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ABSTRACT 

A HPLC method with UV detection for quantification of 2,6-diaminopimelic acid (DAPA) in 
rumen bacteria, duodenal and ileal digesta and faeces is described. Biological samples were hydrolyzed 
with 6 M HC1 for 20 h at 104±2°C. DAPA was separated after pre-column derivatization with 
o-phthaldialdehyde (OPA) in the presence of ethanethiol (ESH). DAPA derivative was analyzed 
using a reversed-phase C l g column (3 jum, 250 x 2.1 mm, I.D.) by a gradient elution program and 
the UV and fluorescence detections. The converted DAPA (as two peaks) was UV monitored at 
230.7 and 337 nm (the retention times: 46.77±0.20 and 47.25±0.21 min). The total run time, 
including 10 min of the column re-equilibration, was 60 min. The average recoveries of DAPA 
standards added to biological samples were satisfactory: 99.32±3.78 and 99.00±4.25% with UV 
detections at 230.7 and 337 nm, respectively. The presented HPLC method with the UV detections 
at 230.7 and 337 nm offers the low intra- and inter-assay coefficient variations (ca 0.5 and ca 1.1%), 
high recoveries (-100%), so this procedure gives satisfactory precision, reproducibility and accu
racy. The use of the UV detection at 337 nm offers lower limits of detection (ca 0.28 nmol/ml) and 
quantification (ca 0.91 nmol/ml) than the U V monitoring at 230.7 nm and the fluorescence detection 
(ca 1.1 and ca 3.6 nmol/ml, respectively). However, UV measurements at 230.7 nm produced 
strongest signals as compared with UV signals at 337 nm and the fluorescence detections. The 
presented HPLC method with UV at 230.7 nm enabled quantified of DAPA as a largest signal, so, 
this HPLC mode can be applied for the estimation of ruminal bacterial protein supply to ruminants 
and for monitoring of bacterial contamination of examined materials. 
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INTRODUCTION 

The peptidoglycan layer of the most bacterial cell walls contains the unique 
amino acid, 2,6-diaminopimelic acid (DAPA), which can exist as a mixture of 
diastereomeric forms (i.e. DD, LL and meso forms) (Ling et al., 1990; Masson et 
al., 1991; El-Waziry and Onodera, 1996). Therefore, because of DAPA apparent 
uniqueness to bacteria - it is not found in the plant or animal tissues - this amino 
acid has been used to study bacterial cell wall biosynthesis (Masson et al., 1991; 
El-Waziry and Onodera, 1996; El-Waziry et al., 1996), to classify bacteria taxo-
nomically (Nagasawa et al., 1993), degradation (Philipczyk et al., 1996) and as a 
indirect marker for the measurement of bacterial contamination in biological ma
terials (Puchala et al., 1992). Although bacterial cell walls are structurally di
verse, the DAPA/protein ratio is relatively constant in bacterial cells, therefore, 
DAPA can been used as a specific indicator of bacterial biomass concentration 
in digestive tracts contents of ruminants (Czerkawski, 1974; Robinson et al., 1996; 
Djouvinow and Todorov, 1998; Zhao et al., 1998). To advance our studies of 
bacterial grow within the rumen microbial ecosystem, we required a simple and 
less costly method for the rapid, reproducible, specific and sensitive determining 
DAPA in rumen bacteria, duodenum and ileum contents, as well as in faeces 
samples. The traditional analytical method applied to determination of DAPA in 
biological samples is ion-exchange chromatography (IEC) followed by reaction 
with ninhydryn (Cockburn and Williams, 1984;Edols, 1985; Volkeret al., 1991). 
IEC method is suitable for routine quantification of DAPA, however, the analysis 
time is long, has a rather pour detection limits and requires costly dedicated sys
tems. On the other hand, Czerkawski (1974) offers a cheaper method for DAPA 
quantitate, unfortunately, this procedure is labour intensive, requires many trans
fer steps and is susceptible to interference from proline (Webster et al., 1990; 
Puchala et al., 1992). Quantification of DAPA by HPLC methods may overcome 
of above mentioned difficulties (Czauderna and Kowalczyk, 1999; Czauderna et 
al., 1999). However, HPLC methods for DAPA determining in digesta or rumen 
fluids requires costly purifications of samples (Webster et al., 1990) or individual 
sample running gradient programs as well as fractionation of DAPA from other 
amino acids and endogens species is unsatisfactory (Buck and Krummen, 1987; 
Mengin-Lecreulx et al., 1988; Webster et al., 1990; Puchala et al., 1992; El-
Waziry et al., 1996; Philipczyk et al., 1996; McKerrow et al., 2000). Therefore, 
we develop the method based on reversed-phase HPLC in combination with 
o-phthaldialdehyde (OPA) derivatization. We suggested that satisfactory specifi
city and sensitivity of DAPA assays can be achieved using a high-resolution long 
C 1 8 column and high-efficiently, however, not specific UV detection. 
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MATERIAL AND METHODS 

Reagents 

All chemicals were of analytical grade; organic solvents were of HPLC grade. 
Acetonitrile, methanol were purchased from POCh (Poland). Ethanethiol (ESH) 
was obtained from Aldrich (Germany), while o-phthaldialdehyde (OPA) and DL 
2,6-diaminopimelic acid (DAPA) (a mixture of LL, DD and meso diastereomers) 
from Sigma (USA). The amino acids protein hydrolysate standard kit was obtained 
from Waters Corporation (AccQ-Tag™, Part No. WAT052875, USA). Water used 
for the preparation of mobile phases and chemical reagents was prepared using an 
Elix™ water purification system (Millipore). The mobile phases were filtered through 
a 0.45 |im membrane filter (Millipore). 

Chromatographic equipment 

An Alliance separation module (model 2690, Waters) with a Waters 996 photo-
diode array detector (DAD) and a Waters 474 fluorescence detector was used for 
elution system. The OPA derivatives were monitored using the fluorescence or 
UV detector. DAD was operated in a UV range from 195 to 450 nm with a spec
tral resolution of 1.2 nm and a measurement frequency of 1 spectrum per second. 
Development of the analytical method, collection and data integration were per
formed using Millennium 2001 software (version 2.15) and a Pentium II I computer 
(Compaq). The analytical column used was a C 1 8 column (3 |Lim, 250 x 2.1 mm 
I.D., CPI, USA) in conjunction with a guard column (Waters) of 10 x 6 mm con
taining reversed phase C 1 8 (30-40 jam) pellicular packing material. 

Analytical mobile phases and the gradient elution system 

A gradient elution program (Table 1) was used for DAPA assays in biological 
samples. The following elution mobile phases were used: solvent A was acetonitrile-
buffer (4:23 v/v). The buffer for mobile phase A was prepared from 0.02 M 
Na 2HP0 4 adjusted to pH 6.4 with ~ 30% phosphoric acid. Solvent B was ace-
tonitrile-methanol-water (30:30:40, v/v/v). The maximum system pressure was 
35.00±0.14 MPa, while the minimal one was 27.47±0.09 MPa. Injection volumes 
were 5-25 JLX I . The limits of detection (LOD) was calculated at a signal-to-back
ground ratio of 3, while the limit of quantification (LOQ) was defined as 10 times 
the background under a peak (Meyer, 1999). 
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TABLE 1 
Gradient elution program (column temperature: 30°C) 

Time 
min 

Flow-rate 
ml min*1 

Composition, % Time 
min 

Flow-rate 
ml min*1 Solvent A Solvent B 

0 0.26 100 0 
0.5 0.27 100 0 (linearly increased from 0 min) 
1.0 0.30 100 0 (linearly increased from 0.5 min) 
6.0 0.30 80 20 (linearly increased from 1 min) 

12.5 0.30 78 22 (linearly increased from 6 min) 
18.0 0.30 60 40 (linearly increased from 12.5 min) 
28.0 0.30 40 60 (linearly increased from 22 min) 
40.0 0.29 25 75 (linearly increased from 28 min) 
45.0 0.29 10 90 (linearly increased from 40 min) 
45.2 0.29 0 100 (linearly increased from 45 min) 
50.1 a 0.29 100 0 (linearly decreased from 50 min) 
a - after 50.1 min the column were re-equilibrated for 10 min in 100 % solvent A at a flow-rate of 

0.29 ml/min 

Preparation of the borate buffer 

Boric acid, 2.473 g, was dissolved in 80 ml of HPLC grade water and the pH 
adjusted to 9.8-9.9 with 4-5 M KOH. The resulting solution was filtered through 
filter paper and then diluted to a total volume of 100 ml to make 0.4 M borate 
buffer. 

Preparation of derivatizing reagent (OPA/ESH) 

Seventy-five mg of OPA were dissolved in 4.5 ml of HPLC grade methanol and 
0.5 ml borate buffer. Next, 70 jLtl of ESH were added and the resulting solution was 
mixed. It is recommended to protect the derivatizing reagent from light and to store 
refrigerated (-18°C) when not in use. The reagent strength was maintained by 
addition of 10 |Lil of ESH every 2 days. 

Preparation and hydrolysis of biological samples 

Sample of rumen bacteria {Lachnospira multiparus 685), ovine duodenal, ileal 
digesta and faeces were frozen, lyophilized and the obtained homogeneous mate
rials (about 200 mg) hydrolyzed with 25 ml of 6 M HC1 at 104±2°C for 20 h in 
sealed tubes. After cooling the hydrolysates were filtered through filter paper and 
washed two times with deionized water. Hydrochloric acid was removed from the 
filtrates in a vacuum rotary evaporator. Twenty ml of deionized water were added 
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to the residues and then evaporated to dryness again in vacuum to remove residues 
of HC1. This washing procedure was repeated three times. The hydrolyzates were 
stored at -18°C until analyzed. The residue was redissolved in 1.5 ml of the borate 
buffer (pH 9.8-9.9) and then used for the derivatization as below. 

Derivatization procedure 

To an autosampler reacti-vial 50 \\\ of redissolved biological sample, 1 ml of 
OPA/ESH derivatizing reagent and 10 jLtl of 1 M NaOH were added. The contents 
were mixed and reacted for 3 min at room temperature. It is recommended to 
protect processed samples from the light. At the end of the 3 min of derivatization 
time, the processed samples were injected onto the column. The derivatizing pro
cess for amino acids standards of protein hydrolysate and DAPA was the same as 
for biological samples. 

RESULTS AND DISCUSSION 

The main disadvantage of chromatographic determination of underivatized DAPA 
was that this amino acid had relatively high molar absorption only in the short UV 
wavelengths range (X<200 nm), in which many suitable mobile phase components 
are not transparent. Therefore, DAPA was converted with OPA to a highly fluo
rescent derivative containing a very high band in the UV spectral range from 210 to 
250 nm and a weaker one from 300 to 380 nm (El-Shazly and Hungate, 1966; Hill 
et al., 1979; Rattenbury, 1981; Cooper et al., 1984; Lindroth et al., 1985; Sarwar 
and Botting, 1993; Czauderna and Kowalczyk, 1999; Czauderna et al., 1999). De
tailed investigation of various solvent mixtures showed that the need for quaternary 
solvent mixtures and the high-resolution and long C 1 8 column was well substantia
ted. Really, derivatized DAPA possess relatively high absorbance at 230.7 nm (Hill 
et al., 1979; Czauderna and Kowalczyk, 1999), therefore, the derivatized DAPA 
diastereomers eluted as pair of peaks (at 46.77±0.20 and 47.25±0.21 min) can be 
clearly distinct from all endogenous species present in all assayed biological sam
ples. Moreover, after 45.2 min of elution run, the used elution system was found to 
provide excellent low baseline level from the left and right side of the analytical 
DAPA peaks, when the UV detection was used. DAPA peaks were identified on 
the basis of the retention time of processed DAPA standards injected separately 
and by adding standard solutions to biological samples. Obviously, DAPA peaks 
were differentiated from unidentified species by use of the photodiode detector. As 
expected, all DAPA peaks were absent from the blank, when the presented HPLC 
system was used. Based on our earlier studies (Czauderna et al., 1999; Czauderna 
and Kowalczyk, 1999) and the work of other authors (El-Shazly and Hungate, 
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1966;Webster etal., 1990;Nagasawaetal., 1993; El-Waziry and Onodera, 1996) it 
can be concluded that the smaller DAPA peak (peak 1) is a mixture of DD and LL 
diastereomers, while the larger one (peak 2) is a meso DAPA diastereomer. 

Considering absorbance spectra of DAPA derivatives obtained by the diode 
array detector it can be suggested that the UV and fluorescence detections ob
tained by the use of ~231 nm wavelength produced greater signals in comparison 
with UV and fluorescence signals obtained using 337 nm wavelength (Hill et al., 
1979; Czauderna and Kowalczyk, 1999). Thus, attempts were made to compare 
the results of DAPA quantification as dependent upon used the wavelength and the 
detection mode. Table 2 gives a comparison of responses of fluorescence detector 
and DAD obtained by the use of the -231 and 337 nm wavelength. As expected, 
both excitation at 231 nm and UV monitoring at 230.7 nm produced considerably 
greater responses of both detectors as compared with excitation and UV detection 
at 337 nm. Moreover, Table 2 summarized still other results that showed that DAPA 
measurements at 337 nm can also provide the second possible alternative UV de
tecting mode. Really, UV this monitoring produced only little smaller signals than 
the fluorescence emission signals obtained by the apply of the 337 nm excitation 
wavelength. Fortunately, as can be seen from elution profiles of duodenal digesta 
(Figure 1), the UV detection at 337 nm leads to significantly smaller changes of 
background levels in comparison with the UV monitoring at 230.7 nm. Therefore, it 
is reasonable to expect that this UV detection mode can provides better separation 
of analytical DAPA peaks from the background fluctuations. Moreover, HPLC 
analysis of all assayed samples illustrated in Figure 1 reveal that separation of two 
DAPA peaks is best achieved by the use of the two UV detection modes in com
parison with fluorescence emission obtained using the 231 and 337 nm excitation 
wavelength. 

The response of DAPA was linearly related to the amount of DAPA within a 
wide range of DAPA content (from 0.017 to 0.510 |Lig) in the injected standards. 
The correlation coefficient (r) and standards errors in slopes (SES) (Table 2) evi
denced that better linearity of the calibration function, values of SES and precision 
of DAPA peaks integration offers UV monitoring at 337 nm. Thus, these results 
evidenced that precision of DAPA quantification at longer wavelengths is better 
since the background fluctuations and levels on both sides of analytical DAPA 
peak is smaller in comparison with ones from UV detection at 230.7 nm. Moreover, 
the lower values of LOD and LOQ (Table 2) based on UV monitoring at 337 nm 
are fully consistent with previously obtained results. Obviously, all values of LOD 
and LOQ for the two UV detection modes are low, therefore, the short and middle 
detections (i.e. at 230.7 and 337 nm) are suitable for routine quantification of DAPA 
contents. Really, DAPA levels in assayed biological samples are greater (>16 nmol/ 
ml) in comparison with all obtained values of LOD and LOQ. The presented HPLC 
method with the UV detection at 337 nm (Table 2) offers significantly better sensi-
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tivity than fluorescence detection obtained by the use of excitation at 231 nm and 
emission cut-off filter of 470 nm, while the UV measurements at 230.7 nm gives 
only slightly better in comparison with this fluorescence detection. 

Reliability of HPLC method 

System reliability and reproducibility of the current HPLC method were evalu
ated by analyzing the inter- and intra-assay coefficients of variation (CV,%) de
rived from the measurements of DAPA content in rumen bacteria and intestinal 
digesta. As can be seen from CV (Table 2), UV monitoring at 230.7 and 337 nm 
gives practically similar precision of the DAPA assays. The low values of intra-
and inter-assay CV indicate satisfactory precision and reproducibility of used HPLC 
system and applied derivatizing procedure. 

Attempts were made to evaluate the accuracy of presented HPLC procedure 
by analyzing a recovery (R, %) of known quantities (i.e. 0.17,0.1 and 0.05 \ig) of 
DAPA added to rumen bacteria (35 jLtg of lyophilized bacterial hydrolizate). The 
obtained average recoveries (number of replicates: 18) evidenced that the pre
sented HPLC system provides good accuracy of DAPA assays, when the UV 
detections at 230.7 and 337 nm were applied (i.e. R = 99.32±3.78 and 99.00±4.25 %, 
respectively). The accuracy of the presented HPLC method was further as
sessed by fractionation of OPA-derivatives of seventeen amino acids standard 
mixture (protein hydrolysate, AssQ-Tag™, Waters) using developed HPLC sys
tem. As expected, no co-elution of DAPA peaks with examined mixture of ami
no acids was observed in the UV spectral range of 195-450 nm. The accuracy of 
the presented method was also investigated by determining relationships between 
the UV detecting wavelength (Xnm) and ratios (R n m) of area sum of DAPA peaks 
in all assayed biological samples (R n m , ) and a calibration standard (R n m . ) 

J ° r \ sample' v standard 7 

(i.e. R n m = R n m . /R n m , , ,; for abbreviations see Table 3). As can be seen 
v sample standard' J 

from data summarized in Table 3 all values of RSD were relatively small, as well as values of R n m were practically equal to 1. Considering the above men-average r J i o 

tioned results it is reasonable to conclude that peaks corresponding to DAPA in 
all assayed biological samples to be pure in the both examined UV ranges, i.e. 
devoid of interferences due to co-eluting peaks of endogenous species absorbing 
in the UV ranges applied. Obtained results evidenced that in the tested short and 
longer UV ranges, background fluctuations and the close presence of some uni
dentified species cannot interfere in the accurate integration of DAPA peaks. 

The stability of DAPA derivative was detailed examined at -18°C with respect 
to storage time of processed samples. Obtained results documented that an area of 
sum of DAPA peaks monitored at 230.7 nm was practically constant, when a 
processed sample was protected from the light and stored for 8 days at -18°C. 
Even after 20 days of storage, an area of sum of DAPA peaks decreased slightly 
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TABLE 3 
Relationships (R n m ) a between the wavelength (X n m, nm) of DAPA UV monitoringb and ratios of an area 
sum of DAPA peaks in standard (R n m

s t a n d a r r d ) c to an area sum of DAPA peaks in biological samples 
(R n n i . ) d 

v sample 7 

Processed UV range of 
biological monitoring RSD, % f J^nm g 

average 
sample n m b . e 

J^nm g 
average 

Rumen bacteria 213-244 0.65 1.001 
0.635%h 309-368 2.02 0.994 

Duodenal digesta 213-244 2.29 1.012 
0.015% 309-368 1.26 1.004 

Ileal digesta 213-244 1.25 1.005 
0.019% 309-368 1.78 1.008 

Faeces 213-244 0.45 1.030 
0.0086% 309-368 2.73 1.009 

a - values (R n m) of ratio R n m , and R n m , ,: R n m = R n m . /R n m . . 
v 7 sample standard sample standard. 

b - absorption maximum in the examined UV monitoring ranges: from 213 to 244 nm - maximum at 
X = 230.7 nm; from 309 to 368 nm - maximum at X = 337 nm (i.e., X - the 

maximum maximum v maximum 

wavelengths used in two UV detection modes) 
c - values (R n m . ,) of ratio of an area sum of DAPA peaks in a standard monitored at X (i.e. 

v standard 7 r maximum v 

S m a x i m u m ) and other examined wavelength (i.e. Sn m . ,): R n m

 H = Sn m / Sm a x i m u m . , 
standard 7 0 v standard 7 standard standard standard 

d - values (R n m . ) of ratio of an area sum of DAPA peaks in biological samples monitored at X 
v sample 7 r o r maximum 

(i.e. Sm a x i m u m , ) and other examined wavelength (i.e. Sn m , ) : R n m = S n m , / Sm a x i m u m , 
v sample 7 0 v sarmple 7 sample sample sample 

e - 2-nm increments 
f - the relative standard deviation of R n m values obtained in the examined UV detecting range 
g - average of R n m values obtained in the examined UV monitoring range 
h - DAPA content in processed biological samples: DAPA % in lyophilized sample 

only (-2.2% degradation). Thus, it seems clear from the UV detection at 230.7 nm 
that the DAPA derivative was practically stable at least for 8 days at -18°C, 
however, width of sum of DAPA peaks is smallest in only freshly derivatized 
solutions (i.e. after 3 min of the reaction time). Unexpectedly, the increase of an 
area of sum of DAPA peaks and width these peaks was observed after 3 min of 
the reaction time, when DAPA measurements were carried out by the use of the 
UV detection at 337 nm. Considering the above results can be concluded that 
increase width of DAPA peaks reflected the changes in composition of formed 
DAPA derivatives. Really, during storage of the processed samples initially formed 
DAPA derivative is transformed into another DAPA derivatives (Molnar-Perl 
and Vasanits, 1999; Vasanits et al., 2000; Kutlan and Molnar-Perl, 2001; Molnar-
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Perl, 2001), thus, the reaction solutions contain mixture of DAPA derivatives 
having slightly different retention times and chromophoric group possessing a 
maximum absorbance at near 337 nm. 

CONCLUSIONS 

The presented HPLC method enabled accurate, precise, reproducible and sen
sitive determination of DAPA in various types of biological samples. The use of the 
UV detection at 230.7 and 337 nm offers better sensitivity than the fluerescence 
detection. The HPLC system presented here was found to be more accurate, sen
sitive and selective than previously published methods (Czerkawski, 1974; Mengin-
Lecreulx et al., 1988; Webster et al., 1990; Puchala et a l , 1992; Nagasawa et al., 
1993; El-Waziry et al., 1996; Philipczyk et al., 1996; Czauderna et al., 1999; Czau
derna and Kowalczyk, 1999; McKerrow et al., 2000) due to using high-efficiency 
long C 1 8 column. The use UV detection assures higher method sensitivity than the 
fluorescence detection. Elimination of a special clean-up procedures yield our HPLC 
method a less expensive and time-consuming contrary to e.g., Webster method 
(Webster at el., 1990), and more versatile. The UV monitoring at 230.7 nm provi
ded greatest response of detector as compared with other detection modes, so, we 
argued that the DAPA monitoring at 230.7 nm is most suitable for routine of DAPA 
assays in biological samples. Indeed, values of LOD and LOQ obtained by the use 
of this detection mode are considerably lower than DAPA concentration in these 
samples. A long and high resolution column (25 cm, 3 |Lim) should be used because 
it enabled satisfactory separation of DAPA peaks from endogenous species present 
in processed biological samples. Consequently, the presented HPLC system with 
not specific detection mode but greatest DAPA response can be the possible alter
native method for the estimation of bacterial protein production in ruminants and 
monitoring of bacterial contamination of examined samples. 
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STRESZCZENIE 

Oznaczanie kwasu 2,6-diaminopimelinowego w bakteriach zwacza i tresci jelit metodig H P L C 
z UV detekcjq 

Opisano metodQ HPLC oznaczania kwasu 2,6-diaminopimelinowego (DAPA) w probkach bak-
terii zwacza, tresci dwunastnicy, jelita biodrowego oraz kale. Po odparowaniu hydrolizatu DAPA 
przeprowadzano w pochodna^ uzywaja^c o-dialdehyd ftalowy (OPA) w obecnosci etanotiolu. 
Pochodne diastereoizomerow DAPA rozdzielano na kolumnie C l g z odwrocona^ fazâ  (3 jum, 250 * 2,1 mm 
I.D., CPI, USA) poprzez elucJQ gradientowa^. Pochodna^ DAPA oznaczano stosujac detekcje. UV przy 
dlugosci fali (A,d ) 230,7 i 337 nm. Analiza chromatograficzna prowadzila do pojawienia siQ diastere
oizomerow DAPA w dwoch pikach o czasach retencji 46,77±0,20 i 47,25±0,21 min. Calkowity czas 
analizy, wraz z kondycjonowaniem i rownowazeniem kolumny, wynosil 60 min. Srednia wartosc 
odzysku standardu DAPA dodanego do probek biologicznych wynosila 99,32±3,78% ( A , ^ 230,7 nm) 
oraz 99,00±4,25% ( \ e = 337 nm). Prezentowana metoda jest zadowalajaco precyzyjna, powtarzalna 
i dokladna, uzyskuje siq bowiem niskie wartosci wspolczynnika zmiennosci (CV, %) oznaczania 
DAPA w obreJ)ie przygotowania probki i analizy HPLC (CV~1,12 %) oraz CV dla samej analizy 
HPLC (ok. 0,50%). Stosujac detekcJQ UV przy dhigosci fali 337 nm otrzymuje siQ nizsze wartosci 
granicy detekcji jakosciowej (LD~0,28 nmol/ml) i ilosciowej (LQ~0,91 nmol/ml) niz monitorowanie 
UV przy dhigosci fali 230,7 nm lub stosujac detekcji fluorescencyjna^ ( L D nmol/ml; L Q ~ 3,6 
nmol/ml). Jednakze najwi^ksze sygnafy analityczne uzyskuje siQ wykorzystujac detekcJQ UV przy 
dhigosci fali 230,7 nm. Prezentowana metoda HPLC, wykorzystujaca monitorowanie DAPA przy 
dhigosci fali 230,7 nm, moze bye z powodzeniem stosowana do okreslania rozmiaru syntezy biatka 
bakteryjnego w zwaczu oraz do okreslania skazenia bakteryjnego materialow biologicznych. 


