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ANALYTICAL BlocEZMIS(RY 49, 474-478 {1072)

Enthalpy of ‘Decomposition of Hydrogen. Peroxide
by Catulase: at 25°C (with Molar Extinction
Coefficlants of HiO2 Solutions in the UV)t

DENNIS P, NELSON axp LUTZ A. KIESOW

Ezxperimental Medicing Division, Naval Medical-Rescarch Institute,
Bethesda, Marpland £0014

Recefved February 10, 4072

Theriwonnalytical methods are becoming.incrensingly significant ng re-
searcli tools in biochemistry (1-3). The heat of reaction is generally a
vary specific indication of the extent of reaction, Ieat measurements are
of particular advantage for these systems in which spectrophotometric
techniques are complicated by absorbance or light scattering of the
sample.

Reported here === thie aH value for the decomposition of H,0; solu-
tions by catalnse (EC 1,11.1.6) at 26°C and the molar extinction coeffi
cients of H:0; at the wavelengths 245, 240, 235, and 230 nm, In pure
solutions, peroxide concentrations can be determined. directly from the
optical absorbance. Solutions ¢zutaining components which adsorb light
in this region, however, cannot be assayed by a direct spectrophotometric
approach, In this eanse, a ealorimetric assay based on the heat of decom-
position of hydrogen petoxide is useful. Biochemical reactions that cither
utilize H,0, ns substrates or produce 1.0, as a reaction produet can then
he monitored calorimetrically in direet or coupled roactions. In addition,
oxygonntion reactions (4) that are concerned with the effect of changing
partial pressures of Oz ean ho studied in a closed system calorimetrically
by generating oxygen gas in situ through the decomposition of 11,0, with
cutnlase, The enthalpy change associnted with the decomposition of
11:0., onee it is known, ean then be subtracted from the total enthalpy
change,

MATERIATL AND MIETHODS

Hydrogen peroxide solutions (~0.02.M) were prepared using Mathe-
son, Coleman & Bell 30% hydrogen peroxide solution containing 0.05%

'From the Burean of Medicine and Surgery, Navy Department Research Subtask
MRO11.20210368, The opinfons nud statements contained herofn nre the private
ones of the wiiters and nre not to be construed ns official or reflecting the views of
the Nuvy Dapertment or of the Nuval Service at Large.
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sodimn pyrophasphate -iis 4 preservative, Solutions were prepared in - .

0.164 M NaCl solution, Picneer Chemical, ACS. reagent, with EDTA- i =
disodium gnlt (06,0601 A1) Mnlliuckrodt,»n.?t., added as o findl peroxide ]
stabilizer, \Cntnluso (from Anpermllua mgcr) was vhtalied from. Cnlbm-

,,,,,

‘. of catalage todOOml of the Nn’"‘l-LDTA stotk salution, » -
i Concentrations -of :the. hydrogcn peroxide- gblutions were initially de-
{7 termined by titration.with KMnOq-Mallinckrodt, AR, which was stan- :

dnrdized ngainst oxaliz acid, Titrisol pre-stardardized ampules, B, Merek:
& Co. Optical dunaities of llm H,0, solutions weremeasured ab 245, 240,
235, and 230 nm o 2. Zeiss mode) PMQ 11 speetrophotometer, ane-
length ealibration of mo spectrophotometer ‘wus nécomplished . using two

‘ -emission lines of the hyumgen light, source, A, #econid ing Icpcncien% deter-
; mination of 1,0, wag pcrfarmclbmaﬁov‘ctr&cuiiy at 25°C in n Warburg
apparatus, using- -entalnse ag the decompaosition eatalyst in the side arm
-and=mersuring the-pressire change duc to the evolvet! oxygcn. The totnl
volwiie of the Warburg vessels was ~20 ml with a :ml fluid volume,
Approximately 25 pmoles H,0, were decomiposed in each vun resulting in:
pressure changes of roughly 170 mm Brodie’s solution. The finnl catalnse
«concentration nfter mising was 100 pg/3 ml. The extinction coeflicients
determined by the two ind"pcmlcnt methods agreed very well and the
vilues abtained hy both methods were averaged.

Calorimetric measurcments-were performed en a Beekman 190B miero-
calorimeter, Beckmpn Instruments Ine., Polo Alto, Califernia, using
standurd glass vessels with two drop wells, 15 ml of enfalase solution,
prepared as above, were placed-in the anntlar sprice of. Hre- renction ves-
sel and o precisely metered volume (0.2-04 ml) of ;0. solution was
placed in the drop wells. Peroxide concentrations were enleulated using
- the mensared shsorbance of the solution at a wavelength of 240 nn with
| a 1 cm optical puth length and the extinetion- coeficient reported here,
i Heat of dilution measurements were made in the abhsenee of eataluse and
subtracted from the hieat values observed in the decomposition runs, The
enlorimeter was enlibrated using the avid-baxe neutralization reactios
NaOIl + HCl— NaCl + 1,0 at 25°C. The enthalpy value 1337 keal/
mole was nssigned to thiy reaction st this temperature, Calibration re-
actions involving the protonation of tristhydroxymethyl) nminomethane ;
also yielded the snme calibration factor for the enlorimeter within the
standard devintion of the standardization runs, :
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RESULTS

A value of 0.0384 % 0.002 o jumole was obtained for the extinetion
cocfiicient of 11,0, at 240 nm, This value s valid st concentrations 0.02 M

A




476; NELBON AND KIESOW

and .below andiis within the region of linearity as Indicated by dilution
experiments, The Isvionic saline-EDTA . solution was used as a speetro-

“photometric blank and therefore did not contribute to the obaerved abe

sezbance. The possibility that the sodium-pyrophosphiate contained in-the
original. 3,05 solution might contribute to the.Kbsorbance at 240 nm was
inveatigared and: found to be Ansignifieant. in the concen’iation . ranges
studled, Valdes for the absorption cocificient: taken &iom the liternture
(0.030 ¢m?/pmole akd. 0.0436 erid/pmodo) exhibit n wideveeinnoe-(6,6).
T% value reported here i8 foughly the meat of these two values, The:
valifes for the exitaction cocfficients at the four wavelengzhe are:

248 nm = 0,0308 =& 0.0003

240 nm o 0,0904 400002

235 nm = 010500 = 0.0000

2505 0,0024 £ 0,0013

“THe swntnre F=yiations-fopreseni- U afforin 121 mtions and 18 maao-
metric mensurements. The oplica? dind-banee was meesured at the fime
waveletigthis for each indeperdent Jetermination of concentrgtion.

The vidug for the Al of decomposition was determined. to he

2.0 4 0.3 kenl/mols

for-the regction

extalase
104 i memmimy 1,04 14 Uy

At 25°C. Binen the reaction vessel in which the decomposition takea yplaes
I8 0 closed vewel, the oxygan gas produced In-the reactlon ean eivse a
pressure changs in the vedsel. The hieat rhnnge in the reaction does not
they reflect Identieally the Al of the regrtion. A pressure “hange of 1.4
mm Hy, caleulated frond the millimoles of O, produced i a typieal de-
composition renctiun is so small, however, compared with atmospheri
pressure, that the heat lutegpe abserved is equal witlin the standard crror
of the ealorimetrie procedure to 2he AT of the reaction

DISOURION

The determisation of brat change i sravmie reges-ona involving hy-
dagen peroxisie bs cften the moat com enient method- 2r ohserving these
renetlons Thie megausetment is dependen. only upon the hieat of The res
netion which produves a2 utthzes H:0, asd upon the Leat of decomgunivien
of 1.0, by ratnlase Cambination of mensarsd heat valaes with thy dee
composition etsthalpy reported hess yichls 3H cxluew for vhusen casvaie
reattions involving 150, Heat of teaetion values eun then be o late] 1o
changes i 10O, cmeentration using thoe A1 salue fie that veaction




e e Ao smpemil e o s & st e samans st 3

- sl -t e PN AR /
N LT e . woovoo 0y EEEN P R R TR TS A e G A WS A?‘A\W

s -

ENTHALPY' OF “H,0; DECOMPOSITION 471

Examples of ¢nzymie reactions amefinble to such vreatmerit ineluds
those utilizing H.0; as substrate, e.g., catalase and pero#ilnse, those pro-

ducing 150, ag a producr, e.g, glucoss oxidase, anthife oxidase, and

pining acid oxidnge, and those which can be coupled to reactions which
involve .0, dircetly. Reactions which afe direetly converned with the
metabolismt of oxygen éan be studied in a single phase by producing (1,
partial pressures in the Tiquid phase tarsugh the decomposition of H,0,,

affd by then monitoring heat effects aroeinbad with the eonsumption of:

this oxygen. A parieular example of the latfer is the o:ygenation of
hemoglobin by the aesociation of deox- hemoglohin with the 9, produced

by tihie 15,0, decomposition reaction. Sfudiesof the infliene of various

metabolites on the enthalpy of oxygenation of desxybemoglobin art
underway in this laboratoyy:

The value for the 3 of decorpoarior £ HU, in licud solution f,
beenr repovied: i the htemture b9 rovedic mvicSiStors 0057 o T
~22.7 keab mole. It iz reporfed to be rather insensitive fu coneentration
and temperatute changes The decompusition of HoU, by eatalase 4t véry
low concentrations has not Lees studied, howsver. Reportod values were

determined at much higher roncentrat:ony and conrselv extenpolated to

dibste solutions. Differences in the SIF values repsrted in the literature
and that reported here are not padticdarly surprising smee the values
ebtained in the Jiterature were deternined by somewhinr indirect methody,
and thie ehoice of rafalyst and ionie strength of the ~olution are quile
different. The value reported here is, of course, more applicable 1o bio~
¢hemical investigations sinee it involves un enzymic decomposition eatn-
tvst and a physiological fonie strength,

AURMMALY

The wnthalpy «f deemnposition of hvlregen peroxide hy eatalase has
heen determmo} calorimetrieally in bsotonie saline solutions af 25°C
Extinction roeflicients are oleu roported for hydrogen peroxide solutions
in the ulfraviolet
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