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ABSTRACT: The RNA/DNA ratio is a useful indicator of the nutritional condition of fish larvae. The 
presented analytical procedure is an improvement of Clemmesen's (Meeresforschung 32: 134-143, 
1988) methodology which involves purification of fish larvae tissue homogenates and subsequent 
fluorescence-photometric measurements using specific nucleic acid dyes. The modifications concern 
the homogenization and nucleic acid extraction procedures. A 'shaking mill' was compared to a potter 
Elvehjem microhomogenizer and a reduction in the washing and purification steps was achieved. 
Treatment of samples with ribonuclease A and subsequent fluorescence measurement using ethidium 
bromide was given preference compared to the DNA-bisbenzimidazole determinations due to 
problems arising from high self-fluorescence of the samples and the influence of 'quenching' sub- 
stances disturbing the DNA-bisbenzmidazole determinations. Different RNase concentrations and 
their influences on RNA and DNA were checked. Recovery rates of standard RNA and DNA 'spikes' 
were determined. Fish larvae samples were analysed with the previous and the improved modified 
procedure and a correction factor to compare results measured with the 2 procedures was calculated. 
With the presented method the physiological condition of individual larvae and the amount of vari- 
abhty can be determined. 

INTRODUCTION 

Nucleic acids  play a major role i n  growth a n d  devel-  
opment .  T h e  amount  of DNA, t h e  carrier of genet ic  
information, is quasi-constant in somatic tissues a n d  
tissue concentrations therefore reflect cell numbers  
(Regnault & Luquet  1974, Dortch e t  al. 1983). T h e  
amount  of RNA in t h e  cell is directly proportional to  t h e  
amount  of protein synthesis occurring. T h e  relation- 
ship be tween  RNA a n d  DNA is a n  index of t h e  cell's 
metabolic intensity a n d  h a s  b e e n  used  to m e a s u r e  
recent  g rowth  i n  fishes (see review by  Bulow 1987). It 
h a s  proven a useful indicator of nutritional condition a s  
shown in several larval fish s tudies  (Buckley 1979, 
1980, 1984, Mart in e t  al. 1985, F u k u d a  e t  al. 1986, 
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Buckley & Lough 1987, Clemmesen  1987, Raae  e t  al. 
1988, Robinson & Ware  1988, Wes te rman & Holt 1988). 

Most  previous s tudies  measur ing  RNAIDNA ratios i n  
larval fish u s e d  a method  which  required a min imum 
of 800 p g  d r y  w t  sample- '  (Buckley 1979). T h u s  
samples h a d  to b e  pooled for analysis a n d  est imates  of 
t h e  individual variability in  RNA/DNA ratios w e r e  
impossible. But s u c h  est imates  could b e  essential for 
detect ing s tarving individuals in  t h e  field to  de te rmine  
whether  starvation plays a major  role  i n  t h e  recruit- 
m e n t  process. Therefore a highly sensitive fluorimetric 
method,  allowing t h e  determinat ion of t h e  RNAIDNA 
ratios of individual larvae,  w a s  deve loped  (Clemmesen  
1988). After s o m e  years  of experience with t h e  
RNA/DNA fluorescence technique,  I p resen t  cer tain 
improvements  a n d  sirnplifications that  chiefly concern 
t h e  method  of extracting t h e  nucleic acids a n d  t h e  
fluorimetric determinat ion of RNA a n d  DNA. 
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MATERJALS AND METHODS 

Chemicals. All chemicals used in the procedures 
were analytical grade. Ethidium bromide (EB) and 
nbonuclease A were obtained from Serva (Heidelberg, 
Germany). Ribonuclease A was dissolved in Tris-HC1 
buffer (pH 7.5) at a final concentration of 0.01 mg ml-' 
heated to 100°C for 15 min to destroy possibly present 
DNase (Maniatis et al. 1982). After cooling to room 
temperature the solution was split into aliquots and 
stored at -20°C until further use. Lambda DNA and 
nbosomal RNA (16s, 23s) were purchased from 
Boehringer (Mannheim, Germany). Bisbenzimidazole 
(Hoechst 33258) was obtained from Sigma Chemicals 
(Germany) and sodium dodecyl sulfate (SDS) from 
Merck (Darmstadt, Germany). 

Extraction of nucleic acids. The aim was to modify 
the technique to reduce the number of necessary 
purification steps and to avoid the time-consuming 
manual procedure for homogenizing individual larvae. 
In the modified procedure the manual homogenisation 
is replaced by using a commercially available shaking 
mill (Retsch Type MM-2, Germany) which can hold 10 

Eppendorf capped vials at a time. A single fish larva is 
put into a vial containing 0.4 m1 of Tris-NaC1 buffer 
(0.05 M Tris, 0.1 M NaCl, 0.01 M EDTA and 2% SDS 
adjusted to pH 8.0 with HCl) and glass beads (diameter 
0.2 and 2 mm). The glass beads are moved rapidly in 
the solution and disrupt the larval tissue. A shalung 
time of 15 min is sufficient for complete homogenisa- 
tion of the tissue. All steps are carried out on ice to 
minimize the possible effect of DNases and RNases. 

For purification of the nucleic acid solutions, 2 washes 
with Tris-NaC1-saturated phenol and chloroform/iso- 
amylalcohol (24: 1 v/v) were carried out as shown in 
Fig. 1. The purity of the solution was evaluated by 
separating the purified larval nucleic acids by agarose 
gel electrophoresis using 0.8 % agarose in Tris-EDTA- 
sodium acetate buffer. Molecular markers Hind III- 
digested lambda phage DNA fragments and ACCI- 
fragments were run in parallel on every gel. To 
visualize the nucleic acids in the gels they were 
stained with EB solutions (Maniatis et al. 1982). To 
evaluate losses of nucleic acids occurring in the extrac- 
tion procedure a known amount of commercially avail- 
able standard DNA and RNA ('spike') was added to 

Fill the tip of a vial w~th glassbeads (0 2.0 & 0.2 mm) and 
400 p1 Tris-SDS buffer (0.05 M Tris, 0.1 M NaCI, 0.01 M EDTA, pH 8.0, 2% SDS); 

add 1 fish larva; 
keep in the shaking mill for 15 min 

I 

t 
I 

Add 400 p1 Tris-NaCI-saturated phenol and 400 p1 chloroform/isoamylalcohol (24: 1); 
mix for 5 min 

f 
Centrifuge for l0 rnin (3800 X g) 

J 
Take resulting aqueous nucleic ac~d phase (top layer) and transfer to a new vial; 

add 400 p1 chloroform/isoamylalcohol; 
mix for 5 min 

t 
Centrifuge for 5 min (3800 X g) 

I 

Take result~ng aqueous nucleic ac~d phase (top layer) and transfer to a new vial; 
use for the fluorimetric determination 

Determine nucleic acid content fluorimetrically in microcuvettes. 
For determination of RNA and DNA use El3 at: 

excitation: 365 nm, emission: 590 nm. 
For determination of DNA also use EB after treatment with RNase. 

(Total EB-fluorescence) - (DNA-fluorescence) = (RNA-fluorescence) 

Fig. 1. Flowchart of the improved and modified analytical procedure 
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24 larval herring homogenates prior to the extraction 
procedure. An aliquot of the herring homogenate with- 
out a 'spike' as well as the RNA and DNA standards 
were also assayed. 

The optimum concentration of RNase A necessary to 
digest the larval RNA completely without destroying 
the existing DNA had to be determined. Standard 
nucleic acid solutions were incubated with 5 different 
RNase concentrations (10, 15, 25, 50, 100 pg m]-') at 
37 'C for 30 min and fluorimetrically determined. 

To compare results determined with the previous 
procedure (Clernrnesen 1988) and with the modified 
methodology, intercalibration tests were performed. 
Aliquots of a pooled herring larvae homogenate were 

and measuring procedure. extracted from individual herring larvae. Lanes 1 to 5 give 

~l~~~~~~~~~~ l-he fluorimetric assay of DNA DNA bands (B) and RNA bands (C) of individual larvae. Lane 
6 shows the molecular weight standard (Lambda DNA cut 

and RNA depends On the use Of specific fluorophors with the restriction enzyme Hind I11 and ACC I).  The values 
which react with nucleic acids and result in an increase for molecular weight are g,ven in kilobases, (A) indicates 
in fluorescence intensity. The fluorophor EB was used the start-slots of the samples 
to determine both RNA and DNA (Le Pecq & Paoletti 
1966, Karsten & Wollenberger 1972, 1977, Prasad et al. 
1972, Beers & Wittliff 1975). Bisbenzimidazole, a DNA- RESULTS 
specific fluorescence dye, has been used to measure 
DNA content in cell and tissue homogenates (Brunk et The modified analytical procedure resulted in high 
al. 1979, Cesarone et al. 1979, Labarca & Paigen 1980, molecular weight, fairly undegraded DNA and defined 
DeFlaun et al. 1986). My earlier method relied on EB RNA subunits as shown by agarose gel electrophoresis 
and bisbenzimidazole. But because data obtained (Fig. 2) .  The influence of the new modified purification 
using the bisbenzimidazole technique were difficult procedure on larvae nucleic acids in comparison to the 
to reproduce due to problems with self-fluorescence, old methodology was checked by determining the 
I developed an improved method which replaces bis- RNA and DNA content of aliquots of pooled herring 
benzimidazole with EB. First the fluorescence of DNA larvae samples. Table 1 compares the results of the 
and RNA was measured using 0.6 m1 of the sample RNA and DNA determinations with the 1988 purifica- 
after adding 0.05 m1 of the EB stock solu- 
tion (0.1 mg ml-'). Secondly an aliquot of 

Table 1 Comparison of 2 different nucleic acid purification procedures for 
the was treated with RNase determining RNA and DNA content of larval fish. Aliquots of a pooled 
bated at 37 "C for 30 min and measured herring larvae sample were fluorimetrically analyzed with bisbenzimidazole 
fluorimetrically using EB. Measurements (1988 method) and ethidiurn bromide (modifled method). X :  mean, 

were performed with a Kontron spectro- s,~: standard deviation, V,: coefficient of variability in % 

fluorometer (SFM 25) at 30°C exciting 
at 365 nm, and reading the emission at 
590 nm. The fluorescence due to RNA can 
then be calculated as the difference be- 
tween total fluorescence (RNA and DNA) 
and fluorescence after ribonuclease treat- 
ment, which is assumed to be due only 
to DNA. For further details on the 
fluorirnetric determination see Clernrnesen 
(1988). 

Herring larvae aged 9 to 65 d were 
reared under laboratory conditions as 
described by Clemmesen (1987). Larval 
material was used for evaluating the 
influences of different analytical steps on 
the nucleic acids. 

1988 procedure Modified procedure 
ug DNA pg RNA RNA/DNA pg DNA pg RNA RNAIDNA 
larva-' larva-' larva-' larva-' 

1.72 6.04 3.5 3.13 8.53 2.7 
2.08 6 28 3.0 2.70 8.32 3.1 
2.12 6 0 4  2.8 2.97 7.53 2.5 
1.88 6.12 3.3 2.60 8.22 3.2 

X: 2.14 6.10 2.90 2.84 8.13 2.89 
sx: 0.35 0.15 0.4 1 0.22 0.34 0.30 
V,: 16.50 2.40 14.30 7.62 4.21 10.38 

"Source: Clernrnesen (1988) 
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tion procedure and the newly modified assay. Because 
each phenol/chloroforrn/isoamylalcohol washing step 

A- causes loss of nucleic acids, decreasing the number of 
steps was expected to improve recovery and lead to a 
higher RNA and DNA content (t-test, p i 0.05). 

In all concentrations used, the RNase completely 
digested the existing RNA leaving a fluorescence signal 
in the range of 326, which resulted from the auto- 
fluorescence of the enzyme itself. RNase concentra- 
tions of 50 and 100 pg ml-l led to a decrease in the 
DNA fluorescence signal in the range of 4 to 6%. To 
avoid loss of DNA material the lowest concentration of 
RNase (10 pg ml-') was used. Agarose gel electro- 
phoresis of purified nucleic acids from herring larvae 

Fig. 3. Ayarose gel electrophoresis of purified DNA and RNA Was used to further check the ability of RNase to totally 
samples extracted from individual herring larvae, Lanes digest larval RNA. Samples treated with RNase showed 
1, 3, 5, 8 & 9 show the DNA and RNA bands of the individual an absence of the RNA band indicating that RNA was 
larvae. Samples in Lanes 2, 4. 6 & 7 were treated with RNase. completely digested by R N ~ ~ ~  ( F ~ ~ .  3). 

(A) Start-slot, (B) DNA bands and (C) RNA bands The extraction procedure led to a recovery 
rate for 2 trials each of 98 and 99% for DNA 
and 102 and 95 % for RNA (Fig. 4) .  

2.0 Comparison of the previously used and the 
new modified procedure resulted in signifi- 

1.8 cantly higher DNA determinations and ap- 
1.6 proximately the same RNA amount (Table 2). 

1.4 This led to lower RNA/DNA ratios. In order to 
compare data determined with these 2 proce- 

1.2 dures, the RNNDNA ratios measured with 
1 .O the new procedure have to be multiplied by a 

0.8 
factor of 1.20. The data given in the lower 
part of Table 2 resulted from RNA and DNA 

o, 0.6 
3 determinations of individual herring larvae 
E 0.4 from 1 sample group (mean of 3 to 11 ind.). 
Q) Therefore differences occurring can be due to 
c 0.2 
0 
o larval individuality. The calculated correction 
X factor for this procedure (1.24) is comparable 
0 

1.8 with the one derived from the parallel 
0 . - 
a, - aliquots. 

1.6 
3 

1.4 DISCUSSION 
1.2 

In comparison to conventionally used UV- 
1 .o absorption tests (Buckley 1979) with a thresh- 
0.8 old of 1 to 2 pg DNA or RNA rnl-' reflecting 

0.6 a minimum larval material of 0.8 mg dry wt 

0.4 

0.2 Fig. 4.  RNA and DNA contents of herring larvae 
0.0 homogenates and recovery rates of RNA and DNA 

calculated from 'spiked' samples. Presented data 
are means of 12 determinations of aliquots of 
pooled hernng larvae homogenates in both trials. 
The recovery rates result from comparing the 
fluorimetrically determined nucleic acid plus 
'spike' measurement with the mathematically 

RNA - v DNA A expected value 
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Table 2. RNA and DNA content of aliquots of a pooled herring larvae homogenate (means of 11 parallel determinations of the 
same homogenate) and from individual herring larvae (means of 3 to 11 parallel determinations of individual larvae from the 
same sample group) determined with the previous methodology (Clemmesen 1988) and the modified procedure (Fig 1).  

V,: coefficient of var~ability in % 

Previous methodology 
kg  DNA pg RNA RNA/DNA 

(A) 

Modifled methodology A/B 
Pg DNA pg RNA RNA/DNA 

(B) 

Pooled homogenate 
3.54 f 0.23 5.48 r 0.41 1.56 + 0.11 4.08 + 0 17 5 .42f  0.39 1.34 f 0.12 1 1 6  

V,: 6.50 7.48 7.05 4.17 7.20 9.00 

1.80 f 0.13 2.96 f 0.29 1.58 i 0.15 2.08 + 0.07 2.68 f 0.24 1.28 + 0.13 
V,: 7.22 9.80 9.49 3.37 9.00 10.20 mean 1.20 l 

Individual larvae 
1.57 f 0.07 5.44 f 0.83 3.40 f 0.49 2.60 f 0.31 6.43 ? 0.83 2.50 f 0.25 

l mean 1 24 

the highly sensitive method using fluorescence dyes 
allows the determination of 0.1 pg DNA or RNA ml-' 
(Clemrnesen 1988). The aim in this study was to im- 
prove and modify the 1988 method for quantitative de- 
terminations of DNA and RNA contents in whole-body 
homogenates. When using the 1988 procedure on rou- 
tine assays of hundreds of fish larvae, I obtained un- 
satisfactory measurements with the bisbenzinlldazole 
determinations. The self-fluorescence of the sample 
(before the dye is added) was very unstable, reaching 
values of 40%. Thus DNA determinations were less 
reliable which also resulted in less reproducible RNA 
determinations, since both measurements are linked. 
With EB, self-fluorescence was in the range of 1 to 4 %, 
and was negligible. 

The purification procedure for RNA and DNA re- 
sulted in high molecular weight DNA and fairly unde- 
graded RNA as seen from agarose gel electrophoresis 
(Fig. 2) but a certain amount of 'smear' still occurred, 
indicating that the extracted nucleic acids are not 
completely pure. In the case of the RNA- and DNA-EB 
fluorescence, these remaining substances do not 
cause any problems; the nucleic acid dye complex is 
stable and gives reproducible results. The DNA- 
bisbenzimidazole complex seems more susceptible to 
interferences than the nucleic acid-EB complex. 
Clarke et al. (1989) determined DNA contents in young 
cuttle fish using bisbenzimidazole and found very vari- 
able DNA concentrations. Unexpectedly no significant 
correlation between DNA content and size of the 
analysed animals could be determined. Since they 
used a very insufficient nucleic acid purification proce- 
dure, contamination with cell substances other than 
nucleic acids might have caused problems in deter- 
mining DNA via bisbenzimidazole accurately. Brunk 

et al. (1979) described 'quenching' substances (Guilt- 
bault 1973) disturbing the DNA-bisbenzimidazole 
measurement occurring when crude cell homogenates 
or lysates were used. However, Cesarone et  al. (1979) 
found very good reproducibility (approximately 5 %) 
between the DNA-bisbenzimidazole determinations 
when worlung with cell cultures or sufficiently purified 
DNA solutions from rat livers. The necessity of includ- 
ing purification steps into the assay procedure to elim- 
inate the substances causing 'quenching' was also 
observed by other authors (DeBevoise & Taghon 1988, 
Mordy & Carlson 1991, McGurk & Kusser 1992). 

Another reason for variable DNA determinations 
might be due to the specificity of bisbenzimidazole for 
DNAs rich in dA-dT base pairs (Weisblum & Haenssler 
1974). Depending on the base composition of the DNA, 
different reactions of DNAs with bisbenzimidazole 
were found. Concluding, the DNA-bisbenzimidazole 
measurement should only be used when DNAs from 
cell cultures or highly purified homogenates are to be 
analysed. The influence of 'quenching' substances has 
to be further evaluated before a routine use can be 
proposed. 

In the modified procedure the use of RNase A to 
digest RNA and the subsequent measurement of the 
remaining DNA content by EB was given preference 
due to the problems with bisbenzimidazole described 
earlier. RNase is widely used (Karsten & Wollenberger 
1972, 1977, Bentle et al. 1981, DeBevoise & Taghon 
1988, Robinson & Ware 1988) but in some studies the 
concentration of RNase used might be too high and may 
affect the amount of DNA present in the sample. 

The reduction in number of necessary phenol/ 
chloroform/isoamylalcohol washing steps gave satis- 
factory results leading to higher amounts of extracted 
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nucleic acids. The nucleic acid purification procedure 
presented here was applled to laboratory-reared 
herring larvae (Clernrnesen-Bockelmann 1992) and 
worked efficiently for the size groups 'freshly-hatched' 
to ca 15 mm standard length. For larger larvae the 
buffer volume had to be increased and the phenol 
washing steps had to be repeated to avoid protein 
contamination of the nucleic acid solution. 

The presented nucleic acid recovery rates were near 
100% and demonstrated that the procedure used is 
quantitative and protects the nucleic acids. The lower 
RNA recovery rates indicate that some RNA is lost 
during the procedure, probably due to the smaller 
molecular size. The recovery values found in this study 
are in good agreement with values given by Dagg & 
Littlepage (1972) and Prasad et al. (1972) using proce- 
dures without purification steps involved. The use of 
purification steps in this study therefore does not seem 
to result in significant loss of nucleic acids. 

Results of the comparison between the old and the 
new improved methodology (Table 2) showed that a 
correction factor has to be applied to compare data 
derived from the 2 procedures. This indicates that the 
different procedures used and described in the litera- 
ture can lead to different results making a direct 
comparison of data impossible. Therefore a need for 
standardization of analytical procedures and inter- 
calibration work has to be encouraged. The new 
modified procedure has been applied to hundreds of 
laboratory-reared and wild herring larvae to evaluate 
their nutritional condition and has proven to work 
efficiently and with high reproducibility (Clemmesen 
1989, Clemmesen-Bockelmann 1992, Ueberschiir & 
Clemmesen 1992). 

The analytical procedure described is successful in 
determining nucleic acid contents of whole body 
homogenates of individual fish larvae, leading to a 
better reproducibility and a greater number of larvae 
analyzed per time unit compared to the previous pro- 
cedure. Since the nucleic acid content can be used to 
determine the physiological condition in other marine 
organisms (Dortch et al. 1983, Ota & Landry 1984, 
Wright & Hetzel 1985, Wang & Stickle 1986, DeBoise & 
Taghon 1988, Anger & Hirche 1990) the improved 
analytical procedure should be applicable when only 
small quantities of tissue material (approximately 
25 yg dry wt) are available. 
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