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ABSTRACT

Prepararive pel elecirophoresis of dow-
Bie-stranded DNA usually includes soining
the gel with echidinm bromide followed by
Iumimation wirk aliaviodes (UV-R) By,
fn thix report, DNA iselated from agarose
pels was found to e a poor subsirate for in
vitrey proanscription, trensformation of B, coli
amnad PCR. Inhubition was ned casesed by en-
¥ me-.l'n.rh'ﬁfﬂng J'm;m.rirr'\cw in the FrEr Tl
el bt was induced by a standard fransil-
lwminator fitted with 31 2-nm tubes. fnter-
estingly, i was passible 1o pratect the DNA
againgt UV damage by the additton of ewi-
dine or guanosine to the clectrophovesis
Iuiffer
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INTRODUCTION

Preparative agarose gel electrophor-
esis is a standard method 1o 1selate dou-
ble-stranded DNA fragments of defined
sizes, After electrophoresis in a hori-
zontal agarose gel and staining of the
DNA with the Auorescent dye ethidium
bromide, an agarose block containing
the fragment of interest is cut out while
the gel is illuminated with wltraviolet
(UW) light. Subseguently, the DMNA is
isolated from the agarcse block accord-
ing to one of the numerous protocols
that have been described in the past.

Unfortunately, difficulties in the
mampulation of DNA thus isolated
from agarose gels are common. For
example, after ligation of isolated frag-
menis into plasmid vectors, bacteria
have been transformed with low effi-
ciency. These difficulties are generally
believed 1o result from remaining
agarose impuritics (16,17,

This report documents an allemative
cause for the inhibition of DNA pro-
cessing. With three functional assays,
we demonstrated that DNA in an aga-
rose gel may suffer extensive damage
by radiation from a standard UV ran-
silluminator. To protect the DNA from
this detnment. a simple and effective
remedy has been devised that relies on
the addition of guanogine or cytidine to
the electrophoresis buffer.

MATERIALS AND METHODS
Materials

Mucleosides  (BioChemika  grade)
were from Fluka (Neu-Ulm, Germany ).

Agarose ( 15510-027 for the silica pro-
tocol; low-melting-point agarose 5517-
LIB for the HTAB protocol) was from
Life Technologies (Egeenstein, Ger-
many). All other chemicals were of
analytical grade,

A TF-20 M UY fluorescent table
(Vilber-Lourmat, Marne-la-Vallée,
France) was used, fimed with six 31 2-
nm tubes (T-15 M, 15 W each). Com-
parison was made with a TWM-20
Transilluminator (Ultraviolet Prodoects,
San Gabriel, CA, USA) housing four
31 2-nm lamps (Mo, 34004201) and a
Transilluminator 40000 (Stratagene,
Heidelberg, Germany) fitted with five
312-nm tubes (8 W each).

General Methods

Standard procedures and composi-
tion of TE, TAE and TBE buffers have
been described (16). Nucleic acids
were precipitated with ethanol in the
presence of 10 pg linear polvacryla-
mude a5 a carnier (4). Digital images of
agarose gels were processed with Pho-
toshop™ software (Adobe Systems,
Mountain View, CA, USA) All data
are given as mean + SEM, which were
calculated from at least three indepen-
dent evaluations for each condition.

Preparative Agarose Gel
Electrophoresis

Agarose (L85 was boiled in the re-
spective electrophoresis buffer and cast
i a height of 5 mm. For in vitro tran-
scription and electrofransformation, 1.0
pg per lane of plasmid pBleeOCTI,
linearized with Hindlll, was loaded
onto the agarose gel. pBlueOQCT] (4.8
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kb) is pBlueseript™ SK (-) (Stratagene)
containing the cDMNA of OCT1 (3), For
polymerase chain resction (PCR), a
sample containing 140 ng of a 1L.E5-kb
cDMNA was loaded, Electrophoresis wis
performed for 1 b at a field strength of
5 W/em with constant recirculanzation
of buffer from anode o cathode in a
conventional  submarine  chamber
(Mini-Sub® Cell; Bio-Rad, Minchen,
Germany ). After staining for 1) min
with 1 pg/ml. ethidium bromide in
electrophoresis  buffer, the gel was
placed on a UV table. The DMA was ir-
radiated for 45 s, during which an
agarose block containing the DNA was
cut out with a scalpel. Isolation from
the gel block was performed using ei-
ther the method of extraction with
hexadecyltrimethylammonivm  bro-
mide (HTAB protocol) (L1 or the ©1-
Aquick™ gel extraction kit (Qiagen,
Hilden, Germany), which basically
consists of dissolution of the gel with a
chaotropic salt and binding of DNA to
a silica matrix (silica protocol) (18).
The recovered DNA was precipitated
with ethanol and dissolved in TE
buffer.

In Vitro Transcription

Linearized plasmid (0.2 pp) was in-
cubated 2 h at 37°C in 40 mM tri-
ethanolamine-HCL, pH 7.5 {37°C), 1
mb each of ATP, CTF. GTP and UTF,
10 mM MgCl,, 5 mM dithiothreiiol
(DTT), 5 WmL inorganic pyrophos-
phatase from veast, 0.5 Uil BENese in-
hibttor from human placenta and 40 U
T3 RMNA polymerase in & final volume
of 25 ul. Afer extraction with phenol
and chioroform, and ethanol precipita-
tion, one-half of the product was dena-
tured with glyoxal in the presence of
ethidium bromide and analvzed on a
1% agarose gel as described (6), For
quantitation of full-length ranscript
synthesized with 40 pM UTP plus 0.02
uM [e-F2PUTP (110 Bofmol: Amer-
sham, Braunschweig, Germmuny ), the gel
was dried and snalyzed by radiolu-
minography with the BAS TOO0 sysiem
{Fuji Photo Film, Tokyo., Japan).

Electratransformation

Linearized plasmid (35 ng) was in-
cubated overnight at 16°C with 4 U T4
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Figure 1. DNA guality after preparative agarese gel ebectrophoresis as assayed by In vitro tran-
seriphinn, Shown are the Muorescent. denamred products of i vitm imnscriplon separsted sceonding o
size by agaruse gel electrophonsis. Excep for the untreaied controd in lane |, ihe femplate DNA wis -
lated from agarose gels as described in Muoterinks and Methods using TAE ns electrophoresis buffer ansd
employing the silica protocol. As indicated, template TINA was prepared with or without | mimdL
pamnasine in the electropharesis balfer, ethidium bromide staining and LIV irradiation. A wtal of G0 pg
(245, 5-kh RMA lndder {Life Technologies) was apphied 1o lane b
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DMA ligase in a volome of 10 L in the
buffer supplied by the manufacturer
(Fermenias, 51 Leon-Rot, Germany ).
After extraction with phenol and chlo-
roform and precipitation with ethanol,
nucleic acids were resuspended in 20
ul 0.5 TE. DNA solution (1 pl.) was
mixed with 20 pL of electrocompetent
E. coli DH5m cells and subjected to
electroporation as described (7). Ampi-
cillin-resistant colonies were scored

PCR

DMA recovered from agarose (160
pz) was amplified in 25 cycles (1 min
94°C, 2 min 59°C and 2 min at T2°%C] in
the buffer provided (Promega, Madi-
son, Wl USA) containing 0.2 mM
dNTPs, 2.3 mM MgCly, 2.5 U Tag
DA polymerase and two specific pn-
mers (33 and 27 hases long, respective-
Iy; 0.5 pM each) in o fnal volume of
100 pl. For analysis, one-fifth of the
product was loaded onto an agarse pel,

RESULTS

In pilot experiments, the guality of
DMNA was assessed by scoring colonies
on agar plates after recirculanzation of
linear plasmid DNA (2.7 or 4.8 kb) with
lignse and electroporation into £ coli
bacteriza, When the complete protocol of
preparative agarose gel electrophoresis
was followed, which consisted of elec-
trophoresis, staining with ethidiwm bro-
mide. cutting out an agarose block un-
der UV illumination and isolation of the
DNA from the block according 1o the
HTAR protocol, the efliciency of trans-
formation of the isolated DNA was re-
duced by 2 1o 3 orders of magnitude as
compared (o control DNA, By contrast,
the efficiency of transformation was not
decreased when the DNA was isolated
according to the HTAR protocol from
TAE buffer, with or without the addition
of an empty agarose block, cut from a
gel after electrophoresis  (data  not
shown). It was concluded that damage
or contarmination of DNA had cccurred
during electrophoresis or during stain-
ing with ethidium bromide followed by
LY illumination.

To differentiate between these steps,
twor identical samples of plasmid pBlue-
OCT1 linearized with HindIll were
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subjected (o electrophoresis on the same
agarose gel. Subsequently, the gel was
cut between the two lanes. One sample
wis stained with ethidium bromide and
cut out wnder UV illumination, while
the other was cut ot under room light
with the stained gel hall as a marker.
After isolation of the DNA from the
agarose blocks according to the silica
protocol, in vitro transcription with T3
RNA polyvmerase was performed. The
amount of full-length transcript, estims-
ted by gel electrophoresis, was expected
1o reflect the intactness of the 1solated
DNA. From the DNA isolated in the
conventional manner, hardly any full-
length RNA could be transeribed (Fig-
ure |, lane 2). By contrust, DNA that
had been subjected to identical elec-
frophoretic and isolation procedures,
but that had not been exposed o ethidi-
um bromide and UV irradiation. was as
good a template as untreated control
DMNA (cf. lanes 1 and 3). Staining with
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cthidium bromide alone did not affect
the imtactness of the DMNA (lane 4). In
fact, staining with ethidium bromide
had a small protective effect against LIV
irrachiation (cf. lancs 2 and 51,

The above resulis were not caused
by a peculiarity of our fuorescent LY
table, since similar damage of DNA
was ilso observed with two other trans-
illuminators from different manufaciur-
ers, designed for maximuom ootput st
312 nm (data not shown).

Interestingly, when the nucleoside
puanosine was added o the electiropho-
resis buffer at o final concentration of |
mmel/L, good protection against the
DMA damage indoced by subsequent
UY wrradiation was observed iFigure 1,
lane 6). Quantitation by use of [o-
ZPIUTPE and radiolumincgraphy re-
vedaled an increase in yield of full-
length transeript by a factor of about
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Figure 2. Effect ol addition of nucleosides 1o
the electrophoresis buffer on the efficlency of
i vitro transcripiion and transformation. Ag-
arose gel elecmophoresis of DNA was performed
witl TAE buffer (TAE) with o wathout the adds-
tion of pdenosine (A, oytidine (), plumwim
(G ard uridine (L), each at | mmolL, as inds-
caled. DNA was then isolnled from the aparase
gels employing ethidiom bromade stainng, LY
irmaclintion and the silica protoeel, T assess the
efficiency of in vitro transcription of the isolated
DA, radinlabeled, fall-lenpth transcnpd was
quandificd as described in Materials and Methods
{open bars). Transformution elficiency (hatched
ers ) wens estimated from the number of £ coli
codondes obtamed  after recirculanization anad
electroparation of the DNA, as descrited in M-
terialks and Methods. Control DNA vielded {18 £
3 = 107 colomies per jE.

10, compared with DNA separated
conventionally in TAE buffer { Figure 2,
open bars). The simultaneous presence
of guanosine, adenosing, cytiding and
uridine in the electrophoresis buffer,
each at a concentration of 1 mmol/L,
had only a small additional protective
effect vs. guanosine alone.

Analogous fesults were obtained
when the various DNA preparations
were recirculanzed with DNA ligase
and eleciroporated into £ cofi to deter-
mine the efficiency of transformation
(Figure 2, hatched bars), Here, the ad-
dition of guanosine (o the electrophore-
sis buffer increased the vield of clones
by a factor of about 400, compared
with conventionally prepared, unpro-
tected DNAL Thus, sccording o both
assays, morg than 99% of the DNA was
damaged after standard preparative
agarose gel electrophoresis. By con-
trast, when the electrophoresis buffer
contained guanosine., about twio-thirds
aof the DNA remained fully functional,

The protection against LY damage
provided by guanosine could also be
demonstrated  in PCE experiments

1 2 M

kb
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Figure 1, Effect of additlon of guanosine to the
ehectruphoresis adTer on the elliciency of
PCR. Agnrose gel clectroghonesis of DNA was
erformed with TAE buffer {lane 1} or with TAE
buffer confaining | mmel’L guanosine (lane 23
DNA was then molated from the agarose gels as
described in the legend o Figure 2, PCR was per-
formed with the solated DNA as described in
Materinls und Methods. and products wene ana-
Iy by agarose gel clecirophoresis. A total ol
250 ng DNA marker VI Boshringes Mannheim,
Mannheim, Germany) was apphied o lane M.
The expected product size was | RS kh
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{Figure 3). PCR with DMNA isolated in
the conventional manner from an aga-
rose gel was not successful (lane 1).
However, when the electrophoresis
bulTer contained 1| mmol/L. guanosine,
an identical amount of isolated DNA
wis amplified with good vield (lane 2).

In supplementary in vitro transcrip-
lion assays, guanosine in the electro-
phoresis buffer also profected against
UV irradiation when either (0.53% TBE
or the HTAB protocol of extraction was
useddl, Phosphate (1 mmol/L) or DTT (5
mmelL) instead of guanosine provided
no protection, Figure 4 shows the vield
of full-length wanscript as a function of
guanosing concentration. [t is apparen
that a concentration of 1 mmol/L is
necessary to achieve substantial protec-
tion, Addition of | mmol/L guanosine
to the ethidium bromide staining solu-
lion, was, at least with our staining pro-
tocel, without protective effect {data
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Figure 4. Protective effect as a function of
gunnisine concentration. Agarose pel elec-
1rv:|ph|1r|.'\n. of DMA was pa.'rﬂ:-rrrhcd with TAE
butfer in the presence of geanosine o5 indicabed.
DA was then isolated from the agarose gels and
assayed for the yield of radiolabeled, full-length
transcript a3 described in the begend 10 Figure 2.
Dintn were normalized b}' subtraction of the j"'lt"|-l.|
obtained with unprotecied DMNA, followed by di-
winiom by the yicld obtained with control DMA,
Thie curve shown resulied from non-linear regres-
sion analysis. The parnmeters of a simple binding
model, ¥ = P xC (K + C) were fined 1o the
data. This model describes the normalized yield
{1 85 a function of guanosine concentration (C),
a dissocigtion constant (Kb and the maximom
protection (). Values of .53 (95% confidence
interval: 037, 0074) mmolL and 77 (68, 85) %
wene obtained for K oand Porespectively. Noge,
hiowever, that the data ore almost equally well de-
scribed by & simple cooperative model that im-
plies a maximmem protectn of 05,

Vol 28, Mo, 5 (1498}

not shown). Interestingly enough, while
adenosine and uridine could not replace
guanosineg, cytidine was as effective as
guanosine in protecting DNA against
UN-indeced damage (Figure 5).

Finally, it should be noted that. in a
side-by-side comparison, incorporation
of guanosine into the agarose gel was
without any apparent effect on the fluo-
rescence iniensities of ethidium bro-
mide-stained DNA bands (data not
shown ).

DISCUSSION

Preparative agarose gel electropho-
resis of DNA may be hampered by the
presence of enzyme-inhibiting impuri-
ties in the agarose {16,17). In the past.
this has led 1o the development of vari-
ous isolation procedures (9, 16,17) and
prompied many investigators with de-
manding applications to fractionate
their DNA using methads like gel fil-
tration or density gradient centrifuga-
tion, which provide poorer resolution
(10,14},

In cur experience, DNA prepared
from agarose was often a poor sub-
strate, especially in processes that re-
quire the DNA to be copied in its whaole
length, such as transformation (which
includes replication), in vitro transerip-
tion and PCR. However, from experi-
ments described in this work, it was

A =] G u

Figure 5. Protective elfects of ihe individuoal
nucleosides s assayed by in vitro transerip-
tion. .".ga.mu: H,c| E|Eulr|:l|!l|uﬂhi:1- of DNA wus
performes) with TAE baffer (lanc 2) or with TAE
bulTer comtainimng 1 mmol/L of the indicabed nu-
cleoside (abbrevised as in the legend to Figure 2)
{lanes 3-6), DNA was then isolated from the
agarose pels as described in the kegend o Figure
2 and exumined by in vitro rsnscripiion as de-
scribesd in the legensd o Figure |, For lane 1, un-
trepted control DMNA was uged.
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concluded that neither isolation from
the agarose block, ethidium bromide
staining nor electrophoresis had a detri-
mental effect on the gualiy of the
DAL Instead, it was shown that ineffi-
cient processing of DNA was solely
due to illumination with U hght.

It i= well known that LW light dam-
ages DNAL Allerations such as pymmi-
dine dimer formation, base destrue-
teoms, breakage of sugar phosphate
chains and interstrand DNA-DNA
crosshinks have been reported (see Ref-
erence 15 for o review). However, from
current protecols for the fluorescent de-
tesction of ethidium-DMNA complexes af-
ter gel electrophoresis, the impression
emerges that UN-induced DNA damage
is usually of minor importance (2),
With a standard UV transillwminator fit-
ted with LI'V-B tubes. only insignificant
damage is assumed to accumulate in a
period of minutes (13).
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It was therefore quite surprising to
learn from our functionsl assays that,
even in the short period of time (20
45 5) that is needed to cut out a single
bamd, DMA in an agarose gel may suf-
fer extensive damage on a standard LIV
table. Our data from the in vitro tran-
scription assay and from the coupled
assay of ligation and transformation of
E. coli demonsirate that less than 1% of
the DNA remained intact. In PCR ex-
periments, the damage prevented am-
plification of isclated DNA,

In line with our resulis, it has been
reporied previously that transillumina-
ticn of gels can damage DNA and com-
promisze  subsequent  manipulations
(3.8,13). Unfortunately, the expenmen-
tal conditions were different from thoss
actually used in preparative agarose pel
clectrophoresis. Also, it was not possi-
ble to relate the significance of UV
damage 1o other steps in preparative gel
electrophoresis

Clearly, the ultimate solution to this
problem is o avoad UV irradiation alto-
gether. However, this is inconvenicnt
and may often be impractical. Using
weaker UY sources, with the disadvan-
tape of reduced sensitivity, helps to al-
leviate, but does not abolish, the dam-
age. UV-B sources (peak intemsities
around 300 nm) are considered as the
most sppropriate LY source, since,
compared with 254-nm sources, they
have been shown to provide lower risks
of photodamage and photobleaching
and, compared with 366-nm sources,
they offer higher sensitivity (2).

As an alternative, a remedy was
found that requires little change 1o the
conventional protocal of preparative
DNA electrophoresis and no modifica-
tion or replacement of existing UV
tables. The presence of eviidine or gua-
nosing inagarose gels had a strong, al-
beit not absolute, protective effect on
DNA against UV irradiation. Protec-
tien was concentration-dependent and
specific, in that adencsine and wridine
were ineffective. Judging from Figure
2, combinations of nucleosides do not
seem (o resull in addional benefit.
When choosing between cytidine and
guanosing, which appear 1w be equally
effective. it should be considered that
cytidine dissolves faster and to higher
concentrations. and guanosing is cheap-
er by a factor of aboot 3 on a molar ba-

sis, It is important 0 note that the
nucleosides do not impede eleciro-
phoresis, detection or purification of
DMNA. Compared with the use of 366-
nm Y sources o reduce damage o
DNA (8), inclusion of cytidine or gosn-
osine in the gel is supenior, in that floo-
rescence inlensities are not affected.

The nature of the damage that
blocks T3 RNA polymersse, Tag poly-
merase and possibly 8 DNA poly-
merase from £ colf active in plasmid
rephication, and the molecular mecha-
nism of protection provided by eytidine
and guanosine, are presently uncertain.
Given the similar shsorption coeffi-
cients of the nucleosides at 2640 nm, it
seems unlikely that protection is affect-
ed by absorption of UV light before it
reaches the DNA. Anyhow, it is gener-
ally accepted that formation of dimers
between adjacent bases constitutes the
most prevalent photoreaction in DNA
(1), and dimerization 15 assumed to be
highly dependent on local DNA duplex
mutility (1,12}, Possibly, then, guano-
sine or eytiding protects against UV-in-
duced damage by a specific interaction
that modifies local DNA geometry or
internal motions, In favor of this view,
it has been demonstreated thar DNA
triplex formation, resulting from the
addition of oligonuclectides w duplex
DNA, prevents UV-induced formation
of pyrimidine dimers ( 12).

In this report. a potentially severe
pitfall in preparative agarose gel elec-
trophoresis has been documented. With
three different functional assays, it was
shown that common UV tables may in-
duce massive damage to DNA. In the
fusure, the addition of cytidine or gua-
nosing o the electrophoresis buffer
shoubd help 1o avoid this detriment.

ACKNOWLEDGMENTS

This work was supported by Deut-
sche Forschungsgemeinschaft (SFB
I76). We thank Anke Ripperger for
skillful technical assistance.

REFERENCES

| Becker, ML wnd . Wang. 1989, Qrigin of
ulraviolel damage in DNA. J. Mol Hiol.
2100439438,

2 Brunk, C.F, and L., Simpson, 1977, Compar-

Vol 21, Mo 5 (1996)



isom of various nhiravicolet soarces for Noones-
cent detection of ethidium  bromide-DN A
complexes in polyacrylamicde gels. Anal
Bipchem. A2:455-462.

3 Carlello, N.F, P, Keohavong, B, Sancer-
som and WG, Thilly. 1988, DMA damnge
produced by ethidiom bromide stuining and
expuaure to ubiesviolet Light. Nucleie Acids
Res. 16:4157.

4. Gaillard, C. and F. Strauss. 1990, Ethanol
precipiation of DNA with Tinear polyacryl-
amide as carrier. Mucleie Acids Res. T8:378

S Griindemann, D, V. Gorbouley, 5. Gumbar-
yan, M. Vevhl und H. Koepsell. 1994, Drug
excreton mediated by a new prodotype of
polyspecific transporier, Nature 772.549-552,

o.Grindemann, D, and H, Koepsell. 1994,
Ethidium hromide staining during dematura-
tiom with glyexal for sensitive detection ol
BMA i agarose gel ebectrophoresis. Anal.
Biochem, 2/8:459-461,

T Hanahan, D, J. Jessee and FH. Bloom,
101, Plasmid ransformation of Escherichin
coli and other bacteria. p. 63-113. M LH,
Milller (Ed.). Methods in Enzymology, Vol,
204; Bocterial Cenetic Systems. Academic
Press. Sum Dicgo,

# Hortmun, PS. 1991, Transtlumination can
profousdly reduce transformation freguen-

cies. BioTechnigques §1:747-74%,

9 Hengen, PN, 1994, Becovering DNA from
agarose pels. Trends Biochem, Sei /9:308-
KL

L KiefTer, B.L, 1991, Opsimised cTNA see e
lection and cloning procedure for the con-
sruction of represemative plasmid cDNA, -
braries. Ciene fos:115-119.

11 Langridge, J., . Langridge and P1. Berg-
guist, 1950 Extraction of muclese acids from
agarose gels. Anal. Biochem, [03:264-271,

12 Lynamichey, V.1, MLIL Frank-Kamenctskil
and V.M. Soyfer. 19940, Protection agninst
UN-imduced pyrimadine dimerization in DNA
by irfplex formation. Mature 244:568-570,

13 Mimeler, Wo, A. Kyas, F. Bricker and J.T.
Epplen. 1994, Alered electrophoretic behay-
aor of DMA due fo short-time UV-B iersdia-
thon. Electrophoresis {57 14991 505,

14 Murphy, A_JM. and R.T. Schimke. 1991
plambdaZd3¥ & new fype of cDNA pxpres-
sion yector For kv hackpuurk]. hgh efficien-
¢y directional cloning, Nucleic Acids Res
5027408,

13 Mikogosyan, LN, 19590, Two-quantum LTV
phatochemisiry of nucleic acids: comparison
with conventional low intensity LIV photo-
chemistry and radiation chemdsury. Inn 1 Ba-
diat. Bied. ST233-299,

16.Sambrook, 1., E.F, Fritsch and T, Maniatis,
148, Maodecular Cloning: A Labosanory Mun-
ual, 2nd ed. Cold Spring Horbor Laboralory
Press, Cold Spring Harbor, NY.

17.5midth, HaO, 1980, Recovery of DNA Trom
gele, p, 3T1-380. Jn L. Grossman and K. Mol-
dave (Eds.j, Methods in Enzymology Vod, 65
Wuocleie Acics, Part |, Academbc Press. New
Yok,

18 Vogelstein, B, ami I Gillespie, 1979 Pre-
parative and analytical purification of [XNA
from sgarcse, Proc, Nall Acad. Sed. USA
ek 5-619.

Received 29 January 1996; accapled
22 April 1996.

Address correspondence to:

ik Cirilndernann

Depariment of Plamacolegy

Ulmdversity of Heldelberg

Im Newenfeimer Felad 366

9120 Heide the rg, Crermany

Inrernet; divk, privcndermann @ ars.
uni-heidelberg.de



