre
(broken line)
g distance) o
acetic acid (f
ple (dotted li
araldehyde (f
o note that th
te similar at 
es (right hal
ofiles of the s
applicable to
acids and pr
olecules. The
acid. In con
much higher 

eas in CHO c
tic acid 
for the analy

outside t
green) for n
us including
(pink) for c
reas were a, 

m2. 

b 

program wi

different RG
dehyde. In th
g that the ma
result is not 
ast, the resul
or this discre
utaraldehyde
t condition. T
nalysis, thoug

CHO cells 
ocal areas in 
ucleus contain
hat the areas 
reason menti

ch part in 
me colour 
een (solid 
), part3 for 
of the cells 
figure 3a), 
ine) of the 
figure 3b). 
he profiles 
the N and 
f in figure 
spectra from
o identify the
roteins. Left
e density is 

ntrast, the de
compared to

cells fixed 
(a), and 
ysis. Parts 
the cells 
nucleus, 2 
g mainly 
cytoplasm. 

2.25 μm2 

0 

3 

ith the mass

GB maps due
he center of 
ain compone
reasonable t
lt for the ce
epancy is att
e may not be
The results s
gh tomograp

CHO cells w
ning nucleol
 for region 1
ioned above.

m different po
e molecules 
t half in figu
low at cytop

ensity in cyto
o the cells fix

Figure 4. Sp
in a CHO 
area (figure
glutaraldehy
and O (bot
direct comp
for the resc

s absorption 

e to the differ
the cells (nu

ent was spect
to our knowl
ells fixed wi
ributable to
e sensitive e
suggested tha

phic sliced-im

were studied
lus (2, blue) 
1 and 2 in th
. Figure 4 sh

osition are no
other than nu
ure 4 reflect
plasm and h
oplasm (figu
xed with etha

pect1 of thre
cell fixed w

e 3b part3; g
yde for the s
ttom) K-abs
parison of o
aled spectra.

coefficient 

rence in the 
ucleus) fixed
t3 (residual c
edge that nu
th ethanol-a
the glutarald

enough to se
at fixatives o

mage will cle

d as the next 
and cytoplas

he cells fixed
hows the spec

ot the same a
ucleic acids 
ts the compa
igh at nucleu

ure3b, 3) for
anol-acetic a

ee local areas
with ethanol-
-part3) in a C

spectra at the
sorption edg
bserved spec
 

spectra of D

fixatives of 
d with glutar
component o

ucleus mainly
acetic acid sh
dehyde. The 
eparate the s
of the cells s
ear the proble

step. The ar
sm (3, pink) 
d with glutar
ct1 of each l

at the C K-ab
and proteins
arison of th
us for the ce
r the cells fi
acid.  

s (figure 3a p
-acetic acid 
CHO cell fix

e C (top), N 
ges. Left hal
ct1 and righ

DNA and 

the cells, 
raldehyde 
other than 
y consists 
hows the 
observed 
pectra of 

should be 
em. 

reas were 
as shown 
raldehyde 
local area 

bsorption 
s, or even 
e density 
ells fixed 
ixed with 

parts1-3) 
and one 
xed with 
(middle) 
lf shows 
ht half is 



4

1234567890

X-Ray Microscopy Conference 2016 (XRM 2016)  IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 849 (2017) 012003  doi :10.1088/1742-6596/849/1/012003

 
 
 
 
 
 

Table1
estimat
local ar

part 

1 
2 
3 

g-part

3.4.  NEX
Figure 5
molecule
compone
cells for 
differenc
small sh
presence
peak clo
peak. 

With 
and Prsp
proteins 
(Table1)
were alm
areas in 
acid in a
fixed wi
species 
DNA for

In co
edges sh

Referen
[1] A
[2] Zh
[3] La

[4] Y
[5] Ja

[6] Sh

[7] Ku

[8] St

. Ratio of nu
ted from DN
reas in CHO 

nucleic 
acids(N)

μ
6.7
10.

5.
t3 11.

XAFS of spe
 shows the s
es other than
ents in the c
the distribut

ce in the NE
hift of the p
e of compo
ose to the 

the present
pect, the amo

at the loca
). The ratio o
most the sam

the cells fi
addition to th
ith glutaralde

should be 
r nucleus and

nclusion, qu
howed that th

nces 
de H, Zhang
hang X, Balh
awrence J R,

P 2003 App
angquanwei 

amroskovic J
Lett. 355 1

hinohara K,
(Berlin/Hei

ummer K, V
Molodtsov 

tewart-Ornst
Hancock R
and Zharni

ucleic acids p
NAspect and 

cells shown

) Proteins(P

μg/cm2 
71 33
.3 48
.5 23
.1 57

ct3 for local
spect3 of eac
n nucleic aci
cells. Figure 
tion of molec

EXAFS was 
peak for pro
onent(s) wh
C=O amide

t results for
ount of nucle
al areas wer
of nucleic ac

me regardless
ixed with et
he cytoplasm
ehyde, thoug

different, i
d RNA for cy

uantitative an
he ratios of n

g X, Cameron
horn R, Mazr
, Swerhone G
plied Environ
Z, Neethiraj

J, Shao P P, 
88 
 Ito A and
idelberg: Spr

Vyalikh D V
S L 2010 J. 

ein J, Hitchc
R E W 2007 J

kov M 2008

per proteins 
Prspect for 
in figure 3. 

P) 
N/P 

3.1 0.20 
8.4 0.21 
3.5 0.23 
7.7 0.19 

l areas in CH
h local area 
ids and prote
5 suggests t

cules contain
observed. A
teins or the 
ich have a

e absorption 

r DNAspect
eic acids and 
re estimated
cids/proteins 

of the local 
hanol-acetic 

m of the cells 
gh molecular 
i.e., mainly
ytoplasm. 

nalysis using
ucleic acids

n S, Costello
rimas J and K
G D W, Lepp
nmental Mic
jan S and Ka
Suvorova E

d Kobayash
ringer-Verlag

V, Gavrila G
Phys. Chem

cock A P, Cr
J. Phys. Che
 J. Phys. Che

Figure 5
parts1-3)
and one 
fixed wi
(top), N
edges. L
spectra a

HO cells 
for comparis
eins. Therefo
that there is 
ning nitrogen

A sharp decre
e 
a 
n 

t 
d 
d 

 
l 
 
 

r 
y 

combined N
per proteins

o C, Kirz J an
Kirz J 1996 J
pard G G, Ar

crobiology 69
arunakaran C
E, Barak I an

hi K 1998 
g) p III-157

G, Preobrajen
m. B 114 9645
ruz D H, Hen
em. B 111 76
em. B 112 44

5. Spect3 o
) in a CHO c
area (figure 
ith glutarald

N (middle) 
Left half sh
and right half

son. The spe
ore, it should
not much d

n and oxygen
ease in the sp

NEXAFS pro
were the sam

nd Willoams 
J. Struct. Bio
raki T, Zhan
9 5543 

C 2013 Nanos
nd Bernier-L

X-Ray Micr

nski A B, Ki
5 
nklein P, Ov
691; Zubavic
478 

f three loca
ell fixed with
3b part3; g-p
ehyde for th
and O (bo

hows direct 
f is for the re

ct3 indicated
d be useful t

difference at 
n, but carbon
pectra may b

ofiles at C, N
me level in a

S 1992 Scie
ol. 116 335 
ng X, West M

scale Res. Le
atmani R 20

roscopy and

ick A, Bönsc

erhage J, Hil
chus Y, Shap

al areas (fi
h ethanol-ac
part3) in a C
he spectra a

ottom) K-ab
comparison

escaled spectr

d the spectru
to find the m
all the local

n, at which si
be caused by

N, and O K-ab
all the cell reg

ence 258 972

M M and Hitc

ett. 8 463 
014 FEMS M

d Spectromi

ch M, Merti

lpert K, Hale
porenko A, G

gure 3a 
etic acid 

CHO cell 
at the C 
bsorption 
n of the 
ra.

um for the 
molecular 
l areas in 
ignificant 
y either a 

bsorption 
gions. 

2 

chcock A 

Microbiol. 

icroscopy 

ig M and 

e J D and 
Grunze M 


