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Lactate dehydrogenase (EC 1.1.1.27) from c@yp(inus carpiy hepatopancreas was purified by tt
single-step chromatography on thiophilic sorbent. Hydrophobic negative sorption was used as
tive adsorption step for final purification. Final specific activity was 8.88 U/mg protein and the |
84%. The enzyme is not adsorbed during hydrophobic interaction chromatography, but prot
activity is adsorbed completely on hydrophobic sorbent. Thus hydrophobic adsorption can be t
a prepurification step.
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Thiophilic chromatographyis predominantly used for the separation of immunog
bulins e.g.ref$%). A comparative studyshowed high selectivity of thiophilic sorbent
for immunoglobulins. Thiophilic chromatography was only used exceptionally for
isolation of proteins other than immunoglobuliesg ref.5).

Lactate dehydrogenase is an enzyme of importance both in biochemical analys
clinical diagnostics (refs, etc) and in fine organic synthe&isThis is the reason fot
the permanent interest in the possibilities of the production of this enzyme. Mamn
lactate dehydrogenase was separated and purified by different methods includir
exchange chromatographydye-ligand affinity chromatograpHy immobilized metal-
ion affinity chromatography*2 and hydrophobic interaction chromatograjshiy.
With the only exception of dye-ligand affinty chromatography, neither from
methods was found to be efficient for purification of lactate dehydrogenase
marine as well as freshwater fish. Fish viscera, on the other hand, seems to
extremely promising source of enzymes, as this material is not utilized as foo
forms usually unpleasant wastes in fish processing.

In connection with the long-term research of enzymes of fish hepatopancreas
ticularly in the carp Qyprinus carpi9, we also studied the isolation of lactate det
drogenase from this source. It was shown that lactate dehydrogenase o
hepatopancreas is sorbed very effectively on a thiophilic sorbent, 2-sulfanylet
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bound to agarose using divinyl sulfone. The isolation of the enzyme is described |
paper.

EXPERIMENTAL

Carp hepatopancreas was obtained from Rybarstvi s.r.0., Lahovice, Czech Republic. The tiss
removed immediately after the fish was killed, ground and stored afG3fntil used. The hydro-
phobic sorbent lontosorb Phenyl (bead cellulose substituted with phenyl groups), lontosorb [
lontosorb Oxin, and lontosorb Blue were produced by lontosorb, Usti nad Labem, Czech Rej
The thiophilic sorbent (abbreviated as T-gel), Sepharose 6B with 2-sulfanylethanol bound by c
sulfone, was a gift of Prof. Porath, Biochemical Centre, University of Uppsala, Sweden.

Lactate dehydrogenase activity was determined according to Bergmeyer antf. Bgmet unit is
the amount of the enzyme which reducgrtiol of lactate to Jumol of product during one minute
at optimum pH and 30C. The concentration of proteins was determined according to Hartree

The determination of purity and molecular weight was carried out using Superose column :
10/30 (Pharmacia, Uppsala, Sweden). All the chromatography was carried out using an FP
paratus, model 250, Pharmacia Uppsala, with the column XK16/28CatThe UV-VIS photometer
Philips, model PU8730, was used for photometric measurements.

The hepatopancreatic extract was prepared by grinding 50 g of semi-defrosted materiahoer a
and then extracting it @a 4 °C with 75 ml (1.5-fold sample volume) of 10unTris-HCI (pH 7.5) buffer,
which contained 0.5 mdithiothreitol. The suspension was stirred in an ice bath for 30 min and
centrifuged (30 min, 14 000 rpm,°€). The supernatant was filtered through cotton gauze to ren
fat and then stored at 4C for 1 h. Both filtration and centrifugation were then repeated under
same conditions. The clear extract obtained was used for further work.

RESULTS AND DISCUSSION

The thiophilic chromatography of the crude extract of carp hepatopancreas was c
out using a slightly modified procedure described by B&l@mmonium sulfate was
replaced by potassium sulfate. The clear extract was then mixed with solid pota
sulfate to obtain concentration 0.5 mol/l. The resulting suspension was an extractvin
Tris-HCI buffer (pH 7.5) containing 0.5wmndithiothreitol and 0.5 K,SO,. This was
further divided into 10 ml portions which were applied onto a T-gel colivym 24 ml)
previously equilibrated with the same buffer. After the absorbance at 280 nm dect
to a stable low value, the sorbed proteins were eluted first with the same buffer w
potassium sulfate, and then with 30% solution of propan-2-ol in the same buffer
course of chromatography is shown in Fig. 1. The ordinate shows the absor
measured, the activity was recalculated to present both lines within one scale. .
proportion of lactate dehydrogenase, representing about 14% of total activity
eluted with the first buffer, but the main part was eluted with buffer lacking potas
sulfate (84% of original activity). No activity of lactate dehydrogenase was eluted
30% propan-2-ol.

The chromatography of the extract of lactate dehydrogenase on hydrophobic s
lontosorb Phenyl\{{ = 20 ml) was carried out exactly in the same way to mak
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possible to compare both methods. The only difference consisted in replacimg
potassium sulfate with 0.8 ammonium sulfate, because hydrophobic sorption f
vides inferior results in 0.™ potassium sulfate. As shown in Fig. 2, the result
reverse. Onlyca 10.5% of original activity was sorbed on hydrophobic sorbe
whereas the main fraction, 89%, was eluted under starting conditions.

The isolation efficiency, specific activities and other data are presented in Tabl
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Thiophilic chromatography of crude extract from carp hepatopancreas on T-gel (2-sulfanylet
bound to agarose by divinyl sulfoney, (= 24 ml). The extract (10 ml portions) was applied to t
column in 20 mu Tris-HCI buffer (pH 7.5) containing 0.5nmdithiothreitol and 0.54 K,SO,. After
the elution of non-sorbed proteins, the column was eluted with buffer lacking potassium sulfat
plication at pointA) and the procedure was completed with the elution using 30% propan-2-ol i
same buffer (application at poiBf). The solid line represents absorbance at 280 nm, the dashec
shows the activity of lactate dehydrogenase (recalculated to the same scale)
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Fic. 2
Hydrophobic chromatography of crude extract from carp hepatopancreas on lontosorb\Rke2§l rfil).
All conditions are the same as in Fig. 1
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The results obtained by the thiophilic chromatography were compared with e
methods: anion-exchange chromatography, dye-ligand affinity chromatography,
Cu?*-immobilized metal-ion affinity chromatography and hydrophobic interact
chromatography on phenyl substituted bead cellulose. The results shown in Te
indicate that the specific activity of resulted purified enzyme is significantly lo
compared with thiophilic chromatography.

The purity of carp lactate dehydrogenase isolated by the method described in
paper was tested using gel chromatography on Superose 12 HR 10/30 (Pharmacia, U
As shown in Fig. 3, three peaks are present in the chromatogram. The firdR, ene
26.78 min) is free of lactate dehydrogenase activity and contains 10% of all p
according to peak area and 12.5% according to peak height. The secorl-028.09
min) contains 1.25% of total protein according to peak area and 4.4% according tt
height. This second peak represents the minor part of lactate dehydrogenase &
The major part of activity is concentrated in the third pdak=(29.83 min.), which

TasLE Il
Isolation of lactate dehydrogenase from carp hepatopancreas by various chromatographic me

lontosorb L Specific activity T
chromatography Activity yield U/mg protein Degree of purification
DEAE- 103.7 4.51 3.79
Blue- 106.4 4.28 3.6
Oxin-CUP*- 56.7 2.63 2.21
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Gel permeation chromatography of purified carp hepatopancreatic lactate dehydrogenase
Superose column 12 HR 10/30 (Pharmacia, Uppsala)
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contains 88.6% of total proteins according to peak area and 83.1% according tc
height. The enzyme purity is supposed to be more then 83% and less than 88% ¢
ing to these results.

The molecular weight calculated from gel chromatography is approximately 26
which is lower compared with the mammalian enzyme.

The purification methods usually used for purification of mammalian and bird la
dehydrogenase (see Introduction) give much worse results for carp enzyme (de
purification as well as resulting specific activity) as shown in Table 1.

Thiophilic sorption was originally developed for the isolation of immunoglob
There is a pronounced difference in sorption of these compounds between hydro
and thiophilic sorbents. In spite of this, these gels differ even more markedly i
sorption of the carp hepatopancreas lactate dehydrogenase.

In our opinion thiophilic chromatography of carp lactate dehydrogenase on a
philic gel represents a new area of utilization of these sorbents and provides a
bility to use them for isolation of other enzymes as well. On the basis of present re¢
it can be expected that thiophilic sorption can be used for preparative separat
lactate dehydrogenase from carp hepatopancreas. The separation procedure
complemented with negative sorption on a hydrophobic sorbent.

This research was supported by the Grant Agency of the Czech Republic, grant No. 509/95/0

REFERENCES

. Porath J., Belew MTrends Biotechnol1987, 5, 225.

. Wilchek M., Schwarz A., Kohen FReact. Polym1994 22, 259.

. Belew M., Juntti N., Larsson A., Porath J.:Immunol. Method4987 102 173.

. Porath J.Biotechnol. Prog1987, 3, 14.

. Kucera J. inBiotechnology of Food and Feed Production, Budapest (Hungary) June ,13
1988, Proceedings p. 161. Technical University, Budapest 1989.

O~ wWNPFP

6. Compagnone D., Mosca A., Palleschi Gnal. Lett 1995 28, 2475.

7. Scheller F. W., Pfeiffer D., McNeil C. J., Schulmeister Biosens. Bioelectranl995 10, 169.
8. Casy G., Lee T. V., Lovell HTetrahedron Lett1992 33, 817.

9. Tsamadis G., Papageorgakopoulou N., Clonis Y Bihprocess Eng1991 7, 213.

10. Makriyannis T., Clonis Y. D.Process Biochenl993 28, 179.

11. Lumpkin J. A., Krishnamurthy R., Madurawe R. D., Bush K. Biatechnol. Prog 1995 11,

653.

12. Chaga G., Andersson L., Porathdl.Chromatogr 1992 627, 163.

13. Mattiasson B., Ghose SBiotechnol. Appl. Biochemi993 18, 311.

14. Bergmeyer H. U., Berut E. iMethoden der enzymatische Analyse U. Bergmeyer, Ed.), Part |,
p. 607. Springer, Berlin 1974.

15. Hartree F.Anal. Biochem1972 48, 422.

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



