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Effect of N-tris (Hydroxymethyl) Methylglycine and N-2-Hydroxyethyl-piperazine-N'-2-Ethanesulfonic Acid Buffers on Linolenic Acid
as a Substrate for Flaxseed Lipoxidase
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Abstract. The delay in, or loss of, flaxseed lipoxidase activity in N-tris (hydroxymethyl)methylglycine and N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid buffers with linolenicacid as a substrate appears due to an alteration of the lipid micelle. FlaxEeed lipoxidaseactivity is dependent on the ionic strength of the assay solution. These effects are not observedwith linoleic acid as substrate. The influence of these 2 buffers on linolenic acid mic.lles
may have a direct bearing on recent reports of chloroplast structure and activity in these buffers.

In 1966, Good et al. (5) described a new series
of zwitterionic buffers for biological research. The
commercial availability of sonme of the buffers
prompted their use in our laboratory. These buffers
were better than coniventional buffers in the Hill
reaction and in the phosphorylation-coupled oxidation
of succinate by bean mitochondria. The superior
niature of these buffers was partly explained by their
zwitterionic form and enhanced buffering capacit.
However, there were also some indeterminate fac-
tors which contributed to their effectiveness. This
paper reports a possible explanation for one of these
factors.

Materials and Methods

The buffer chemicals used throughout this work
were purchased from Calbiochem.2'3 Linoleic and
linolenic acids were obtained from the Hormel Insti-
tute, Austin, Minnesota. The substrates for the
lipoxidase assay were prepared by emulsification
with Tween 20 according to Surrey (11). Linoleic

1 Research Chemist, Crops Research Division, Agri-
cultural Research Service, United States Department of
Agriculture, in cooperation with the North Dakota Agri-
cultural Experiment Station. Published with the ap-
p)roval of the Director, North Dakota Agricultural Ex-
periment Station as Journal article No. 159.

2 The mention of firm names or trade products does
not imply that they are endorsed or recommended by the
United States Department of Agriculture over other firmsor similar products not mentioned.

3 The buffers used were: N-2-hydroxyethylpiperazine-N'-2-ethane sulfonic acid (HEPES); N-tris (hydroxv-methyl)-methyl-2-amino-ethanesulfonic acid (TES); 2-
(N-morpholino) ethanesulfonic acid (MES) * piperazine-
N N'-bis (2-ethanesulfoinic acid) (PIPES) N,N-bis(2-hydroxyethyl) glycine (bicine);:and N-tris (hydroxv-methyl) methylglycinie (tricine).

acid in alcoholic solution Wlas also prepared accord-
ing to the method of Hainlinig and Axelro(I (6).
Lipoxidase activity was determined by imeasuring the
increase in absorbaInce at 234 inJL wNvith tinme, on a
Beckman DK-2-spectrophotomiieter e(quipped wvith .
constant temperature cell holder set at 250. In a
typical assay, 2.9 ml of 0.05 mi buffer was placed in
a cuvette, 0.4 ptrmole linolenic acid added and allowed
to incubate for a certain time and then 0.02 ml of
flax extract (0.12 ng protein) was a(lded. For zero
time incubations, the linolenic acid was added last.

The flax extract was prepared by extracting 1 g
of a flaxseed acetone powder witlh 10 ml of 0.05 M
phosphate btuffer, pH 7.4, for 1 hr, and centrifuging
at 27,000g for 10 min. The supernatant can be keptfrozen for several months. Prior to use, it is diluted
1:5 with phosphate buffer and then heated at 550for 5.5 mi. The heat treatmlent destroys the hydro-
peroxide isomerase activity in the extract ('13).Critical micelle concentrationis wrere determined
by titration with 70 /M neutral red dye according
to the method of Hofstee (7).

Results

WVhen HEPES. PIPES, and MES were first
used for lipoxidase activity measuremeints, the results
were variable and confusing. It became apparentthat the absorbancv at 234 my of the buffer by itself
was temperature sensitive. HEPES, PIPES, and
MES were about 3 times as sensitive as TES, bicine,and tricine. Representative absorbanc- values for
HEPES and TES are given in table I. The higherabsorbancy values for HEPES, PIPES, and MES
are due to the higher molar absorptivitv at 234 iinp.resulting from the preseince of ring structures in
these molecules. The change in absorbance with
temperature is believed to be (lue to a shift in the
equilibrium betw eei- the protonated and non-pro-
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Table 1. Absorbance for HEPES and TES Buffers
Measured at Variouis Temperatures

The buffer concentrations were 0.05 M, pH 7.4 at
250.

Absorbance, 234 mu
Temp HEPES TES

deg
10 0.35 0.12
15 0.40 0.13
20 0.47 0.15
25 0 53 0.17
30 0.61 0.19
35 0.68 0.21
40 0.81 0.25
45 0.91 028
50 0.97 0.34

tonated form of the buffer, the latter having the
higher molar absorptivity. This is substantiated by
the observation that HEPES at pH 1 (fully pro-
tonated) has a molar absorptivity of 1.50, while at
pH 10 (non-protonated) the value 'is 18.1. Because
of this effect, it is necessary to maintain close tem-

perature control when using these buffers in spec-
trophotometric measurements at low wavelengths.

Even with close temperature control, there was
still considerable variation in the lipoxidase assay.
Lag periods of 3 to 10 min were frequently observed
with HEPES buffer and 30 to 60 min with tricine
buffer. We observed that the lag period was related
to the incubation time of the substrate with the
buffer prior to addition of the extract. When the
linolenic acid-Tween 20 substrate was incubated with
tricine for 1 min before adding the extract, there
was a 40-min lag period before the A234 began to
increase (fig 1). Almost identical results were
obtained using linolenic acid-ethanol substrate. The
lag periods with linolenic acid-Tween 20 substrate
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FIG. 2. Lipoxidase activity in 0.05 M buffer, pH 7.4,

with linolenic acid as substrate. Numbers indicate minutes
of incubation of linolenic acid with buffer prior to
addition of enzyme.
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FIG. 1. Lipoxidase activity in 0.05 M buffer, pH 7.4,

with linolenic acid as substrate. Numbers indicate minutes
of incubation of linolenic acid with buffer prior to ad-
dition of enzyme.

in HEPES buffer were significant but not as large
as those in tricine. For a 1-min incubation with
HEPES, the lag period was about 6 min (fig 1).
Similar results were again obtained with linolenic
acid-ethanol substrate.
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Linolenic acid-Tween 20 substrate was also incu-
bated in TES, MES, PIPES, and phosphate btuffers.
There Nvere lag periods evidenced in each case,
(fig 2) but they were not as great as those observed
with tricine or IJEPES.

Lag periods were also observed when linoleic
acid Nvas used as substrate. However, these were
not as great as those with linolenic acid. In fact,
they differed very little from assays run in phosphate
buffer (fig 3).

Occasionally, it was impossible to demonstrate
a lag period with linolenic acid-Tween 20 in 1lE['lPS
or tricine buffer. In all cases, this observation cor-
related with increasing age of the substrate prepara-
tion. In spite of all the precautions taken, there
was some autoxidation occurring in the substrate.
This led to the formation of conjugated diene hydro-
peroxides. It appeared that the hydroperoxides
formed from the autoxidation of linolenic acid re-
duced or eliminated the lag period. This observa-
tion was substantiated by adding known amounts of
linolenic acid hydroperoxide to the incubation mix-
ture (fig 4). Addition of 10 usg of linolenic acid
hydroperoxide elimlinated the lag period completely
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and stimulated lipoxidase activity wNhile 21 and 32
jug hydroperoxide increased the rate even more.

In addition to linolenic acid hydroperoxides, the
lag period could also be abolished by increasing the
conce,ntration of the buffer. In 0.2 M tricine there
was a very rapid increase in the A.,, withotut any
lag period, even with a 2-min incubatioln of the
substrate and buffer. The lag period also could be
abolished bv adding sodium chloride to the buffer
miixture. Table II shows the effect of ionic strength
on the rate of lipoxidase reaction. At pH 7.4,
0.05 Mr tricine is 17.8 % ionized and is 0.015 M in
soditlulm ionls, from the sodium hydroxide added to
adjust the pH, yielding an ionic strength of 0.012 al.

TRICINE When NaCl was added, there was a linear relationi-ship between ionic strength and rate of lipoxidase
activit+. The rate of lipoxidase activity in 0.2 MI
tricine was slightly greater thani that in 0.05 Mi

2 15 tricine, 0.1 Mr NaCl, although the ionic strength is
onlv 0.060 A\i. Both of these observations reflect an
alteration of the size or shape of the substrate
micelle in soluttion.

I
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FIG. 3. Lipoxidase activity in 0.05 M buffer with

linoleic acid as substrate. Numbers indicate minutes
of incubation of linoleic acid with buffer prior to addi-
tion of enzyme.

Table II. Effect of Ionic Strength oan Initial Lipoxidase
4ctivitv in 0.05 m Tr-icine

Additive Ionic strength Rate
1 per min

1 ) 0.05 it triciine aone
2) 0.1 am sucrose
3) 0.025 -m NaCl
4) 0.05 Mr NaCl
5 ) 0.10 -m NaCl
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0.012
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neutral red dye, 0.2M tricine and

0.1Mr NaCl gave almost identical
tricine was considerably differ
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also observed with phosphate

buffer. There were high rates

lag periods, wvhen they were use'
trationl, but there was no activi
ceiitratioin.

Discussion

The primary effect of tricine a
on flaxseed lipoxidase activity aI

an alteration of the substrate

from the lower ionic strength of these buffers in
solution. This effect was considerably greater for
linolenic acid than for linoleic acid and was con-
sistent whether the acid was prepared with Tween
20 or with ethanol. It is difficult to say that the
sole effect of these buffers was on the substrate

0.01 M TRICINE rather than the enzyme since both are required for

activity. However, the dependence of the lag per;iod
on the length of incutbation of the acid with buffer
indicates that the interaction is between the acid and
the buffer.

The concentration of fatty acid hydroperoxide in
0.01 M TR1CINE +

the reaction mixture is very important in demon-
0.01

bl
NaCI strating a lag period. Increasing amounts of hydro-

peroxide, whether formed by autoxidation or by
action of crystalline soybean lipoxidase, decreased
the lag period and increased the rate of lipoxidase

0.20 M TRICINE activity in tricine or HEPES buffer. It is difficult
to say whether this is due to an alteration of the
substrate micelle or to activation of the enzyme-
substrate complex. This phenomenon was also ob-
served by Haining and Axelrocl (6) using soybean
lipoxidase in an ammonium hydroxide-ammonium
chloride buffer.

Increasing the ionic strength of the reaction

5 6 7 mixture, either by using higher concentrations of

104x M tricine, by addition of NaCl, or by use ofphosphate
buffer, eliminated the lag period for flaxseed lipoxi-

nrefernce ond sab-pl dase activity. It appears that increasing ionicreference and sample
ye and were identical strength alters the size or number of substrate

acid in sample cell micelles, thereby increasing the number of molecules
for lilpoxidase assay. that can be acted upon by the enzyme. The im-

portance of ionic strength in the assay of soybean
lipoxidase was noted by Ames and King in 1966

regat ofidetergent (1). However, they reported that when the sub-acid) wshicheon- strate was prepared according to Surrey's method
rand is in equilib- (II), the nature of the buffer or the ionic strength

etergent molecules effect on the rate. Their observations

he coIcationcof were confirmed in this laboratory. Neither tricineamencriticl(ConCen nor HEMPS buffers showed anly lag periodswithtenspeetration s(CMC) soybeani lipoxidase. However,aetone powder ex-hbilized within the tracts of green peas showed pronounced lag periodsbilizedwithin thet when assayed for lipoxidase in HEPES and tricine
criticnl added salt buffers. Each lipoxidase enzyme appears to have
crimticalricelle co- a different specificity for substrate activity, depend-
Lori()1Metricalle with ing on the conformation of the particular enzyme.
values while0.01c it The dependence of biological activity on con-
ent (fig5w). The formation is particularly obvious in the chloroplast.xidase activit hwas In the past 2vears, several significant papershavebuffer and bivine appeared relating the effect of zwitterionic buffersofa ativitydwith no on the integrity of isolated chloroplasts (2, 8, 9, 10).fat0.05 M wonhen- Izawa and Good (8) showed that chloroplasts inat 0.005 M co n- 0.05Mr tricine had distinctly different structuresfrom those in 0.05M tricine plus 0.05M NaCI.

Anderson and Vernon (2)incubated spinach chloro-
plasts with digitonin in low salt (0.01M KCl)-and
high salt (0.15M KCl)-tricinenmedia. In low salt-
tricine, there was a breakdown of the tight grana

ind HEPES buffers structure and no separation of the 2 photosvstems
ppears to be due to ofphotosynthesis was observed. Inhigh salt-tricine,

micelle, resulting there was a fractionationi of the 2 photosvstems and
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the grana structure remained intact. Jensen and
Bassham (9) and Kalberer, Buchanan, and Arnon
(10) reported very high photosynthetic rates for
chloroplasts isolated by a new technique using
HEPES or tricine buffers. From these observa-
tions, it is evident that both the structural and
ftunctional integrity of the chloroplast are affected
by low salt-tricine buffer. Since about 80 % of the
chlioroplast lipids, exclusive of pigments, consist of
mono- and digalactosyldilinolenin (12), it seems
logical that the alteration of linolenic acid micelles
or aggregates as evidenced by lipoxidase activity in
this studv may have a direct bearing on the observa-
tions of chloroplast integrity in these zwitterionic
buffers. If the galactolipids are aligned at the inter-
face of the membrane with the aqueous environment
as shown by Weier and Benson (12), one can
readily see that altering the relative stability of
these molecules could account for the structural
changes observed by Izaw,a and Good (8). The
influence of tricine and HEPES buffers on linolenic
acid as a substrate for flaxseed lipoxidase may reflect
an analogous physical phenomenon to that occurring
in the chloroplast.
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