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SUMMARY 

Aldose reductase (aldltol N A D P  + oxldoreductase,  EC 1 1 1 21) f rom calf hver 
has been purified 340-fold using techniques which included molecular sieving and 
electrofocusmg On polyacrylamlde-dlsc gels the purified enzyme yielded two ant~- 
gemcally s~mdar bands, with only the top band exhibiting enzymatic actwlty by the 
zymogram staining method Sodmm dodecylsulphate gels indicated 30 500 as the 
Mr of  the monomer  The Mr of  the active enzyme was 61 000 f rom Sephadex G-100 
The active enzyme appeared to be a dlmer composed of  two 30 500 Mr monomers  The 
lsoelectmc point  was p H  8 25 N A D P H  and N A D H  were found to have apparent  
Km values o f  14 and 0 22/~M, respectively The enzyme was inhibited by increasing 
the ionic strength above 0 01, by sulfhydryl lnhlbltors, and by 5 ' -AMP At  pH 7 0, 
the forward reaction was the essentially irreversible reduction o f  g|yceraldehyde by 
N A D P H  

INTRODUCTION 

The reaction catalyzed by aldose reductase (EC 1 1 1 21) can be represented as 

aldose (or aldehyde) + N A D ( P ) H  + H + ~ aldltol + NAD(P)  + 

This enzyme together with polyol dehydrogenase (polyol N A D P  ÷ oxldoreductase, 
EC 1 1 1 14) comprises the sorbltol pa thway which has been found to be the means for 
conversion of  glucose to fructose m seminal vesicles [1] Aldltol format ion has been 
~mpllcated m cataract  format ion  [2, 3] and also m chnlcal symptoms connected w~th 
diabetes [4, 5], as well as in lnsuhn release [6] In Rhodotorula  its presence enabled this 
yeast to grow on glyceraldehyde as the sole carbon source [7, 8] Studies in brain 
showed ~t was lmphcated in the metabohsm o f  aldehydes formed f rom blogemc 
amines [9-11] It has been lmphcated m the metabohsm of  other tissues [12-26] 

Abbreviation HEPES, N-2-hydroxyethylp~perazlne-N'-2-ethanesulfonlc aod 
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This paper describes the isolation and purification of aldose reductase from 
calf hver and presents ewdence of its functional subunit as a dlmer Also, other general 
propemes are presented 

EXPERIMENTAL PROCEDURE 

Matertals 
DlthIothreltol, NADPH,  NADH, glutathione, and the adenosine monophos- 

phates were purchased from Sigma DL-Glyceraldehyde was procured from Aldrich 
Trizma base ((Trls)hydroxymethylammomethane) was obtained from Mann Cal- 
blochem supplied the fl-mercaptoethanol, iodoacetlc acid, and the N-2-hydroxyethyl- 
plperazme-N'-2-ethanesulfonlc acid (HEPES) Serum from a goat Immunized with 
normal rabbit serum (goat anti-rabbit serum) and goat antiserum directed against the 
Fc fragment of rabbit IgG (goat anti-rabbit IgG (Fc)) were the kind gift of Dr Carey 
Hanly All other reagents were of the highest purity commercially avadable 

Standard assay 
The reaction was followed by measuring the decrease in absorbance of NADPH 

at 340 nm as previously described by Sheys et al [8] For the purification procedure, 
the assay mixture consisted of 100 nmoles of NADPH,  10 #moles of DL-glyceralde- 
hyde, and 10 mM TrIs-HC1 buffer (pH 7 0, 37 °C) Upon addition of the enzyme the 
total volume was 1 ml The Initial velocities thus obtained were consistently repro- 
duclble and generally hnear for the first 5 man An enzyme unit was defined as that 
quantity of enzyme which catalyzed the oxidation of 1/tmole of NADPH/mln (37 °C) 
The specific actwlty was defined as the number of enzyme units/mg protein All other 
assays were performed in 10 mM HEPES buffer (pH 7), using 70 nmoles of NADPH 
and 10/~moles of DL-glyceraldehyde 

Protein determmatton 
Protein determinations were made using the bluret method [27] except for the 

protein concentration from the final Sephadex G-100 column which was determined 
by the method of Lowry et al [28] 

Enzyme purtficatton 
Livers from freshly slaughtered calves were kept on ice for 1-2 h and then 

stored frozen at --45 °C All purification steps were carried out at 4 °C The buffer 
used was 10 mM Tns-HCI  buffer + 2 mM dithiothreltol [29] The pH was as in- 
dicated at 4 °C Unless otherwise speofied all centrffugatlons were in a Sorvall RC-2B 
at 48 000 × g for 10 min 

Step 1 Preparation of the cell-free extract Approx 300 g of liver were sliced 
into thin sections after partial thawing The preparation of a 2 0 ~  homogenate (pH 
7 0) was accomplished by use of a Potter-Elvejhem homogenizer The resulting sus- 
pension was centrifuged and the lipid layer removed and discarded The enzyme was 
found to be in the supernatant fluid or cell-free extract 
Step 2 Ltptd removal and protamme sulfate treatment The cell-free extract was divided 
into allquots of 100-150 ml and then equilibrated to 30 °C for 1-2 rain tn a water 
bath The solution was then centrifuged after cooling The lipid layer was again re- 
moved and discarded A 1 ~ solution of protamlne sulfate was added to the extract 
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while stirring to give a final concentration of 0 5 mg of protamlne sulfate per ml of  
extract After equilibrating for 15 mln with the pH maintained at 7, the solution was 
centrifuged, and the precipitate was discarded 
Step 3 Actdtreatment andconcentranon The pH of the supernatant fluid was lowered 
to 55  with 1 M HC1 The solution was then adjusted to pH 7 0 w i t h  I M N a O H  
The precipitate formed was removed by centrlfugatlon The supernatant solution was 
concentrated by ultrafiltratlon The ultrafiltratlon device consisted of 0 25-inch dial- 
yzing membrane connected to a receiving funnel, the stem of which had been placed 
through a rubber stopper The membrane was placed in a vacuum flask, filled with the 
solution to be concentrated and then the flask was evacuated The vacuum was re- 
leased when the solution was concentrated to the desired volume The concentrated 
preparations (maximal total volume of 20 ml) were centrifuged m a Beckman Model 
L-2 Ultracentrifuge for 90 mln at 100 000 × g (39 000 rev/min)  using a SW-40 rotor 
The resulting supernatant fluid was dialyzed overnight against 200 vol of  buffer 
(pH 7 2) 

Step 4 DEAE-Sephadex column The dialyzed sample was then placed on a 
DEAE-50 Sephadex column (2 5 cm × 60 cm) which was equilibrated and eluted with 
buffer at pH 7 2 The appropriate fractions were pooled, the pH was adjusted to 7 0, 
and the sample was then concentrated to a maximal volume of l0 ml by ultrafiltratlon 

Step 5 Sephadex G-IO0 column The sample was divided in half and each half 
was then placed on a Sephadex G-100 column (2 5 cm × 55 cm) which was equilib- 
rated and eluted with buffer (pH 6 8-7 0) The appropriate fractions from both 
columns were pooled and concentrated to less than 20 ml by ultrafiltrat~on The sample 
was then dialyzed against 200 vol of  buffer (pH 6 8-7 0) for two intervals of 2 h each 

Step 6 Elecoofocu~mg column (pH 7-9) The electrofocuslng column (LKB 
1800) was prepared according to the manufacturer 's  instructions using pH 7-9 
Amphohne in a final concentration of 1% The gradient was formed by use of  a 
gradient maker and both the dense and light solutions were 2 mM in dithiothreitol The 
column was focused without sample for 48 h The dialyzed sample from the Sephadex 
G-100 columns was mixed with sucrose and layered at an lsodense position on the 
column Electrofocuslng of the sample was accomplished in 18-20 h using 0 45 W 
The fractions containing activity were pooled, the pH was adjusted to 7 0, and after 
dilution with an equal volume of buffer (pH 7 0), the pooled fractions were concen- 
trated to 5 ml by ultrafiltratlon The concentrated sample was then placed on a 
Sephadex G-100 column equilibrated and eluted as previously described The ap- 
propriate fractions were pooled and concentrated to 15 ml by ultrafiltratlon 

Step 7 Elect1 ojocuslng column (pH 7 5-8 5) A second electrofocuslng column 
was prepared as previously described, except that the Amphohne concentration was 
increased to 2 % After focusing the column for 48 h, it was drained and all the frac- 
tions between pH 7 5 and 8 5 were pooled and used according to the manufacturer 's  
instructions to prepare a column with an expanded gradient of  pH 7 5-8 5 This 
column was focused (without sample) for 48 h and then the sample was applied and 
focused as previously described After concentration to 5 ml, the electrofocused 
sample was placed on a Sephadex G-100 column equilibrated and eluted as previously 
described The fractions containing activity were pooled and ultrafiltered until the 
protein concentration was 500 pg/ml or greater (approx 15 rot) The purified enzyme 
was then stored at --45 °C 
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Polyacrylamlde-dlsc gel electrophoresls 
The use of  a 7 ~ gel in a pH 9 5 system [30] was found to be the most  repro- 

ducible Gels (0 5 cm × 7 cm) were run for 2-3 h at a current of  2 5 mA/gel Brom- 
phenol blue (0 05 ~ )  was used as the dye front The gels were stained for 1 h with 
0 25 ~ Coomassle blue m 45 ~ methanol and 9 ~o acetic acid, destalned electrophoretl- 
cally, and stored in 7 5 ~ acetic acid and 5 ~ methanol 

Zymogram stammg method 
Electrophoresls was accomplished as previously described Enzymatic activity 

was determined by employing the staining method descmbed by Kormann et al [19], 
substituting N A D  + for N A D P  + A posltlve reaction was indicated by the presence of 
a wbrant  pink band 

Immumzatlon procedure 
Two female white rabbits were each immunized with 200/tg of  aldose reductase 

(Step 7) Five injections were administered at intervals of 2 weeks Serum was obtained 
and stored at --45 °C 

Ouchterlony double dtffUSlOn techmque [31] 
Shdes were covered with 1 5 ~  Noble agar in 0 2 M  borate-0 15 M NaC1 

buffer (pH 8) The wells were filled, the slide was placed in a humidity chamber at 
room temperature, and dlffusxon was allowed to take place for 18-24 h After diffusion 
the slide was read and then placed in 0 15 M NaC1 for 48 h with intermittent readings 
The final reading was taken after washing in distilled water for 24 h Staining of dried 
shdes was carried out in 0 1 2 ~  Coomassle blue in 0 1 2 ~  methanol and 4 ~  acetic 
acid for 1-1 5 h Shdes were destamed m 3~o acetic acid and 5 ~  glycerol for 18 h 

Purtficatlon of lgG [32, 33] 
Sera were pooled to comprise two separate samples (1) pre-lmmune and (2) 

ant~-enzyme Each of these samples was separately treated with a 25 ~ sodmm sulfate 
solution to give successive final concentrations of  18 ~ and 1 4 ~  The samples were 
dialyzed overnight against 10 vol of  cold 0 2 M borate--0 15 M NaC1 buffer (pH 8) 
between sodium sulfate precipitations, and the final precipitate was dialyzed against 
l0 mM phosphate buffer (pH 7 5) Each of the samples was then placed on a DEAE- 
cellulose column which had been equilibrated and was eluted with 10 mM phosphate 
buffer (pH 7 5) The IgG was eluted with this buffer and then ultrafiltered and dialyzed 
against NaCl -bcra te  buffer (pH 8) 

lmmunoelectrophorests procedure [34] 
In order to determine the purity of the various fractions, lmmunoelectrophor- 

esls using 1 5 ~ Noble agar in 0 05 Ionic strength barbital buffer (pH 8 6) was per- 
formed The same barbital buffer was used in the buffer chambers The plates were 
electrophoresed for 1 25-1 5 h while maintaining a voltage of 4--4 6 V/cm After elec- 
trophoreslng, troughs were cut, filled with antlsera, and the plates were placed in a 
humidity chamber Usually prec~pltln bands could be discerned after diffusion for 24-- 
48 h for the enzyme preparations and after 18-24 h for the IgG preparations 
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TABLE I 

PURIFICATION OF LIVER ALDOSE REDUCTASE 

Pooled four punficatmns (Steps 1-3) and then proceeded w~th Steps 4-7 Results are given for four 
combined prepraratmns Procedures are described m the text 

Step 

1 Cell-free extract 
2 Protamme sulfate supernatant 
3 A o d  treatment and 

concentratmn of the supernatant 
4 DEAE-Sephadex column eluate 
5 Sephadex G-100 column eluate 
6 Electrofocusmg (pH 7-9) 

column eluate 
7 Electrofocusmg (pH 7 5-8 5) 

column eluate 

Total Total Spec act Total Recovery 
enzyme protein punficatmn (%) 
units (mg) (units/rag) 

1830 55 000 0 033 100 100 
1790 46 000 0 039 1 18 99 

1290 31 000 0041 1 24 72 
1280 1 840 0 71 22 69 
970 560 I 7 52 53 

460 135 3 4 103 25 

180 16 0 11 2 340 10 

RESULTS 

Purtficatlon 
T h e  r e su l t s  o f  340- fo ld  p u r i f i c a t i o n  o f  t h e  e n z y m e  a re  c o n t a i n e d  m T a b l e  I T h e  

ce l l - f ree  e x t r a c t  ( spec  ac t  0 033)  o b t a i n e d  f r o m  300 g o f  h v e r  c o n t a i n e d  1830 e n z y m e  

u m t s  T h e  p u r i f i e d  e n z y m e  (spec  ac t  11 2) was  r e c o v e r e d  in  1 0 %  yie ld  Al l  o f  t h e  

e x p e r i m e n t s  e m p l o y e d  t h i s  pu r i f i ed  p r e p a r a t i o n  un less  o t h e r w i s e  i n d i c a t e d  T o  p r e v e n t  

12~ 

1 5 - -  

110 ~ H o r s e r a d ~ s h  P e r o x  ddse  

X • i 05 - -  ~X~  I'c Deh 9 d r ° g e n e s e  £ 
b 
>00 I 0 0 - -  ~ l d e h L j d e  R e d u c t e s e  

X 9 5 - -  
Isoc f r a t e e  

~3 9 C - -  Dehudrogenese~ X 

85 -- ~ H e x o k  ndse  

80 I I J I I I I I 
44  45 4 6  47 48 49 50 91 

log Mo lecu la r  Wepghf 

Fig 1 Determination of the molecular weight of the enzyme using Sephadex O-100 The gel filtration 
method as developed by Andrews [35] was used The Sephadex G-100 column (0 9 cm x 48 cm) was 
both equdlbrated and eluted with 10 mM Tns-HCl  buffer ÷ 2 mM dlthlothreltol (pH 7 0) Enzyme 
from Step 7 (500 pg) was placed on the column along with 50/4 of a 1% Blue Dextran 2000 solution 
and four marker enzymes 0 3 mg yeast hexoklnase (Mr 96 000) (36), 0 1 mg pig-heart lSOcltrate 
dehydrogenase (Mr 64 000) (37), 0 5 mg pig-heart malate dehydrogenase (Mr 52 000) (38), and 0 3 
mg horseradish peromdase (Mr 40 000) (39) The enzymatic actwlty of aldose reductase and each of 
the marker enzymes was measured m the eluant 
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activity loss, it was essentml to add 2 mM dithlothre]tol The purified enzyme (Step 7) 
could be stored frozen ( - -45 °C) for at least l year and retain actw]ty 

Subunlt structure 
After electrophoresls on polyacrylamlde disc gels and staining with Coomassie 

blue, the purified enzyme was resolved into two bands wlch migrated approx 0 5 and 
1 cm into the gel When the two bands were stained by the zymogram staining method 
adapted by Kormann et al [19] for staining NADP+-glycerol dehydrogenase, only 
the top band exhibited enzymatic activity 

The enzyme was recovered in 95~/o yield in the 61 000 Mr fraction from a 
Sephadex G-100 column (Fig l) and no actwlty was found in the 31 000 Mr or any 
other region In order to exclude the posslb]hty that the Mr was being altered during 
the purification procedure, enzyme from Step 3 was placed on a slmdar Sephadex 
G-100 column Both the crude and purified enzyme had a Mr of 61 000 (In the absence 
or presence of 2 mM dlthlothreitol) 
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Fig 2 Determination of the molecular weight using sodium dodecylsulphate gels Nine marker 
proteins of  known M, were used according to the procedure described by Weber and Osborn [40] 
Gels of 10% were run at 37 °C for 2-3 h using 8 mA/gel The gels were stained with Coomassle blue 
as described m the text The following markers were used 

Marker Mr on gel 
(mare band first) 

Bovine serum albumin 67 000 + 134 000 
Pyruvate kmase 57 000 
Human 7-globuhn 50 000, 100 000 + 25 000 
Ovalbumm 45 000 ÷ 22 500 
Enolase 41 000 
Yeast alcohol dehydrogenase 37 000 ÷ 18 500 
Glyceraldehyde phosphate dehydrogenase 36 000 + 108 000 
Pepsin 35 000 
Myoglobln 17 800 
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On sodium dodecylsulphate gels also only one major band was obtained, but 
this was at Mr 30 500 with no detectable band at Mr 61 000 (Fig 2) When 0 1 ~o fl- 
mercaptoethanol was included, the same results were obtained Only trace bands 
appeared at Mr 136 000, 97 000, 23 000, and 18 500 

lmmunologtcal propertles 
Antibodies to the purified enzyme were used to determine whether the two 

bands obtained on the disc gels showed antigenic similarity Purified anti-enzyme and 
pre-immune IgG preparations were obtained f rom rabbit sera Enzymatic activity was 
inhibited (30~o) in vitro by the anti-enzyme IgG fraction When the anti-enzyme 
fraction was tested against purified enzyme by Ouchterlony double diffusion in agar 
gel, only one precipitln band resulted No precipitln reaction was observed between 
the pre-immune IgG fraction and the enzyme 

In order to demonstrate the immunochemIcal similarity of  the 61 000 and 
30 500 Mr components,  lmmunoelectrophoretzc studies were pursued The anti- 
enzyme preparation recognized two separate but antlgenlcally related components as 
indicated by two precipItln arcs which showed partial coalesence 

Enzyme samples of 37 5 and 75 #g protein were electrophoresed on separate 
disc gels, and then these gels were used as the antigen source The gels were placed on 
glass slides, covered wlth 1 5 ~o Noble agar, and antibody was placed in troughs cut 
parallel to the gel After 96 h of  diffusion, no distinct preclpltln arcs were detectable 
To enhance the visibility of  the insoluble antigen-antibody complexes, an indirect 
method was used, 1 e the lmmunodlffUSlOn plates were soaked in 0 15 M NaCI for 48 
h to remove soluble proteins and then soaked in goat anti-rabbit lgG (Fc) for 24 h at 
4 °C The plates were then soaked in saline for 48 h and then in water for 24 h After 
th~s treatment, two precIpltln arcs which showed cross reactivity were present The 
position of the precipltln arcs corresponded to the pesltion of the two protein bands 
on disc gels 

Effects oJ pH and tonic atrength 
The lsoelectric point of liver aldose reductase was determined to be 8 25 on an 

electrofocuslng column, using 1 ~ Amphohne wath a pH range of 7-9 and was con- 
firmed again using Amphohne pH range 7 5-8 5 The pH opt imum was 6 7 in 0 01 M 
HEPES buffer At 0 01 ionic strength, it was 6 6 in Tr ls-HCI buffer and 6 25 in sodium 
phosphate buffer 

At pH 7 0, only the forward reaction of the reduction of glyceraldehyde by 
N A D P H  or N A D H  could be measured However, as the pH was raised above 8, the 
reverse reaction increased to a measurable rate The pH opt imum of the reverse reac- 
tion was 9 7-10 4 m 10 mM Tris-HC1 buffer with 75 nmoles N A D  + and 100/~moles 
glycerol No reverse reaction could be detected with N A D P  + (75 -225 nmoles) and 
glycerol (100-300/zmoles) The velocity of the reverse reaction at pH 9 7 with N A D  + 
was about l0 ~ of the velocity for the forward reaction at pH 7 0 with N A D H  

Raising the ionic strength from 0 01 to 0 03 caused a decrease in enzymatic 
activity of  at least 35 ~ This effect was obtainable upon the addition of any of the 
following salts NaC1, KCI, NH4C1, L1CI, MgCI2, CaCl2, (NH4)2SO4, NaH2PO4, 
Na2HPO4, Tris-HCI,  NH4Br, KBr, KF, NaF,  and sodium acetate 
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Substrate requtrements 
Both  N A D P H  and  N A D H  were c o m p a r e d  as the py r ldme  nucleot lde  for  the 

reac t ion  at  p H  7 0 The  max ima l  veloci ty  wi th  N A D H  was a b o u t  50 ~ o f  tha t  ob ta ined  
with  N A D P H  The relat ive a p p a r e n t  Km values were 14 # M  for N A D P H  and 0 22 
# M  for N A D H  

Both  the D- and L-enant lomers  o f  g lycera ldehyde  were capable  o f  serving as 
subs t ra tes  Both isomers  had  the same max imal  v e l o o t y  of  1 4 pmole s /mln  per  mg 
pro te in  and  close a p p a r e n t  Km values o f  3 0 and  2 1 m M  for the  DL-racemlc mixture  
and the Dqsomer,  respect ively 

Substrate profile 
Aldehydes  and aldoses  o f  vary ing  concent ra t ions  were tested as subst ra tes  

(Table  I1) 
The enzyme was found  to reduce shor t  chain (2-5 carbon)  ahpha t lc  a ldehydes  

giving the greatest  veloci ty for  n -bu tyra ldehyde  (spec act 26) p -Ni t robenza ldehyde ,  
benza ldehyde ,  and  DL-glyceraldehyde were reduced  at  abou t  ha l f  the  ra te  ob ta ined  for  
n -bu ty ra ldehyde  

TABLE II 

SUBSTRATE PROFILE 

The assay cuvette contained 100 nmoles of NADPH and substrate m the concentration m&cated in 
10 mM Trls-HCI buffer (pH 7 0, 37 °C) 

Substrate Concn Spec act Relative 
(umts/mg) activity* 

(%) 

D-Glucose 21 mM 0 010 0 08 
D-Frucose 21 mM 0 018 0 15 
D-Galactose 21 mM 0 018 0 15 
D-Rlbose 21 mM 0 018 0 15 
D-Xylose 21 mM 0 026 0 22 
Dlhydroxyacetone 21 mM 8 8 73 0 
DL-Glyceraldehyde 10 mM 12 0 100 0 
p-Nltrobenzaldehyde 250/~M 14 4 120 0 
p-Hydroxybenzaldehyde 650 ktM 0 27 2 3 
Benzaldehyde 650 #M 14 3 119 0 
Acetaldehyde 650 #M 16 3 136 0 
Proplonaldehyde 650 #M 23 3 194 0 
n-Butyraldehyde 650 t~M 26 1 218 0 
n-Valeraldehyde 650/~M 4 3 36 0 

* The actlvlty obtained with DL-glyceraldehyde was chosen as 100 

Sulfhydryl compounds 
In o rde r  to pur i fy  the  enzyme,  it  was found  necessary to  add  a sulfhydryl  com-  

p o u n d  The  enzymat ic  act ivi ty  was s tab lhzed  by 2 m M  dlthlothre~tol  Other  sulfhydryl  
c o m p o u n d s  such as f l -mercaptoe thanol ,  glutath~one, and  cystelne were less effective 

Dmlys ls  o f  the  enzyme agains t  buffer w~thout &th lo th re l to l  caused a loss of  a t  
l eas t  35 ~ o f  the  act ivi ty  However ,  mos t  o f  this  act ivi ty  was recoverable  upon  eqmhb-  
r a t ion  with  d l th lo th re l to l  (2 m M )  
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Dlthiothreltol was a competitive lnhlbltor when either glyceraldehyde or 
N A D P H  was the variable substrate When glyceraldehyde was the variable substrate, 
the K, was 4 8 10 -4 M for the dialyzed enzyme (l e enzyme-dithlothreitol) When 
N A D P H  was the variable substrate, the K, was 6 3 10 -4 M 

fl-Mercaptoethanol was also a competitive inhibitor when NADPH was the 
variable substrate The K, was 4 2 10 -4 M for the dialyzed enzyme 

Sulfhydryl blockmg reagenta 
The effect of various sulfhydryl blocking reagents was examined HgC12 (10 

nmoles) precipitated the enzyme p-Hydroxymercurlbenzoate inhibited the enzyme to 
the extent of 75 ~o when present m a concentration of 10 nmoles In the presence of 20 
nmoles, the enzymatic activity was 90 ~ inhibited Iodoacetlc acid (500 nmoles) also 
inhibited the enzyme about 50 ~,, 

Other lndtbltors 
In the present study, both sulfate and pyrophosphate were competitive lnhibi- 

tots when N A D P H  was the variable substrate The K, was 2 0 l0 -4 M for (NH4)2SO4 
and 12 4 l0 -4 M for Na4P207 

Adenosine monophosphates were competitive mhlbltors when N A D P H  was 
the variable substrate The inhibition constants were 2'-AMP, 370 l 0  -6 M ,  3'- 
AMP, 910 10 -6 M, 5'-AMP, 2 9 l0 -6 M, and cyclic Y, 5'-AMP, 83 10 -6 M 

Stablhty propertte~ 
The enzyme was inactivated at 50 °C after l0 mm Repeated freeze-thawing 

resulted m loss of activity At any stage of purification the enzyme could be stored at 
--45 °C with little or no loss of activity 

DISCUSSION 

The active hver aldose reductase is beheved to be a dlmer This was supported 
by the quantitative recovery of aldose reductase m the 61 000 Mr fraction of Sephadex 
G-100 as well as the positive enzyme zymogram staining of only one of the two bands 
obtained on disc gels, although both bands were antlgemcally related On dodecyl- 
sulphate gels, the data suggested the nearly quantitative conversion to the 30 500 Mr 
fraction Although a number of aldose reductases have been described from mammah- 
an and mlcrobml sources, incomplete data was available to indicate a functional sub- 
unit structure 

The lsoelectrlc point of hver aldose reductase was found to be pH 8 25, as com- 
pared to pH 5 05 for aldose reductase from Rhodotorula [8] and pH 4 9 for aldose re- 
ductase from calf lens [24] 

Both D- and L-glyceraldehyde were substrates for the reductase Similar results 
had previously been reported for aldose reductase from Rhodotorula [8] Even though 
a greater max velooty was attained with N A D P H  as compared to NADH,  the ap- 
parent Km for N A D P H  was over 60 times higher than for N A D H  Slmdar results were 
found for the retmol reductase from rat intestine [16] The enzyme was found to re- 
duce short chain allphatlc aldehydes as well as cyclic aldehydes and some aldoses The 
relative activity was found highest for several non-aldose aldehydes including n- 
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butyraldehyde and proplonaldehyde From the results of the substrate profile m Table 
II, it was evident that this enzyme could best be classified as an aldose reductase 
(alditol N A D P  + oxldoreductase, EC l 1 1 21) 

(NH4)2SO4 and Na4P207 were competitive lnhlbltors when N A D P H  was the 
variable substrate Similar Inhibition has been reported for the aldose reductase from 
Rhodotorula [8] and for the glycerol dehydrogenase from rabbit skeletal muscle [19] 
However, the aldose reductase from calf lens [24] was activated by the addition of 
sulfate 

Dlthlothreltol was found to stabilize the enzyme and also was a competitive 
inhibitor for both substrates The fact that this compound exhibited this inhibition 
pattern could be due to structural resemblances to both substrates It  is also possible 
that dithiothreltol was only a partially competitive inhibitor and that its inhibitory 
effects were due solely to alterations in the affinity of  the enzyme for the substrates 
rather than actually acting at the active site Under these conditions, dlthlothreltol 
would be altering the conformation of the enzyme Although the exact nature of the 
competitive inhibition has not yet been determined, considering the fact that dlthlo- 
theltol stabdlzes the enzyme, it seems most likely that the compound was a partially 
competitive inhibitor 

The adenosine monophosphates were competitive lnhlbltors when N A D P H  
was the varmble substrate The K, for the 5 ' -AMP was about 30 times lower than for 
the cyclic compound and 120 times lower than for the 2 ' -AMP isomer The order of  
these inhibition constants along with the fact that either N A D P H  or N A D H  were 
effectwe as cofactors m&cated that the 5'-phosphate moiety was the most necessary 
phosphate group for binding to the enzyme Since the T - A M P  Isomer was a competi- 
tive inhibitor, and with N A D H  as cofactor the reaction reached only half of the velo- 
city reached with N A D P H  as the cofactor, it was possible that the additional 2'-phos- 
phate moiety of N A D P H  enabled it to be bound at the active site less tightly since the 
apparent Km values for N A D P H  and N A D H  were found to be 14 and 0 22/~M, re- 
spectively Thus the binding at the T-site could have caused a change in the conforma- 
tion of the active site such that the binding at the 5'-site was now not as tight as ~t would 
have been ff there was no phosphate moiety bound at the 2'-site This could account 
for the increased maximum velocity obtained with N A D P H  as the cofactor 
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