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Abstract. An investigation of the possible contribution of bacteria to the labeling patterns
of soybean seedling nucleic acid was made. The results using sucrose gradient, MAK column,
and acrylamide gel electrophoretic fractionation together with base oomposition ana-lyses of
nucleic acid preparations show that contaminating bacteria do not contribute to the incorporation
of 32P-orthophosphate into the RNA of excised hypocotyl or soybean root tip. Sterile, non-
sterile, and CM-treated soybean hypocotyl synthesize D-R1NA to the same extent. The
contaminating bacteria do not synthesize an AMP-rich RNA. The G-C rich 32P-DNA
component of the soybean tissues used in these studied resuits, at least primarily, from the
incorporation by contaminating bacteria. CM can be used successfully to eliminate the
contribution of bacteria to the labeling of nucleic acids by etiolated plant tissues. Bacterial
counts, although valuable, are not sufficient to determine if contaminating bacteria will
significantly contribute to nucleic acid labeling in plants.

The pattern of labeling of nucleic acids following
exposure of plant tissues to some radioactive pre-
cursor (usually 33P-orthophosphate) has been de-
scribed using several systems (2, 3, 7, 8, 17, 21, 23).
Recently Lonberg-Holm (12) and Hock (6) sug-
gested that bacterial contanminants of plant tissues
contribute significantly to the nucleic acid labeling
patterns observed by several workers (2, 3, 7, 8, 1/,
18, 23). Because of this we undertook an inves-
tigation of the contribution of bacteria to nucleic
acid synthesis in plant tissues used extensively in
this laboratorv for the study of nucleic acid metabo-
lism (7, 8). Sucrose gradient centrifugation, MAK
column fractionation, and base composition analvses
of nucleic acid preparations were used in these
studies since they were the methods frequently used
and also used by Lonberg-Holm (12). In addition
we used polyacrylamide gel electrophoretic fraction-
ation of nucleic acid preparations as this method
gives complete separation of bacterial r-RNAs (23
and 16S) from plant cytoplasmic r-RNAs (25 and
18S) (11). Nucleic acids were extracted from
32P-labeled sterile and non-sterile plant tissues labeled
both in the absence and presence of 50 jug/ml chlo-
ramphenicol. Chloramphenicol wvas the bacteriastat
of choice based on the Nvork of Leaver and Edelman
(9) and Wilson ('24). In brief, the results show
that bacteria do not contribute to the results of
RNA studies which have been reported from this
laboratory (7, 8); the newly svnthesized G-C rich
DINA component (or leading peak DNA of NMAK
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columns) wlhich has been described in several plant
systems (2, 8, 17, 18, 23) appears to result primarily
from bacterial contamination in soybean tissues, in
agreement with the results of Tester and Dure using
Azvena coleoptiles (21) and of Lonberg-Holm (12).

Materials and Methods

Soybean seeds (Glycine mlax, var. Hawkeye 63)
were routinely planted in moist vermiculite and ger-
minated at about 290 in the dark for 3 days. Sterile
plants were grown from seeds which were rinsed in
sterile water and then ethanol, followed by a 20-
minute wash in 1 % sodium hypochlorite. Finally
the seeds were washed 5 times with sterile distilled
water and planted in 1 % Bacto-agar in covered
sterile glass trays. Germination was for 3 days at
290 in the dark. When intact seedlings were used,
germination was accomplished in Kimpac as de-
scribed (8). Two-g samples of hypocotyl taken
one-half to 1 and one-half cm below the cotyledons
were incubated with shaking at 300 in 50 ml Erlen-
meyer flasks containing 5 ml of medium (1 %
sucrose, 5 X 10-4 NM ammonium citrate, pH 6.0,
± 50 ug/ml chloramphenicol). Sterile hypocotyl
wNas excised under aseptic conditions and incubated
in sterile medium as described above. Tissue was
preincubated for 2 hours prior to the addition of
carrier-free 32P-orthophosphate. Intact seedlings
were incubated with shaking at 300 in 250-nml beakers
containing 30 ml distilled water ± 50 jug/ml chlo-
raml)henicol. The roots were submerged to about
3 cm. The apical 0.5 cm section and a section taken
from 1.5 to 3.5 cm from the tip were excised from
the root following a 2-hour incubation in 32P-ortho-
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phosphate. FolloNving the 2-hour labeling period
tissue was washed extensively with 0.05 M Na3PO4
followed by cold deionized water.

One-g sanmples of hypocotyl or root tisstue were
hloImiogenlized in 5 mlll of sterile Ringer's solution.
and serial diluitionis were nmade for bacterial counts.
Aliquiots from each dilution were plate(l onto nutrient
agar. The plates were incubated at 25° for 48
houirs at which time colony counts were made.

Bacteria were isolated by scraping colonies from
the nuttrient agar plates. The colonies were trans-
ferred to a liquid nutrient medium and culttured for
24 hoturs at 300 w\ith continuous shaking. One ml
of this ctulture wvas theni transferred to 9 ml of
intitrient mledia containing either 3'P-orthophosphate
or 3H-thvmidine. Inctubationi w\as continued for
2 hours.

Ntucleic acids were extracted as described by
in11gle ct (11. ( 7). MAfethvlated albumin. kieselgulhr
colutmiln (M\AK) chromatography (13) was done as
described by Ingle et al. (7) with the following
modificatioins. A 2-stage linlear gradient of potas-
sitium chlloride in 0.05 M potassitim phosphate biuffer
(1)l{' 6.7) was uised to eltite the nlticleic acids. The
first stage w\,as 0() ml eac(iof 0.45 an-id 0.8; MmK(l
follo\ed by 120 mil eaclh of 0.85 and(l 1.35 \i KCl.

Suicrose gradient centrifulgatioln wvas carried out
isiilng ; to 20 % gradients containinig 0.01 Mt sodium
aicetate 11 n.0 for 18 holurs at 23,000 rpm (-120)
in the S\VN 25; rotor of a Spiinco Model 12 centrifuige.

PolvacrlOamide gel electrophoresis was per-
formled essentially in the nmanner of Loening (10)
antd Loening and Ingle ( 1). Gels containinig 2.4 %
acrvlamide and 0.12 % bisacrylamnide were prepared
in 7.5 X 0.63 cm plexiglas' tuibes, anid electrophoresis
wvas for 3 or 4 hours at 5 mia/gel, at wh-ich time the
low molecular wveighlt RNA's had ru1n off the gel.

Results

Bacteri(al StiU(lies. Imimediately followving ex-
cision, the 1-cm sections of routinelv grown soybean
hypocotvl used in these experiments contained from
1.4 to 1.7 X 10vviable bacteria per g fresh weight.
Tlhe nunmber of bacteria increased to about 3.7 X 104
to 5.8 X 104 per g fresh weight after a standard
incubation of 2 'and 4 hoturs, respectively. Thle in-
clutsioin of 50 ptg/nil chloramiiphenlicol (CMA) in the
inctubatioin mlediutml preven)tecl any increase in con-
tamiimlatinig bacteria over a 4-hotur incubation. Sov-
bean roots uised in these exxperiments contained fronm
3.1 to 4.6 X l() viable bacteria per g freshl weight.
Wlhen soybean see(llinigs were grown under aseptic
conditionis, there wvere Ino detectable bacteria in the
tissuie used (the lower limlit of detection was 102
bacteria per g fr wt). Examination of the isolated
bacteria showved them to be gram-negative rods of
the Pseudomonad type, in agreement with other
workers (6, 9).

Table I. Influence of Chloramphenicol ont Gr-owtht of
E.xcised Soybean Hypocotyl

(CAl

0
50
10

0
50
100

Increase in fr wt
Control

4-Hr incubation
9

1.12
1.12
1.111

,[-Hr inlcufbation
1.25
1.24
1.25

2,4 1)

.1
1.29
1.27
1.28

1.56
1.58
1.58

TIAhe data presented in table I show that CAM,
even in excess of that required to prevent bacterial
growth, didc not affect elongation of the soybean
hypocotyl.

Nucleic Acid Chlaractcrizationi. In order to
assess critically the contributioni of bacteria to the
newl1 svnthesized nucleic acids of excised soybean
hvpocotvl, both routinely growni (nioni-sterile) and
sterile tissuies Nvere labeled ith 2P -orthophlosphate
for- 2 liours with and witlhout 50) Kg/iml ('1\l. A
cultuire of bacteria, whiclh was isolated fronm the
routinely-grown hypocotyls, was also labeled for 2
houri.s with either 3'12P-orthophosphate or 31H-thvmii-
dinie. IPurified preparationis of nuceleic acids fromii
these sources were characterized by 1) suicirose
gra(lient cenitrifugation, 2) AL-kK column11iI fractiona-
tion, 3) acrvlamide gel electrophoretic separation,
and 4) base composition analyses. Figure 1 shows
the distribution of 32P-RNA from bacteria together
wvitlh carrier soybean RNA on a 5 to 20 % linear
sucrose gradient. As expected based oni the sizes
of bacterial anid lplant ribosomal RNAs (11), the

' I , I

Bacteria
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.2~~~~~~~~~~~~adi N
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FIG. 1. Sucrose gradient fractionation of 32bP-bac-
terial RNA and carrier soybean hypocotyl RNA. Five
puZ bacterial RNA x-,ere cofractionated witlh 1 mg soybean
RNA on 5 to 20 % sucrose gradients. Centrifugation
N-as for 18 hours at 23 K rpm in a SWV 25 rotor.
Bacteria were labeled for 2 hours wvith 32p.
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FIG. 2. Suicrose gradient fractionation of soybean RNA. Sterile anld ni,on-sterile soKybean hv\pocotvl wvere

labeled witll 32P for 2 hours ± 50 *,g/ml CM. Fractionation was accomplislhed as described in figure 1.

bacterial r-RNA sedimented to the light side of the
plant r-RNA with the effect being more pronounced
in the case of the heavier component (4). There
was no polvdisperse bacterial RNA following a
2-hour label. In contrast the 32P-RNA from the
sovbean hypocotyl treatments described above showed
a heterogeneous but rather uniform distribution over
the gradient (fig 2, A to D). There were no
marked differences between profiles of RNA from
sterile and non-sterile tissue except in the case of
figure 2C. The reason for this difference is not
immediatelv obvious in view of the data presented
in figures 3 and 4. CGMl hadl no apparent effect
either on the distributiotn of newly synthesized RNA
on the gradienlts or on the level of 9P incorporation
into the RNA.
MAK profiles of 32P-labeled nucleic acids pre-

pared from sterile and non-sterile soybean hvpocotyl
along with 3H-labeled DNA from bacteria are shown
in figure 3. There are no discernible differences in
the 32P-labeling pattern of sol-RNA, r-RNA, or

D-RNA from sterile and non-sterile tissue. Further-
more, CM had no effect on the labeling pattern or
the extent of labeling of RNA. In the case of
DNA there were marked differences. The 3H-
labeled bacterial DNA clearly eluted earlier than
the bulk soybean DNA. Likewise the 32P-DNA
from non-sterile hypocotyl eluted as a leading peak
relative to the bulk soybean DNA, but coincident
with the 3H-bacterial DNA. Sterile tissue and
GM-treated tissue incorporated much less 32'p into
DNA. and the 3WP-DNA from these tissues eltuted
coincident with the bulk soybean DNA.

Because of its high resolving power (10), acrvl-
amide gel electrophoresis was utsed to fractionate
nucleic acids fromii sterile anid non-sterile soybean
hvpocotvl (fig 4). This method completely sepa-
rates bacterial r-RNAs (16 and 23S) from plant
r-RNAs (18 and 25S) (ref 11 and fig 4F). There
are clearlv no differences in RNA labeling patterns
between sterile and non-sterile hypocotyl (fig 4A
and C) or between CM-treated (fig 4B and D) and
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Fic. 3. \lA.1K cotlumin fractionation ofn P soybean hvpocotvl lucleic acid,s with 3H bacterial D)NA. Sterile
anl(l nion-sterile tissule +ere labeled with :2P for 2 hours + 50 u,g/ml CM and cofractiona,ted wilth 3H b;acteria,l 1 )N

untreatedl (fig 4A and(l C) llvJ)ocotyl. There was lno
evidence for incorporation into 16 and 23S r-RZNAs.
Thle incorporation of 32P into DNA (fig 4A to D)
was too low to be detected 1b this miiethod since the
polydisperse, AMIP-rich RNA ( D-RNA) overlaps
the DNA region as well as the r-RNA region of the
gel just as on sucrose gradients (7).

Base composition analyses of total '2P-RNA
froml the soybeani lwpocotvl anid fronm bacteria are
given in table II. There were lno significalit dif-
ferenices in the comlposition of newly synthesized
RNA\ fromil sterile and noln-sterile tissue or fromli
CAIl-treated tissue withl the GAIP/AMP ratio of the
:'2-IPXNA ranging from 0.86 to 0.88 in all treatments.
The composition of 12P-bacterial RNA is clearly
different froml :;2JP_hvpocotv1 RNA, giving essen-

Tllble II. BO7se Co mn position of .e\w/v .Svtlicsized
.32IJ1RN. I

Source of

R(NAN

Bact4eria
Noni sterilel
Non -st,erilel

(+ ('.\I)
St enril-
Sterile'

(+ CAM)

.Ilole al.
I'\Il A IP (;NI P tliM IP (G PIP/A MP

22.1 24.6 32.6
22.7 28.8 25.3
22.6 30.4 26.4

20.7

)2.4,
21 .4

22.1 29.1 26.3 233.4
23.4 28. 24.6 23.0

1.36
(1.88
(.86

0.86
0.8

1 Elongating soylbeain hypocoty l.

tiallv a r-RNA comlposition after the 2-hour label,
in agreenment with published values for Pseudomlona-cid
RNA (14). In addition, the pulse-lal)ele(d RNA of
a Pseuidomoniad is even lower in AM\ P tlhanl long-
timle labeled RNA (14).

Since the evidence presente(l above indicates that
synthesis of the G-C-rich DNA component by nlon-
sterile soybean hvpocotvl (total counts in the DNA
coml)onent represent about % of the total 82P-

incorporated inlto total niucleic acid) results from
bacterial contamination, an investigation was miiade

of nticleic acid synthesis in the intact soybean seed-
ling root. The mature region of the root was shown

earlier to incorporate considerable 32P into a fraction
of DNA eluting at a lower salt concentration than
the bulk soy,bean DNA (8). The base composition
analysis of this 32P-DNA showed it to be 64 %
GAMP +- C(IP (8), precisely the compositionl of
Pseudomiionad DNA (14). Three-dav old soybeani

seedlings were grown for 2lhours with the roots
immnlersed in distilled wvater -+ 50 g/ml CM fol-
lowedl by, anI additional 2 hoturs in P-orthophos-
phate. Nucleic acids were prepared from the apical
0.5 cnm and the 1.5 to 3.5 cm zones of the root and
fractionated 1w acrvlamide gel electrophoresis (fig
5 ) In additionl 3'2P-labeled nticeleic acids froIml

bacteria were fractioniated sel)arately and \\ith

nticleic acids froIn the 1.5 to 3.5 cnii zone of the
root. Nucleic acids froml the 0.5 cImi root tip (fig
SA) showed considerable incorporation into 18 and

II I
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FIG. 5. Fractionation of soybean root and bacterial nucleic acids oni polyacrylamide gels. RNA was prepared
and fractionated as in figure 4 except that electrophoresis was for 3 hours.

25S r-RNA, with no evidence for incorporation into
the 16 and 23S regions of the gel which would
correspond to plant organelle or bacterial r-RNA
(11,20). CM did not alter the pattern of incor-
poration into nucleic acids of this tissue (fig SB).
Most of the 32P-RNA of the 1.5 to 3.5 cm zone of
the root corresponded to 18 and 25S r-RNA (fig
5C). There was, however, a slight indication of
3WP-RNA in the 16 and 23S regions of the gel.
Furthermore, there was considerable incorporation
of 32p into DNA of this tissue as reported earlier
(8). Treatment of the roots with CM virtually
eliminated 32p incorporation into the DNA as well
as the trace of incorporation in the 16 and 23S
regions of the gel (fig 5D). The bacterial nucleic
acid profile is shown in figure SE, and the co-
electrophoresed root and bacterial nucleic acid in
figure SF.

Discussion

The data presented here clearly show that bac-
terial contamination of the soybean tissues with
which we have worked does not contribute to the
reported labeling patterns of RNA (7,8). This
conclusion is supported by A) the essentially iden-
tical labeling pattern and extent of 32P-incorporation
into RNA of sterile and non-sterile soybean hvpo-
cotyl using 3 methods of RNA fractionation, B) the
absence of any appreciable 32p incorporation into
16 and 23'S RNA which corresponds to bacterial
r-RNA, and C) the identical base composition
analyses of RNA from sterile and non-sterile soy-
bean hypocotyl, compositions which differ grossly
from either pulse-labeled or uniformly-labeled Pseu-
domonad RNA (14).
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FIG. 4. Fractionation of soybe-in hypocotVyl an1d bacteria1l nucleic a,cids on1 pdlyvacrYlamide gols. Sterile aild lnoil-

sterile hypocotyls + 50 I,g/ml CMI and bacteria werie labeled separately with >9P for 2 hours. Electrophoresis
at 5 ma/gel was for 4 hours. The gels vvere scanned with a Joyce, ILebl Chromiioscani. The gels were then sec-
tioned into 0.67 mm slices aid placed on strips of filter paper, The strips were dried, cut, and etalc gell section
w-as I)laced in a scintillation vial and counted.

These data also show that the G-C-rich DNA
coml)onent ('i.e. the fraction eluting at a somewhat
lower salt concentration from the MAK column
than the A-T-rich plant DNA) of the soybean
hypocotvl and mature region of the soybean root
(7, 8) probably can be attributed to the contami-
nating bacteria. This conclusion is supported by
A) the absence of measurable G-C-rich DNA syn-
thesis by sterile soybean hvpocotyl, B) the elimina-
tion of this DNA synthesis by chloramphenicol at a
concentration which prevented an increase in bac-
teria and C) the work of Lonberg-Holm (12) and
Tester and Dure (21). The high G-C content of
this DNA, and therefore its greater buoyant density

(19), could readily account for the result of Cherry
(2) which was interpreted to show the presence of
a DNA-RN\A hybrid. These results should not be
interpreted to mean that sterile plant tissues never
svnthesize a G-C-rich DNA, because such synthesis
would be expected (1).

The absence of appreciablv labeled bacterial
RNA from these preparations of nucleic acids even
under conditions that the DNA of contaminating
bacteria became very highly labeled (mature soy-
bean root) may at first seem a paradox. However,
this would be expected to occur under the incubation
conditions which were used here. It is known that
bacteria will increase their DNA by as much as
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40 to 50 % without increasing their RNA when
growing on a minimal or "step-down" medium
(15, 16).

These results show that chloramphenicol can be
used successfully during the incubation of etiolated
plant tissues to prevent bacterial growth without
affecting growth of the plant tissue or the extent
and pattern of labeling of plant nucleic acids. This
might not be true for green tissues where chloro-
plasts might make a major contribution to nucleic
acid metabolism (1, 11, 20).

It should be emphasized here that sterile soybean
hypocotyl, as well as all other plant tissues which
we have studied, synthesizes D-RNA (7). Hock's
failure to detect this fraction of RNA in sterile
watermelon cotvledons (6) probably relates to the
method of nucleic acid extraction which he tused,
namely the method of Gierer and Schramm (5)
which makes use of phenol in the absence of a
detergent. A detergent is required in the extraction
medium to effect appreciable extraction of the
D-RNA (7). Even so, the specific activity of the
watermelon RNA is higher in the D-RNA region
than, for example, in the light ribosomal RNA
region after a 3-hour label (6).

These data, along with those of Venis (22),
serve to point out that a level of bacteria as high as
10) to 108 per g mav not contribute to the labeling
pattern of RNA and protein. As an example, about
107 bacteria per g in the 0.5 cm soybean root tip do
not contribute even to the labeling of DNA (8) or
RNA as seen here, while comparable contamination
in the 1.5 to 3.5 cm zone of the soybean root leads
to a marked contribution of DNA labeling but not
significantly to RNA labeling. Up to 106 bacteria
per 200 mg of pea or cucumber tissue did not con-
tribute significantly to incorporation of precursor
into RNA and protein (22). Thus, a measure of
bacterial contamination is not sufficient to make
conclusions about their contribution to labeling pat-
terns of nucleic acids and protein in plant tissues.
A direct determination using MAK fractionation
for DNA, acrylamide gel fractionation for RNA,
and the methods of Venis for protein (22) should
prove sufficient and probably necessary.
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