Lactate Dehydrogenase: Isolation, Purification Snd

Kinetics
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Kinetic studies indicate that there is a compulsory binding order:
PYR LAC
E + NADH ———= E-NADH _—’;: PYR-E-NADH —— {AC-E-NAD® ‘T~A E-NAD" —== E+NAD"
PYR LAC

The rate of the reaction can be followed by monitoring the absorbance of NADH at 340 nm
(the oxidized form, NAD*, does not absorb at 340 nm).

In this experiment, LDH will be ex'(racted from. bovine heart mu.sple.and partial purification
will be accomplished by successive ammonium sutf:?te precipitations. This crude LDH
preparation will be further purified by Affi-Gel Qlue affinity chromatography. The increase in
specific activity will be used as an indication of thg degree of -puﬁﬁwtion achieved.
Furthermore, the Kn and Ve of LDH for pyruvate will be determined, and the type of
inhibition produced by an unknown inhibitor and its K; will be ascertained.
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experimental Procedure

pay 1 Extraction and Partial Purification of LDH

dass. cary out the following:

i ixture of 125 g of minced h
1. O i i €an muscle gng
10500 M sodium phosphate, pH 7.00 in a Waring b| nd 400, mi of ;
go volts. Between each burst, place blender on 'og f:ggesrevgm four, 3 o /@ cold

As @

ivide the homogenate equally among three 250
Centrifuge the homogenate at 14,000 rpm, 15 min, 4 e mL polyca rbonats

ivide up into three groups (of ~6 students each). £
heart muscle homogenate in a 400 mL beaker oﬁcihoegnlou;) should obain
* ' Your ~6 person

Theclasswmd
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group:
3. Measure the volumg of the‘supematant with a graduateq oyl
ice as much as possible during the measuring process, inder. Keep Sample on
Calculate the amount of ammonium sulfate needed to ag; : :
saturated aqueous ammonium sulfate. This will entaj) a:dlc;is;gs%pggatant to 40.0%
“€%< G ammonium

sulfate for every mL of supernatant. Weigh out the requi
ammonium sulfate. m;geiam“m of ground, solid,
2 3005 & re. i

5. With supernatant in the 400 mL beaker on ice, slowly ad :
sulfate (a little at a time) while stirring until all ammoniuym sglfggl;{’d solid ammonium
stirrer with a magnetic stir bar. as dissolved. Usg a

6. Once all ammonium sulfate has dissolved, allow supemata .
o fart chilling down two clean 250 mL polycarbonate bon'l‘;s‘% st.z;d on ice for 15

7. Divide supematant equally into the two 250 mL polycarbonate _
at 13,000 rpm, 15 min, 4 °C. Carefully decant the supemnatant intt)gtgijezgd oenmf_uge
400 mL beaker that is on ice. Measure the volume of the supem iapre-chllled
graduated cylinder, keeping the superatant on ice as much aspe &‘.blnt with a
supernatant to 400 mL beaker on ice. possible. Retumn

8. Adjust the supernatant to 65.0% saturated aqueous ammonium sulfat
gradual addition of ground solid ammonium sulfate. Use a stirrer with a ng?,)éﬁscl?é}
bar. You will need 0.166 g ammonium sulfate per mL of supematant. After all of the

ammonium sulfate is added, allow mixture to stand on ice for 15 min (
™ e Kgx K

-
-
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9. Centrifuge at 13,000 rpm for 15 min, 4 °C in two 250 mL polycarbonate centrifuge
bottles. Carefully decant the supernatant and discard it.
'2353’-03

The class will divide into six groups (of ~3 students)

10. Resuspend each pellet in an equal volume of fresh 65.0% sat'd aqueous ammonium
sulfate.

11.Swirl to break down the pellets. This sample is your “LDH suspension®.
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_Measure and record the volume of your LDH
12 refrigerator at 4 °C until the next lab period, s“spenslon. Labej ap, d .
store in

Day 2
A Preparation of Affi-Gel Blue (AGB)

1. Transfer 1.00 mL of uniform Affi-Gel Blue Suspension to thick
~Walled centrify
Qe tube.

= et Mg bt o,
00 m

2. Centrifuge in clinical centrifuge at maximum 'Pm for 5 min

3, Carefully remove buffer with Pasteur pipet leaving 0.5

centrifuge tube. Place in ice bath. L of packeq AGB in

B. Batch Purification of LDH
NOTE: Aways use different pipet tip for each different ENZymg solution

: ensi o s alre tde
1. Take 0.400 mL of LDH suspension and add 1 g of
pH 7.50 (1-5 dilution of LDH suspension).ﬁc;_iri@‘k;w) 0.050 M phosphate bfer, ) Nang

hey Oty 1 6o o, i <BM)
nsfer 1.00 mL of this LDH solution to centrify - » (pst

2. ;’; o g€ tube containing AGB. " Vortex
3. Allow mixture to stand in ice bath for 5 min, vortexing gently once B
- Pt e dyliss basia OL whec ¥ once per min. o\
4. Centrifuge for 5 min at rﬁaxinjum rpm. ,

G PS> 'SJ(\M Ay K9 D A \mV\
5. Carefully separate supematant with Pasteur pipet and discarq.
6. Add 2.00 mL of 0.0500 M phosphate bqffer, PH 7.50, vortex ang centrifuge for 5 mj

at max rpm. Remove supernatant and d d. o 0 )“9\ min

e DN R
7. Repeat step 6. Ve ML
7

8. Add 2.00 mL of Specific elution buffer (2.00 mM NADH / 0.200 M NaCl / 0.0500 M
phosphate buffer, pH 7.50) to washed"AGB from step 7 and vortex.

>SeXx on (2
9. Allow mixture to stand at room temperature for 15 min. Vortex once permin. >
. B B S \(‘\(\

10. Centrifuge for 5 min at max rpm. — & ¢ 4 Jile "w“"j ol
~ 57

1. Carefully separate supernatant with a Pasteur pipe_t and place in test tube in ice bath.
( 1 Affi-Geil Blue purified LDH solution. (B-11 solution) - >R ‘=

A3 ol & Q1
&. LDHAssay -~ Ake a ek Yube i S ® 3 aul X \ou‘&g( N
N6 nke K '..)\\0\‘ \‘c‘g\\! \n
1. Dilute 1-5 solution of LDH suspension (B-1) 1-40 with 0.0590 M p!wosphat.e buffer, ice
pH 7.50 (100 pL of 1-5 plus 3.90 mL of buffer). Place this solution on ice. ((ﬁ_

solution) o o7
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Bluev purified LDH solution (B-11) 1-10 with 0.0500 M phosphate

2. Dilute Amf g:) (100 pL of AGB puﬁﬁeq\ l\-DS\ SOI\utl\g n R'”% 0.9\00 {nL of buffer). Place
t H RO | s A\QD a0 - O\ v

g\l{lgesrf;lﬁﬁon on ice. (9:’2"§9l ution).= D oav <k \QL&Q%(

34 for spectrophotometer settings)
rocedure (see page
LDH Assay P

spectrophotometer with deionized water at 340 nm,
a. Zero |

D

place 1.00 mL of ae\i;nized water, 1.00 mL of 0.100 M phosphate buffer, pH 7.00,
b. Place 1.

vate;-and 0.200 mL of 1.50 mM NADH in & glass
0.700 mL of 0.500 mM pyruvat 0 U N g

cyyette. Al these solutions are kept at room temperature.

th parafiim, mix by inversion and observe Auq (-0.6 - 0.55),
C Cover with para A\ e ‘ ‘\——-—-—
atic pipet to add 100. pL of C-1 solution, mix assa
d. gs?niggi‘gﬁ";nd i;g\ediatéfy place cuvette in Biospec-1800 in
rr?easure initial rate. See p. 34 for parameters (LDH).
-\l '5'/\A,lc\ \O{ L{A‘é\
6. Repeat b-d using 100. L of C-2 solution (instead of 100. L of C-1 solution). - ok,
o. Repeat b-d using 100. pL

f Dilute C-1 and C-2 further if rate is too fast to read accurately. It is too fast to read
" accurately if the absorbance drops to zero before the run ends.

y solution rapidly
kinetics mode to

g. Cover test tube containing remainder of B-1 solution with parafilm and place In
beaker in refrigerator. You will determine the protein concentration in this solution
next lab period.

7>
D. Dialyze sample in two separate bags. Add the remaining B-11 solution to one of the bag
and add 2.00 mL specific elution buffer to the other bag against 800. mL of deionized
water at 4 °C. Dialysate will be changed before next lab. NADH must be removed as it
interferes with protein assay.

1. Cut two, 3-inch pieces of dialysis tubing and place in 200. mL of deionized water for
~10 min. :

rk
2. Prepare the two samples for dialysis as shown below. Place clips to give "tight"
dialysis bags. Tight

dialysis bags are important to ensure that neither sample
becomes diluted by osmosis or “lost” due to leakage out the ends of the
dialysis tubing.



\ string
orange clip =
: —tag
deionized o
water ™ dialysis bag
containing
white clip / \_ J ~2mL sample

3. Use a clean Pasteur pipet to transfer each sample.

, W Bl
4. Cover dialysis beaker with sealwrap and place in cgld room. Sat LDV

e,

E. Using the rate (AAs/min) you observed for the C1 solution in part C3, calculate the

dilution of the original AS suspension of LDH required to give a rate of 0.28 Aas/min
under the same saturating conditions.

ot ge - % ( 20Q)
diution required = (rate observed)(dlnluhon made) < ___ L
(rate required) A.2%
Day 3

A. Protein determination:

1. Transfer dialyzed samples to new, clean test tubes (provided
Pasteur pipet and clearly label the tubes.
2. Bradford assay procedure:

) using clean

a. Label 10 clean test tubes. Add the protein solutions as shown below.



_—"_ standardCurve  T———

T )
st tube MR —— — 17 s,
\
gh concentratio, o | |5 425 | 0,250 | 0.500 | 0.750 | 1 —2_1 10 |
o L - ———1 100 | __
ﬂglﬂ’)’/‘i — = — | __
e (mL) ¥ 0 0.100 | 0.100 | 0.100 | 0.100 0.100 ———
BSA voluM : T e e e
’ua’tgf,(,"l'ﬁ/ 0100 0 0 0 O‘A —
E1),_,25 dilution of B-1 N . . T
jution (ML ——— | 0.100 | —
?0_,,50 dilutiOn Of B-1 o . - \\_:
jution (mb ——— | —— | 0.100 | ——
So?alyzedv affi-Gel . = |
glue (B11) (ML) —— == | — | 0.400 | —
Dialyzed, specific L —— 1 0.100 | — |
elution dmL = — | 2100
Bradfofd 33 3.00 | 3.00
| rea e?témlﬁ — 3.00 | 3.00 . . 3.00 3.00 3.00 | 3.00 3.00 | 3.00
*Test tube
blank for tubes 2-10.
| blank for tul

Test tube #1 serves as a blank for tubes 2-10
b. Mixing content in each test tube by vortexing

c. Let the test tubes sit at room temperature for 5 minutes.

d. Set the wavelength to Ases. Zero spectrophotometer with test tube #1 and
measure for test tubes 2-1 0. Q\/\,Lr\ovd.)v\:l &

A. Enzyme Kinetics

Note: the purpose of steps B1 and B2 is to find a dilution of enzyme that will
give a rate somewhere between approximately 0.25-0.30 AA;,/min for use in
Part B3 enzyme kinetics work. If the slope is less than approximately 0.25, the
signal-to-noise is too low to easily see kinetic inhibition by your unknown
inhibitor in part B5. If the slope is much more than approximately 0.30, the
NADH will become depleted before the spectrophotometer run ends (during
runs containing higher concentrations of pyruvate), which throws off the

slope i‘hat will be reported by the spectrophotometer.
X

S \0 30 .
@/ Determine the appropriate dilution of your AS suspension required. Start by making

the dilution you determined you would need in part “E” on Day 2. You may wish to
use a two-step dilution procedure if the total dilution is greater than 1100 (such a
dilution might also be expressed as 1:100 or 1/100) and round the number off. For
example, if your CALCULATED dilution factor from Part E above was 483, round to
480. Using 0.100 M phosphate buffer, pH 7.00, make a 1to 10 dilution of a 0.100 mL
sample of your ammonium sulfate suspension of LDH(*). Take 0.100 mb of th|s%
solution and dilute with 4.70 mL of pH 7.00 buffer (1 to 48 dilution) to give 4..80 m[_ 0
a 1 to 480 dilution of your ammonium sulfate suspension of LDH. This dilution might

be expressed in your notebook or in a protocol as follows:
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2. Meas
roce
zpmo/min. you do

ITIAL RATE of the solution in
ure thdeesltls\lribed in step B.3.b. below). If th
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/ lculate a corrected dilution factor. If you used a
calc
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st the magnitude of the second

“
L’ﬁie 4 }n?nimum of 3 mL of LDH stock solution for kinetic runs,

. ilute
ing 0.100 M phosphate buffer, pH 7.00, di
: gus;:%nsion of LDH to give a rate of 0.25-0.30 AA

b. Assay procedure to check LDH dilution

1. Blank spectrophotometer with deionized wg@gt %gg_@.

- y
ce 1.00 mL of deionized water, 1.00 mL of 0

: ;ISO 0.700 mL of 0.50 mM pyruvate, and 0.200

cuvette. All fhese solutions are kept at room temp

3. Mix by inversion and observe Ay (~0.50-0.§5).

4. Using an automatic pipet, a’dq 100. L of the solution fro 33

- —

erature.

your original ammonium sulfate

min. Keep solution on ice.
240/ Sep solution on ice

the desired LDH stock solution.
rm that it is within the desired

3 Olhe,

00 M phosphate buffer/pH
mL of 1.50 mM NADH in

a9}

‘ i i i i i lace cuvette in Biospec-1800 in
. Mix rapidly by inversion and immediately p
° kineticsp mgde to measure initial rate. See p. 34 for parameters (LDH).

4. Determination of Ve and K, for pyruvate.

a. Blank initially with deionized water.

b. Make mixtures in the cuvette.

\OOV\

¢. Use automatic pipet to add 0.10 mL of LDH last.

d. Use the following protocol for solution preparation.

} 3 4 5 6
RUN#| 107 2
0.200 | ,0.200 { 0.200 | 0.200 | 0.200 | 0.200
mL of 1.50 mM NADH . : ,\0 200 | 0.300 | 0.500 | 0.800 | 1.10
jury 0.1000% "0, : : : :
mL of 0.50 mMm pyruvate 00 100 1.00 1.00 1.00 1.00
mL of 0.100 M phosphate pH 7.0 - :

\F




L of delonized water

1.8

15

1.4

12 | 0.90 | 0.60

mL of LDH stock solution (add last) | 0.100 | 0.100 | 0.100 | 0.100 | 0.100 | 0.100
oY
5. Use the following protocol to determine unknown Inhibitor type and K;.
RUN#| 7/ | 8 0 10 | 11 | 12

mL of 1.5 mM NADH 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.200
mL of 0.5 mM pyruvate 0.100 | 0.200 | 0.300 | 0.500 | 0.800 | 1.10
mL of 0.10 M phosphate pH 7.0 1.00 | 1.00 | 1.00 1.00 1.00 | 1.00
mL of delonized water 150 | 1.40 | 1.30 | 1.10 | 0.800 | 0.500
mL of 5.0 mM unknown nhibitor 0.100 | 0.100 | 0.100 | 0.100 | 0.100 | 0.100
mL of LDH stock solution (add last) 0.100 | 0.100 | 0.100 | 0.100 | 0.100 | 0.100

The concentration of NADH, pyruvate and Inhibitor are thelr stock concentrations.

These are not their final cuvette concentrations.
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