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Summary. For the first time the enzyme, L-myo-inositol-1-phosphate syn=
thase has been partially purified to about 33-fold with approximately 21%
recovery from the reproductive part bearing thallus of Marchantia nepalensis.
The bryophytic synthase specifically utilized D-glucose-6-phosphate and
* NAD" as a substrate and co-factor, respectively. It showed a pH optimum
between 7.0 and 7.5 while the temperature optimum was 30°C. The enzyme
activity was slightly stimulated by-Mg?®" and Ca?*, remarkably stimulated by
NH", slightly. inhibited. by Mn** and highly inhibited by Cu?!, Zn?*" and

: Hgl+ The K, values for D-glucose-6-phosphate and NAD* were found to be *
0.42 and 0. 05 mM, respectively. The V___ values were 2.1 and 1.11 mM for -

D-glucose-6-phosphate and NAD", rcspcctively.
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" Inositols are 6-carbon cyclohexane cyclitols found ublqultously in biological king- :

dom. The essential role.of inositol in many cellular processes including membrane - -
formation, cell wall biogenesis, stress response and signal transduction has been well
documented (Lackey et al., 2003). Myo-inositol is the precursor of all inositol con-
taining compounds including: phosphoinositides, inositol phosphates and cell wall -
polysaccharides. It is formed by the conversion of D-glucose-6-phosphate (G-6-P) to
L-myo-inositol-1-phosphate (I-1-P) catalyzed by the enzyme L-myo-inositol-1-phos-
phate synthase (MIPS; EC 5.5.1 4). I-1-P is subsequently dephosphorylated to myo-

_ inositol. The MIPS reaction has been reported in archea (Chen et al., 2000), bacteria

(Bachhawat and Mande, 1999, 2000), protozoa (Lohia et al., 1999), animals (Maeda
and Eisenberg, 1980; Mauck et al., 1980; Biswas et al., 1981), humans (Adhikari and

" Majumder, 1988). Among plants the occurrence of MIPS has been described and

characterized in algae (Dasgupta et al., 1984; RayChaudhuri et al., 1997), fungi.

(Donahug afid Henry, 1981; Escamilla et al., 1982; Dasgupta et al., 1984), pterido-*

phytes (Chhetri et al., 2005, 2006), gymnosperm (Gumber et al., 1984; Chhetri and
Chiu, 2004) and angiosperm (Loewus and Loewus, 1971; Johnson and Sussex, 1995;
Johnson and Wang, 1996; RayChaudhuri et al., 1997). The present study is the first'
report on the partial purification and characterization of MIPS from Marchantia

 nepalensis which is one of the commonly occurring bryophytes in Eastern Himalayas.

MATERIALS AND METHODS

Plant material

- Fresh spec1mens of Marchantm nepalensis Lehm. and Lindb. were collected from
" their natural habitat in and around Dar_leehhg hills (ca 2134 m as]) sifuated between

87°59" - 88° 53' E and 26° 31’ - 27° 13’ N inr Eastem Hjmalayas

i Extractlon and partlal punﬁcatlon of M]PS from M hpntla nepalens:s

\Q««. .

AT !)-s‘%-;—..-

' MIPS was extracted from Marchantta nepalens;s and partlally purified according to
~ the method of Chhetri et al. (2005) with some modifications. The reproductive part

bearing Marchantia nepalensis thallus (50 g) was collected fresh in the moming,
washed twice with cold, sterile distilled water and homogenized in a chilled mortar

.and pestle in half the volume: of 50-mM tris-acetate buffer (pH 7.5) containing 0.2
" 'mM ME. The crude homogenate was passed |
o hQuld wias ééﬂmﬁiged atl 000g fof 5 hin; The pemafanfwas again centnfuged at

PR

collected again, dialyzed overnight

agamst SOmMms-acetate"buffer (pH 7.5) cot tainin g 0 2 mM ME. The cléar super- o

ugh four layers of muslin and the ~ - i
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natant ‘was recovered from the dialysis bag (11,400g supernatant) and used as the’
enzyme source for the initial screéning experiments. The 11,400g supernatant was -
subjected to streptomycin sulphate treatment at a final concentration of 2% (w/v) -
with constant stirring. The mixture was kept in ice-bticket at 0°C for 15 min and then -
centrifuged at 11,400g for 15 min. The supernatant (streptomycin sulphate-treated
" fraction) was collected and made 0-60% saturated by slowly adding ammonium sul- -
- phate. The precipitated protein fraction was d1ss01ved in‘a minimal volume of tris-
. acetate buffer (PH7.5) containing 0.2 mM ME and dialyzed against the same buffer.
The dialyzed fraction (ammonium sulphate-treated fraction was adsorbed for 3 h on
DEAE-cellulose (pre-equilibrated with the extraction buffer) and the preparationwas ..
loaded in a 8 x 1.2 cm glass column. The coluffin was washed with the extraction - -
buffer and the adsorbed proteins were eluted from the column with a linear gradient
of 0 to 0.5 M KCl in 60 ml extraction buffer. Fractions (2.0 ml) were collected at an
interval of 8 min. The enzyme was eluted using KCI concentrations between 0.22 to
0.27 M (Fig. 1). The active DEAE-ce¢llulose purified synthase (DEAE-cellulose frac-
tion) was further purified by molecular sieve chromatography on a Sephadex G-200
column (7.5 x 0.8 cm) pre-equilibrated with the extraction buffer. The enzyme was
eluted from the column with the same buffer. Fractions of 0.75 ml were collected at

oy

’__..__ e e e
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Flg 1. Elution proﬁle of Marchantza nepalenszs MIPS on DEAE-cellulose oolumn MIPS act1v1ty is
expressed as (umol (I-1-P) fraction'! h-t).
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a flow rate of 10 min fraction™. The active Sephadex G-200 purified fractions were
pooled together (Sephadex’ G-200 fraction), concentrated and used as the ultimate -
preparatlon in thxs expenment , :

Assay of M[PS actmty

The MIPS activity was assayed by the procedure of Barnett et al. (1970) with some
modifications (Adhikari et al., 1987). The assay mixfure contained 50 mM tris-ac-
etate buffer (pH 7.5), 14 mMNH4Cl 0.8 mM NAD", 5 mM ME, 5 mM G-6-P and an

- appropriate aliquot (100-200 pg) of enzyme protein in a total volume of 0.5 ml. After -

incubation at 37 °C for 1h, the reaction was ierminated by the addition of 0.2 m1 20 %
chilled TCA. An equal volume of 0.2 M NalO, was added to the deproteinized super-
natant (0.7 ml) followed by a second mcubatxon at 37 °C for 1h for the oxidation of
. the MIPS reaction product, myo-msos1tol~1-phosphate, with a concomitant release
of inorganic phosphate. The excess periodate was destroyed by 1M Na,SO, Simul-

-+ taneously, appropriate non-periodate ¢ controls in which NalO, and N4,SO, treatments- - - --

were omitted were also run. The activity of the enzyme was determmed by estimat-
ing the product-specific release of inorganic phosphate from myo-inositol-1-phos-
phate by the MIPS reaction. Inorganic phosphate was determined by the. method of
Chen et al. (1956). The inorganic'phosphate released was quantified with a standard -
curve prepared using K,HPO,. Protein was determined according to the method of
Bradford (1976) with BSA as a standard. The protein content in the fractions ob-
tained from column. chromatography was determmed by measuring absorbance at
280 nm.

“ RESULTS .o

Punﬁcaﬁonofthbenzyme.,._ .

M]PS was isolated and punﬁed from fxeshly collected M nepalenszs reproductlve
- thallus employmg the techmques of Jow speed centrifugation, streptomycin sulphate

- Precipitation, ammonium sulphate fractlonatlon, ion-exchange -chromatograpHy
through DEAE-ce]lulose and molecular sieve chromatography through Sephadex G-
chromatograpmc profiles of protems resolved ﬁ'om ammonium sulphate fractlon of
the reproductive thallus of M. nepalensis-are shown in Fig. 1 and 2. In the present
study, abotit 33-fold everall purification of the enzyme with about 21% recovery
based on enzyme total act1v1ty was achleved "

!
!
Characterization of the purified enzyme !
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Table 1. Typical example of partial purifiéation of L-myo-inositol-1-phosphate synthasé from repro-
ductive part bearing thallus of Marchantia nepalensis (50 g). Data are means + SE.

Fraction Total . Specific Total activity Recovery Purification
protein (mg)  activity [pmol  [pmol (L-myo [%] [fold]
"+ " (L-myo-inosito}-  -inositol-1- -
1-phosphate) mg? phosphate)
@roteimh’] .. b1 - .

"+ Homogenate 129.6 + 7.53 0.16 +£ 0.02 20.73 £ 1.61 100.00 + 10.02 1.00 + 0.06
11,400g 11204511 ~"0:18£002 - 20.16+2.03 97.25+728 112013 " -
supernatant ‘ . : ' - R ‘
Streptomycin 47.2+1.51, 0.33 +0.03 1556+ 0.82 75.06+6.10 2.06+009 .:
sulfate treated - e . PR
fraction ' . '

0-60 % 224+345 0.68+0.12 - 1523+£1.92 7347+3.38 425+0.78
ammoninm . . ‘ . .
sulfate fraction - ‘ '

DEAE-cellulose 9.6+ 1.15 1.5+0.36 1430+ 0.80 69.46+501 937+1.32
fraction = ’ -

Sephadex G- 200 0.84+0.03 5.22+0.20 438+086 21.15+2.76 32.62+3.85
fraction : : ’ '

—0—MIPS —e— Protein

PROTEIN [mg / Faction] .

10 - - 18
. FRACTION

Fig. 2. Elution profile of Marchantia nepalénsis MIPS on Sephadex G-200 column, MIPS activity is

expressed as ( mol (I-1-P) fraction™! ).
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Table 2. Effect of the composition of the mcubatwn medium on Marchantza nepalensis L-myo-inosi-
tol- l-phosphate synthase activity. Data are means + SE.

Conditions . " Specific activity ~ Percent activity
_ [pmeol (L-myo-inositol-1-phosphate)
o A o mg!(protein)h] . .
Complete set - , - 11.86 £ 0.89. 100.00 + 11.07
Without substrate (G-6-P) - - 00 : 0.0
* Without buffer (tris-acetate) v 814015 - - - 68.72+3.55°
" Without co-factor (NAD*) ., . 37£010 . 31.19+2.26 -
Without NH,Cl: . N " 40+045 . 33.75+1.81
Without 2-mercaptoethanol : © 62+043 52.27 +4.54

. Heat-killed enzyme - 0.0 0.0

-

The maximal activity of MIPS was recorded when assayed i in the presence of 50 mM

-Fris-acetate buffer (pH-7-5);-14 mM NH;Cl,- -0.8 mMNAD+ 5mMMEand 5SmM-G- - - = -

6-P (Table 2). If the specific substrate (G-6-P) was not added in the incubation mix-
ture, the enzymatic synthesis of L-myo-inositol -1-phosphate could not be detected.
The K and ¥, values for G-6-P, as determined by Lineweaver-Burk plot were
0.42 and 2.1 mM respectively. About 31% activity was lost when Tris-buffer was
omitted from the reaction mixtyre. Deduction of NAD* (co-enzyme) resulted in the
loss of enzyme activity by about 69% while the increase in the co-enzyme concentra- -
tion up to 0.4 mM resulted in an‘enhancement of enzyme activity. K_ of NAD* was
0.05 while ¥, was 1.11 mM as determined by the Lmeweaver-Burk double recip-
rocal plot. The 2 absence of eitﬁer ammonium ions or ME decreaséd the enzyme activ-

....... B
»

1dent1cal temperatures. However, repeated ﬁeezmg and thawmg resultedina remark-
able loss of activity. The addition of enzyme stabilizer, 2-mercaptoethanol (ME) or
'diﬂlioth'reltol (OTT) inoreased con'sidérably the activity of the enzyme. Enzyme ac--
tration under standard assay conditions (Fig. 3). The temperature optimum was found
to be 30°C and the enzyme was most active w1th1napHrange of 70t0 7.5.K*had
little effect on the M. nepalensis MIPS activity and Na* played a minor inhibitory.
role, Among the divalent cations Ca?" and Mg?* slightly stimulated while Cu?*, Zn?* -
and Hg?* strongly inhibited the enzyme activity w1th Hg2+ actmg as the slrongest
inhibitor (Table 3). |
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Fig. 3. Effect of different enzyme concentrations on Marcﬁantfa nepalensis MIPS. MIPS activity is
expressed as ( mol (I-1-P) mg!(protein) h'!). -

Table 3. Effect of monovalent and divalent cations on Marchantia nepalensis L-myo-inositol-1-phos-
phate synthase activity. Data are means + SE.

-+

Cation Concentration Specific activity -~ Percent activity
: mg(protein)h!) .
Control =~ 0 6.79 £ 0.60 : 100.00 £4.40 ,

- K* ’ 5 7.13£0.70 * . 105.00+526 ¢
Na* 5 5.85+0.42 " 86.17+786
NH,* 5 10.76 + 0.62 158.46 +9.11
Mg 5 7.50 + 0.37 5 . 110.45+8.00
Mn?* 5 5.62 +0.52 82.76 + 6.38
Ca?* 5 7.87 +0.21 115.90 + 5.93
Zn** 5 3.25+0.10 47.86 +4.12
Cu?* 5 3.50 £ 0.78 , 51.54+1.99
Hg* 5 - 1.25+0.11 18.40 +2.12
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DISCUSSION

MIPS has been reported by several authors for almost all groups of plants Although

there is one report regarding the occurrence ofthe enzyme in-some bryophytes ,'
(Dasgupta et al., 1984), no report is so far available regarding the purification and -

functional characterization of MIPS in bryophytes. The present study fills that void

* towards making a continuous line of information regarding the purification and char-

acterization of MIPS from the most primitive to'the most highly evolved organisms.
Here we report for the first time the partial purification and characterization of MIPS
from M. nepalensis. The enzyme isolated from M. nepalensis did not show any activ-

ity in the absence of its specific substrate G-6-P. Though the enzyme exhibited its
. optimal activity in the presence of co-enzyme NADY, still it could maintain about

31% of the total activity in case NAD* was not added externally. This encourages us

to conclude the presence of bound NAD* in the molecular architecture of this en--

zyme which has also been reported earher (Barnett et al 1970 Pltlner and Hoﬂ:'mann

~ Ostenhof, 1976).

Like in all other eukaryotes, MIPS from M. nepalensis required NH,* for its
optimal activity in contrast to the divalent cations required for MIPS from prokary
otes (Majumder et al., 2003). This indicatesthat the bryophytic MIPS is a type-IIl
aldolase. Among the cations, Na* and Mn?* were mild inhibitors, Ca?* and Mg?*
were mild stimmlators and Cu?*, Zn?* and I:,igz+ were strong inhibitors of M. nepalensis

MIPS. Thus, the cations can be arranged in the order Hg?>Zn*">Cu®*with HgZ"
reducing the enzyme activity to about 18%. The narrow pH optimum (7.0-7.5) for M. R
nepalenszs MIPS was quite similar to that reported for other materials (Donahue and

' 1999) The optlmum temperature for M nepalenszs MIPS (30°C) is shghtly less as
. -compared to that for MIPS from Sptrulma platenszs, Euglena graczlts, Onzza satzva

‘ces griceus (Slpos and Szabo 1989) but s1mﬂar to that from Glezchema glauca (Chhetn
et al 2008). - - .
‘ MIPS 1solated from the bryophyte Marchantza nepalenszs showed apprommately :

based on the M1chaehs constants. On the other hand, MIPS ﬁ'om the above sources

showed some similarities. Both MIPS were Righly stimulated by NH,", slightly in-
hibited by Na*, unaffected by K* and strongly mhibrted by Hg?*. Both enzymes showed
also common pH optima (7.0 - 7.5). |

MIPS is involved in the metabolic utilization of j&-6-P and generates nbulose-S-
phosphtat. It is also related to the activity of fructose-1,6-bisphosphatase as well as
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different phosphate esters of myo-inositol (Murthy, 1996). The presence of numer-

ous cellular compartments and genetic loci for MIPS indicates the role of this en-
zyme in the regulation of metabolic flux of inositol (Lackey et al., 2003). Recent

studies by other workers have focused on the molecular cloning of the MIPS gene (Ju -:- -

et al., 2004; Park and Kim, 2004; Majee et al., 2004), its crystal structure determina-

tion (Stein and Geiger, 2002; Norman et al., 2002), its role in salinity tolerance (Nelson

et al.,, 1998; Majee et al., 2004), bipolar disorder (Agam et al. ,2002), carcinogenesis

. (Nishino et al., 1999; Wattenberg 1999) and diabetes (Suzuki et al., 1998) There-

1

fore, further investigations on myo-inositol and MIPS from different organisms will . - :

be of fundamental importance to understand the nature and act1v1ty of this enzyme '
‘across phylogenetlc groups. ‘ ,
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