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A Simple Technique for
Removing Plant
Polysaccharide
Contaminants from DNA

ABSTRACT

A survey of the inhibitory effects of

various plant polysaccharides on DNA
restrictions (Hindlll and EcoRl) revealed
that newutral polysaccharides (arabino-
galactan, dextran, gum guar, gum locust
bean, B-glucan, inulin, laminaran, man-
nan and starch) were not very inhibitory.
In contrast, acidic polysaccharides (car-
rageenan, dextran sulfate, gum ghatti,
gum karaya, pectin and xylan) were very
inhibitory, even at low concentrations. The
Elutip-d (RPC-5 type resin) was evaluated
Jor removal of the inhibitory polysac-
charides. Used alone or in combination
with a phenol/chloroform wash, it proved
effeciive in removing the polysaccharide
so that Hindlll digestion was possible, ex-
cept in the cases of carrageenan and
dextran sulfate. In addition, the genomic
DNA extracts from live oak (Quercus vir-
giniana) and magnolia (Magnolia gran-
diflora) were sufficiently purified so that
the DNAs could be restricted with both
EcoR/ and Hind!!l.

INTRODUCTION

Polysaccharides are common con-
taminants in DNA extracted from plant
tissues (3,5). Most conventional plant
DNA purification methods can remove
proteins, but may not be effective for
removing polysaccharides (3,5,6,9,10).
However, because both the kinds and
yields of plant polysaccharides vary
among plant species (2,13), the DNA
extraction method often does not
produce DNA with sufficient purity for
enzymatic reactions (1,7,9,11).

Several products are available com-
mercially for purifying and concentrat-
ing DNA from agarose. These include
Elutip-d from Schleicher and Schuell,
Keene, NH; NACS column from
GIBCO BRL/Life Technologies,
Gaithersburg, MD; and Qiagen tips
from Qiagen, Studio City, CA. It
seemed reasonable that one of these
products might be useful for removing
plant polysaccharides from DNA. Due
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Table 1. Comparison of the Effects of Various Plant Polysaccharides on the Restriction of A

Hindlll activities (%) on 1 ug A DNA

with polysaccharide

after elution from

Polysaccharides 10 ug 100 ug 500 png Elutip-d
Neutral:(2,13)

Dextran +4++ ++++ ++++ NT
Gum guar* ++++ +4+ +4+ NT
Gum locust bean” ++++ +++ ++ NT
Inulin +4++ +4+4+ +++ NT
Laminaran' ++++ ++++ ++++ NT
Starch +4++ +4++ ++++ NT
Arabinogalactan ++44+ +++ + .
B-glucan +++ +++ + +++
Mannan ++++ ++4 + ++4+
Acidic:(2,13)

Carrageenan - - - .
Dextran sulfate - - - NR
Gum ghatti ++ - . (++++7)
Gum karaya ++++ - . +4++
Pectin +++ + - 4+
Xylan ++++ +++ - S+

In each test, 1 g of A DNA was mixed with 10, 100 or 500 pg of polysac-

charide. The Elutip-d was evaluated using 1:500 (DNA/polysaccharide) mix-

tures. ++++ = 90%—100% aclivity; +++ = 65%~90%; ++ = 25%—65%; + = 5%—

25%: - = no observable activily. NT = Not tested. NR = No recovery of DNA.

*Causes distortion of band migration on gel electrophoresis. Distortion
eliminated after elution from an Elutip-d.

1lnitially no digestion but after a single phenol/chloroform extraction and ethanol
precipitation digestion was uninhibited, suggesting a protein contaminant.

2100% digestion after a single phenol/chloroform extraction and ethanol
precipitation and a subsequent elution through the Elutip-d.

to the diversity of plant polysac-
charides in nature, a number of kinds of
plant polysaccharides were surveyed to
determine if they had differential ef-
fects on Hindlll activity. HindIIl was
chosen because it is sensitive to poly-
saccharide contaminants, and a proto-
col was available for determining rela-
tive digestions over time (11). The
Elutip-d was evaluated for its effective-
ness in removing plant polysaccharides
that exhibited inhibitory effects on
Hindlll restrictions.

MATERIALS AND METHODS

The Elutip-d, a RPC-5 type anion-
exchange resin, was evaluated by use
of a model system of A DNA and var-
ious plant polysaccharides, without

further purification (Sigma Chemical,
St. Louis, MO): larch wood arabino-
galactan, Irish moss carrageenan,
dextran, dextran sulfate, barley seed B-
glucan, gum ghatti, gum guar, gum
karaya, gum locust bean, chicory root
inulin, laminaran (laminarin in Sigma
Chemical catalog), mannan, apple pec-
tin, starch and oat xylan. Polysac-
charide solutions were made in a 1%
concentration and kept at 70°C over-
night to inactivate nucleases that might
be present.

The A DNA/polysaccharide mix-
tures were prepared in three different
ratios (ug DNA:pg polysaccharide):
1:10, 1:100 and 1:500. The. mixtures
were incubated with HindlII according
to the manufacturer’s protocols and ex-
amined by field inversion gel electro-
phoresis (FIGE) (1.0% agarose, 7
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V/cm, 3 s forward, 1 s reverse, ramped
to 12 s forward and 4 s reverse over4 h
[2)). HindIII restriction activities were
determined by the protocol of Perbal
(11) that compares the presence/
absence of bands with standardized,
partial HindIIl digestions of A DNA.
The following 5 classes were scored
according to the presence/absence of
MHindIll bands (11): - = no activity;
+ = 5%-25%; ++ =25%-65%; +++ =

The following protocol was used for
elution from the Elutip-d:

1) Prime with 2 ml of high salt buff-
er (2.5 M NaCl, 20 mM Tris, pH 7.4, 1
mM EDTA).

2) Wash the column with § ml of
low salt buffer (0.5 M NaCl, 20 mM
Tris, pH 7.4, | mM EDTA).

3) Dilute the DNA/polysaccharide
mixture to 3 ml with low salt buffer to
obtain a low flow through the column.

65%-90%; ++++ = 90%-100% 4) Wash the column with 5§ ml of
activity. low salt buffer.
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Figure 1. FIGE of HindIII restrictions of mixture
clution from an Elutip-D and HindII restriction
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s of A DNA and pectin, and the effect of a single
of a 1:500 DNA:pcctin mixture.

5) Elute DNA with 0.4 ml of high
salt buffer.

6) Precipitate DNA with 2x volume
of ethanol.

The eluted DNA was digested with
HindIll and the restriction pattern
scored as above.

Genomic DNAs from live oak
(Quercus virginiana Miller) and mag-
nolia (Magnolia grandiflora L.) were
extracted by the hot CTAB method (5).
The final DNA pellet was resuspended
in 500 pl sterile water and left over-
night at 4°C (to aid solution). The salts
were adjusted to 0.5 M NaCl, 2 mM
EDTA and 20 mM Tris (final volume 1
ml of low salt buffer) prior to loading
onto the column.

RESULTS AND DISCUSSION

It is apparent from Table 1 that the
neutral polysaccharides were much less
inhibitory than the acidic polysac-
charides. However, even among the
acidic polysaccharides, there were
several differences. Xylan was the least
interfering, whereas carrageenan and
dextran sulfate caused very serious
problems, even at the lowest con-
centration tested. The highly inhibitory
nature of polysaccharides with free
acidic groups is further demonstrated
by comparing dextran and dextran sul-
fate. Dextran (neutral) had no interfer-
ing effects at any concentration tested,
whereas dextran sulfate (anionic) was
highly inhibitory (Table 1).

The Elutip-d columns were effec-
tive in removing polysaccharides from
DNA except for carrageenan, dextran
sulfate and gum ghatti. The addition of
a single phenol/chloroform (1:1) ex-
traction on the DNA/gum ghatti mix-
ture did not remove the inhibition.
However, subsequent elution from the
column resulted in full HindIII activity
(Table 1). This suggests that inhibition
was due to both contaminating protein
and gum ghatti.

No DNA from the DNA/dextran
sulfate mixture was recovered from the
column (Table 1). It may be that the
dextran sulfate binds tightly even in the
low salt buffer and occupies almost all
the sites. Note that the ratio of 1:500
DNA:dextran sulfate was used. The
basis for the separation of DNA and
acidic polysaccharides is the tighter
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binding of DNA during the 0.5 M NaCl
wash and then freeing the DNA with
the high salt buffer (2.5 M). Additional
studies using different salt concentra-
tions are being conducted as well as
evaluations of alternative products.

In general, the Elutip-d gave mod-
erate yields of DNA (ca. 60%-80%)
with sufficient purity for digestion with
HindIll. Similar results were obtained
using EcoRI (data not shown).

Figure 1 shows densitometer scans
of FIGE for the various mixtures of A
DNA and pectin. Notice (Figure 1, top)
that even with a 1:10 mixture (DNA/
pectin), there is incomplete digestion.
At a concentration of 1:500, much of
the A DNA stayed in the well during
FIGE and essentially none was cut by
HindIll (Figure 1). Yet, despite the ex-
tremely high concentration (1:500), the
A DNA appears to have been effective-
ly restricted by HindIII after elution.

Genomic DNA from live oak
(Quercus virginiana Mill.) and mag-
nolia (Magnolia grandiflora L.), as ex-
tracted using only the hot CTAB
method (5), could not be restricted by
cither EcoRI or Hindlll. However,
after elution from this column, the
DNAs could be restricted with both
EcoRI and HindlII.

If possible, it is important to reduce
the bulk of polysaccharides in standard
extraction procedures such as the hot
CTAB protocol. When the DNA ex-
tract is very slimy, a phenol/chloroform
(1:1) extraction should be done before
loading the extract onto this column for
optimum binding and DNA recovery.
Another useful procedure for viscous
extracts is to dilute the DNA/polysac-
charide mixture with low salt buffer
(see above) before loading.
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ERRATUM

The following reference should be
added to the article entitled "A
rapid and inexpensive procedure
for desalting synthetic oligonucle-
otides,” which was published in
the September 1990 issue {(p.
300-301) of BioTechniques:

Jayaraman, K. 1987. A rapid iso-
lation procedure for oligonucleo-
tide purification. BioTechniques
5:626.

Standardized Isolation of
Protoplasts

ABSTRACT

Isolation of leaf mesophyll protoplasts
from tobacco (Nicotiana tabacum) is
Jacilitated using a specially designed
digestion chamber, The chamber's airtight
seals and various ports reduce the com-
plexity, time and contamination risks
which may be associated with standard
isolations. The polished glass viewing win-
dow allows continuous monitoring of pro-
toplast release, thus facilitating more
precise determinations of the optimal
digestion time. In concert with a simplified
centrifugation step, the protoplast isola-
tion procedure is greatly standardized.

INTRODUCTION

Isolated plant protoplasts are single
cells stripped (enzymatically or mech-
anically) of their walls (Figure la).
They provide a fairly uniform popula-
tion of true single cells as well as al-
lowing comparatively easy access to
cellular components such as organelles
(5). Protoplasts are required for many
studies dealing with developmental,
physiological and biochemical issues
(4). They are also used in genetic en-
gineering experiments (e.g., micro-
injection, clectroporation and somatic
hybridization (1-3).

Isolation of protoplasts from meso-
phyll cells and other tissues is general-
ly accomplished in three major steps:
1) donor tissue sterilization, 2) enzy-
matic digestion of the cell wall and 3)
purification—generally, large leaf
debris is removed using a 30-60-u
syringe filter and is followed by centri-
fugation and washing cycles to remove
the smaller debris and digestive en-
zymes. Many procedures utilize high
density sucrose/ficoll (10) or density
gradient centrifugation (7), which
yields relatively pure cultures but is
time-consuming and may reduce yield.
If a gentle procedure is not employed,
damage to the protoplast may occur
during these steps.

The complexity of existing methods
of protoplast isolation is such that ap-
parently minor alterations in procedure
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