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< Abstracts >

Preparation and Performance of Slow Release Microcapsules
Containing Nutrient by Complex Emulsion Method

Yuji YOKOTA, Katsuji ISHIBASHI, Katsutoshi YAMADA, Shigenobu TANAKA,
J.L. PONDEVIDA, L.G. DOMINGUEZ, B.M. LALUSIS,
C.G. PIGAO and R.A. PANLASIGUI

A study on the preparation of nutrient containing microcapsules by complex emulsion method was conducted. Ammo-
nium sulfate (AS) and ammonium sulfate adsorbed on activated carbon (ACAS), as core materials, and ethylcellulose
as wall substance, were used. The yield of microcapsules‘using ACAS was higher than that obtained using AS. Compari-
son of the dissolution rate of nutrient in water from the microcapsules indicates that ACAS is more suitable than AS

as core material for slow release microcapsule.

Key Words : Microcapsule, Complex emulsion method, Nutrient, Slow release, Activated carbon

Studies on the Slow—Release Type Potassium Silicate Fertilizer from Fly Ash

Toshikatu YAMADA, Yoshio NODA, Kazuji ISHIBASHI
R. CHAIWATTANANONE, R. WUNGDHEETHUM, B. SUTTISONK and P. MATA

Using two kinds of fly ash samples, production test of the slow-release type potassium silicate fertilizer at 800~
950°C for 10~40 minutes in air with potassium carbonate, calcium hydroxide and magnesium carbonate was conducted.
From the experiment we obtained following results:

1) The solubility of SiO: in 0.5 mol - dm~ HCl solution ranges from 53 to 92% and the solubility of K;O in 2% citric

acid ranges from 60 to 75% depending on the calcination condition.

2) By heat treatment at 950°C for 20 minute, the silicate compounds clearly changed to K,Al,Os (or K, (Al Fe)

Si:0s), K:MgSiO, and a’-CaSiO:. These compounds are solouble in 0.5 mol - dm~*HCl and 2 % citric acid.

3) The addition of a suitable amount of K.COs and MgCO; was favorable for the increase of the solubility of

Si0:; in 0.5mol - dm~* HCI solution and the solubility of K:O in 2 % citric acid.

Key Words :  Slow release type fertilizer, Pottasium silicate, Fly ash



Studies on the Production of Slow Release Potassium Silicate Fertilizer
Using the Internal Heat Type Fluidized Bed Reactor

Katsutoshi YAMADA, L.G. DOMINGUEZ, L.A. MANALO,
B.Y. MERCADO, A.T. MALLILLIN, C.G. PIGAO,
Hideo HOSODA, Hitoshi KUWAGAKI, Katsuji ISHIBASHI

A study on the production of slow release type fertilizer utilizing rice husks as SiO; source was undertaken. The mix-
ture of rice husks, dolomitic limestone as CaQ and MgO source and K.COs was granulated using molasses as binder.
The granules were calcined in the internal heat type fluidized bed reactor lising sawdust as heat sustaining source. The
effect of CaO,/Si0, mole ratio,calcination temperature and residence time on the solubility of the product was inves-
tigated. The mixture with CaO,”SiO; mole ratio 1.15 calcined at 800°C for 20minutes produced a potassium silicate fer-
tilizer with 24.4% 0.5M HCl soluble K:O but 3.1%water soluble K:O. Production of the slow release type fertilizer in
the form of potassium silicate was found to be technically feasible. .

Key Words : Slow release potasssium silicate fertilizer, Rice husk, Dolomite, Calcination

Isolation and Characterization of a Novel Facultatively Alkaliphilic
Bacterium, Corynebacterium sp. Grown on n-Alkanes

Koji IKEDA, Kenji NAKAJIMA and Isao YUMOTO

A novel facultatively alkaliphilic bacterium that grows on a chemically defined medium containing n-alkanes as the
sole carbon source was isolated from soil. The isolate was obligately aerobic, non-motile, gram-positive, and formed
metachromatic granules. It was not acid-fast and did not form endospores. The cell wall contained meso-
diaminopimelic acid, arabinose, and galactose; the glycan moiety of the cell wall contained acetyl residues. The bacte-
rium was catalasé-positive, oxidase-negative, and the G+C content of DNA was 70.8 mol%. According to these tests,
the isolate was assigned to the genus Corynebacterium. The bacterium grew well between pH 6.2 to 10.2 and the dou-
bling time in this pH range was 4-6 h. For the growth of the isolate, added Na* in the culture medium stimulated
growth, but was not indispensable at both pH 7.2 and pH 10.2. In addition to hydrocarbons, the isolate was able to grow
on a chemically defined medium cdntaining acetate, glucose, or fructose as the sole carbon source. Analyses of reduced
minus oxidized difference spectrum of whole cells showed that the bacterium only possess less than one tenth amounts
of total cytochromes compared with Bacillus alcalophilus. The above results suggested that the bacterium has charac-
teristics different than of the alkaliphilic Bacillus previously described.

Key Words :  Facultatively alkaliphilic bacterium, n-alkanes, Corynebacterium, Na*, Cytochrome



Mouse NADPH-cytochrome P-450 Oxidoreductase: Molecular
Cloning and Functional Expression in Yeast

Satoru OHGIY A, Nariko SHINRIKI, Tetsuya KAMATAKI and Kozo ISHIZAKI

We published isolation of a mouse NADPH-cytochrome P-450 oxidoreductase cDNA and afterward ascribed the cDNA
to the guinea-pig instead of the mouse [ Ohgiya, S. et al. (1992) Biochim. Biophys. Acta 1171, 103-105 and Corrigendum
(1993) Biochim. Biophys. Acta 1174, 313]. We report here nucleotide and deduced amino acid sequences of an NADPH-
cytochrome P-450 oxidoreductase cDNA isolated from the ddY mouse. The mouse cytochrome P-450 oxidoreductase
shares 98.4 % identity with its rat counterpart. In particular, clusters of acidic residues that presumably participate in
interaction with cytochrome P-450 are highly conserved in primary structures of mammalian cytochrome P-450
oxidoreductases. The mouse cytochrome P-450 oxidoreductase was functionally expressed in yeast using a modified

¢DNA clone lacking whole noncoding regions

Key Words :  Cytochrome P-450 reductase, cDNA cloning, Nucleotide sequence, Expression, Mouse liver, Yeast



Preparation and Performance of Slow Release
Microcapsules Containing Nutrient
by Complex Emulsion Method*!

(Key Words : Microcapsule, Complex emulsion method, Nutrient, Slow release, Activated carbon)

Yuji YOKOTA*?, Katsuji ISHIBASHI*, Katsutoshi YAMADA*?, Shigenobu TANAKA*,
Josie L. PONDEVIDA* Leonora G. DOMINGUEZ*, Bernarda M. LALUSIS*,
Concepcion G. PIGAO* and Rogelio A. PANLASIGUI*

1. Introduction

From the view point of global environment
protection, development of afforestation tech-
nology has been conducted for those lands deso-
lated by destruction of tropical rain forests,
excessive cattle grazing, and slash-and-burn
farming. One of the technology is a method by
effective fertilization.

Unlike the phosphate and potassium fertil-
izer, a large amount of the nitrogen fertilizer is
lost when leached and denitrified in the soil
Also,excessive application of nitrogen brought
by fast release causes fertilizer burn. Recently,
in order to deal with these defects, slow release
nitrogen fertilizer such as insoluble nitrogen
compound and coated nitrogen fertilizer have
been produced.

Microencapsulation is one of the slow release
technique which has been applied widely in the
pharmaceutical industry (Ishibashi, 1984), bio-
technology (Higashide, 1979), and other related
fields, but in the field of agriculture, applica-
tions involve only microencapsulated pesticides
and encapsulated vegetable fat in cattle feeds.

In this paper, microcapsules were prepared
by complex emulsion method using AS and
ACAS as core material and ethylcellulose as
wall substance. Their yield, particle size distri-
bution, and the dissolution of core components
are discussed from the view point of applying to
slow release fertilizer. Gradual release of the nu-
trients for a long period of time is an essential
factor for an effective fertilization.

%1 This paper was reproduced from THE PHILIPPINE
JOURNAL OF SCIENCE, Vol.123, No.2 (1994) pp.
121-133 by the permission of Science and Technology
Institute, DOST, Philippines.

*2 Bioscience and Chemistry Division.

%3 Industrial Technology Development Institute, DOST,
Philippines.

This paper discusses the application of the
microencapsulation technology in the field of
agriculture.

2. Materials and Methods

2.1 Preparation of ACAS

Figure 1 shows the flow diagram of the
preparation of ACAS. Fifty (50) grams of AS
(Kanto Chemical Co.Inc.) as adsorbate was
dissolved in two (2) liters of distilled water, and
the solution was adjusted to pH 7.0. Then,

Distilled Water Ammonium Sulfate

2 liters (AS)
50,
Mixing
pH7.0
Activated Carbon

20g

ADSORPTION

STIRRING 3 hrs

FILTRATION

Filtrate

DRYING
105°C Shrs

ACTIVATED CARBON
w/ AMMONIUM SULFATE
ADSORBED (ACAS)

Fig. 1 Fow diagram of the preparation of activated
carbon with ammonium sulfate adsorbed
(ACAS).
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twenty (20) grams of activated carbon powder
(Kanto Chemical Co. Inc.) passing 350 mesh size
(previously dried at 105C for 5 hours) was
added to the solution and stirred for three (3)
hours. The internal surface area and adsorptive
capacity for methylene blue of this activated
carbon were 1,010n’,/g and 363.5mg,” g, respec-
tively. The activated carbon in the solution was
filtered using glass fiber filter paper under vac-
uum and dried for five (5) hours at 105C. The
quantity of AS adsorbed on the activated car-
bon was measured by the increase in weight of
the activated carbon. For this study, AS ad-
sorbed on activated carbon at 50mg, g was used
as core material.

2.2 Preparation of Microcapsule

Figure 2 shows the flow diagram of micro-
encapsulation by complex emulsion method.
Ethylcellulose (Kanto Chemical Co.Inc.) as wall
substance was dissolved in 250ml of dichlo-
romethane (Kanto Chemical Co.Inc.) at concen-
tration of 1.5, 3.0 and 6.0% (w.v). Various
amounts of core material (AS or ACAS) was
dispersed in the solution and maintained in uni-
form suspension by constant agitation for 20
minutes. Then, the suspension was poured

CORE MATERIAL WALL MATERIAL
AS or ACAS 1.5 - 6% Ethyl Cellulose
(10 - 30g) in Dichloromethane Solution
(250 ml)
MIXING |
_pH7.0 S/0 Emulsion
EMULSIFICATION S$/0 W Emulsion
in 4% Gelatin
Solvent Evaporation
SIEVING Filtrate
WASHING
DRYING
60°C, 20 hrs
SLOW RELEASE
MICROCAPSULES

Fig. 2 Flow diagram of microencapsulation by com-
plex emulsion method.

slowly into a 3.0 liter vessel containing 1.0 liter of
4% (w,v) gelatin (Kanto Chemical Co.Inc.) so-
lution to form uniform droplets under different
stirring velocity. The temperature during the
process was maintained at 30°C. Figure 3 shows
the apparatus used in the complex emulsion
method. After the mixed solution had been to-
tally added, the temperature was gradually in-
creased to 40°C. The solvent evaporates and a
rigid ethylcellulose film forms around the core
material. The microcapsules obtained after stir-
ring overnight was collected in 280 mesh sieve
and washed in water repeatedly to remove the
remaining solvent and gelatin. The micro-
capsules were dried in a vacuum oven for 20
hours at 60C.

a
=R £ \d
a - OT,
\LARAN N ) €
| |]— 0]
c bil “ gk °-
. .9 0. D f

Fig. 3 Apparatus of for microencapsulation:
a. Stirrer
b. Stainless Steel Reactor
¢. Thermostat
d. Core Material Dispersion in Polymer
Solution
e. Magnetic Stirrer
f. Laboratory Jack

2.3 Dissolution Test for NH.* Release

Two (2) grams of the microcapsules were
added to one (1) liter of distilled water, the pH
of which was initially adjusted to 7.0 in a screw
cap bottle. The bottle was placed in an incubator
maintained at 30°C. Five (5) ml aliquot was
taken at fixed times, then filtered and the NH,*
concentration was determined.

2.4 Experimental Analysis

The concentration of NH,* was determined
by Automated Phenate Method using the
Technicon Auto Analyzer II. Internal surface
area of activated carbon was measured by
Quantasorb OS-81 (Quantachrome Co.) and



e TR SE AR 675 (1996)

calculated by means of the BET method.
Methylene blue adsorbability of activated car-

bon was measured using the method introduced
by Ishibashi et.al. (Ishibashi et. al., 1973).

2.5 Particle Size Analysis

Particle size analysis of the microcapsules
was carried out using stainless steel U.S. Stan-
dard sieves. One hundred grams of microca-
psules were placed on the top sieve and the set of
sieves was placed in a sieve shaker and shaken
for 30 minutes. The microcapsules retained on each
sieve were weighed. Then cummulative percent-
age retained on a probability scale versus the
average particle size retained on each sieve was
determined in order to get the average particle
size (50% size) for each batch of microcapsules.

2.6 Scanning Electron Microscope (SEM)

The photograph of the microcapsules con-
taining ACAS as core material was taken by
JEOL JSM T-20 using 100X and 3,500X magnifi-
cations.

3. Results and Discusion

3.1 Yield . '

Table 1 shows the percentage yield of
microcapsules prepared under varying concen-
trations of ethylcellulose and weight of AS as
core material. Experiments with increased
ethylcellulose concentration produced an in-
creasing product yield; on the other hand, in-
creasing core material weight resulted in the
decrease of product yield. Ethylcellulose is the
polymer selected as the wall material to coat the
core materials (AS) used in the preparation of
microcapsules. It can be seen that with an in-
crease of the amount of ethylcellulose a greater
amount of microcapsules is produced while an
increase of the amount of core materials pro-
duce less amount of microcapsules, the excess
core materials going with the discarded liquor.

However, in any case, the yield was low be-
cause the core material is a water soluble sub-
stance and the emulsification process was not so
efficient producing microcapsules ranging from
8 to 51% yield only.

The product yields from 'the experiments
using ACAS as core material shown in Table 2
were ranged from 97 to 100% under the condi-
tions used. The activated carbon adsorbed the
core material and prevented the loss of the nu-
trients during the process and therefore

Table 1. Effect of Etcell Concentration and
Weight of AS on the Yield of

Microcapsules Produced.

Etcel Conc.% (w/v) | Wt. of AS(g) Yield (%)
1.5 10 17.7
1.5 15 15.6
1.5 30 8.4
3.0 10 34.7
3.0 15 31.6
- 3.0 30 18.1
6.0 10 51.5
6.0 15 43.1
6.0 30 30.2

Note: Stirring Velocity = 280 rpm.

Table 2. Effect of Etcell Concentration and
Weight of ACAS on the Yield of
Microcapsules Produced. ‘

Etcel Cone.% (w/v) | Wt. of AS(g) Yield (%)
3.0 10 ©99.8
3.0 20 98.8
3.0 30 98.9
6.0 10 97.8
6.0 20 - 96.6
6.0 30 100.0

Note: Stirring Velocity = 500 rpm.

Legend: Etcell - Ethyl Cellulose
AS - Ammonium Sulfate
Y - Yield of Microcapsules
ACAS - Activated Carbon with Ammonium
Sulfate Adsorbed

produced higher yield in comparison with the
experiment using AS. It can be seen that the
method using ACAS is more efficient compared
with the method using AS for the core material
of microcapsules.

3. 2 Dissolution Test

Microcapsules with different core materials
like AS and ACAS were investigated in order to
determine whether there was a relationship be-
tween the dissolution rate of AS and ACAS and
the microcapsules prepared with varying
amount of core material.

Figure 4 shows the result of dissolution test
conducted on microcapsules prepared using 10,
15, 30 grams of AS as core material and 6%
ethylcellulose as wall substance. It can be ob-
served that the increasing core material weight
resulted in the increased NH." concentration.
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However, under any condition, the micro-
capsules showed rapid release characteristics as
such that NH.* concentration reaches its maxi-
mum value within 2 or 3 hours of dissolution
test. The nutrient content of the microcapsules
was released rapidly in the few hours of the dis-
solution test because the rate of release depends
on the amount of coating of the microcapsules.

Figure 5 shows the result of dissolution test
conducted on microcapsules prepared using 10,
20 and 30 grams of ACAS as core material and
6% ethylcellulose as wall substance. It can be
seen that the amount of the nutrient release in-
creased as the amount of the core material
weight was increased.

The dissolution curve of the microcapsules
using ACAS as core material exhibited gradual
release pattern when the maximum amount of
nutrient released by the microcapsules was at-
tained during the 20 days period.

A significant difference exists in the dissolu-
tion tests conducted between those micro-
capsules using AS and ACAS as shown in
Figures 4 & 5. It proves that the method using
ACAS is more efficient than when AS is used.
The type of core material also greatly influences
the rate of nutrient release in the microcapsule.

3. 3 Particle Size Distribution

The particle size distribution of the micro-
capsules obtained at varying ethylcellulose con-
centration of 3 to 6% (w,/v) and core material
weight (ACAS) of 10 to 30 grams with a stirring
velocity of 500 rpm is shown in Figure 6. This fig-
ure shows that the increase of the core material
weight from 10 to 30 grams gives a narrower
range of microcapsule size distribution. The av-
erage particle size of the microcapsules obtaind
ranged from 0.5 to 1.0 mm. However, varying
concentration of the ethylcellulose has no sig-
nificant effect on the particle size distribution of
the product.

3.4 SEM

Figure 7 shows the SEM photograph of
microcapsules prepared using ACAS as core
material. The photograph of the microcapsule
was taken using 100x magnification and the
pore structure was taken at 3500x magnifica-
tion. It describes the porous structure of the
microcapsule wall. This pore structure was
caused by solvent evaporation during the
microencapsulation process and in these pores,
the nutrients were diffused during the
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Fig. 7 SEM 'photograph of microcapsules prepared
using ACAS.

dissolution test of the microcapsules. The pore
structure of the microcapsule is another factor
that may influence the dissolution rate of the
‘samples. '

4, Conclusion

Nutrient containing slow release micro-
capsules were prepared by complex emulsion
method using AS and ACAS as core materials
and ethylcellulose as wall substance. The use of
ACAS as core material was found effective as
evidenced by the higher yield obtained and the
gradual dissolution rate of nutrient in water.

Promising results have been obtained for the
preparation of nutrient containing slow release
microcapsules by complex emulsion method
using ACAS as core material. However, further
studies for different wall substance to obtain
gradual dissolution rate will be considered.
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Table 1 Chemical composition of fly ash.
Constituents Fly ash No.

(%) No. 1 No. 2 No. 3 No, 4 No. § No. 6 No. 7 No.8
Si02 21.26 46.50 48.60 33.70 40.78 25.90 17.80 25.50
AlO3 12.60 27.00 25.90 17.60 22.50 14.50 6.67 11.40
Fez03 15.80 10.50 10.30 9.71 10.10 10.70 16.90 20.20
Ca0 16.60 4.01 421 18.70 743 21.70 19.80 13.20
MgO 459 2.63 170 2.52 3.79 3.59 3.75 5.06
K20 111 2.27 2.26 1.67 2.06 1.41 0.62 112
Na20 2.32 1.04 0.76 0.79 1.20 141 247 1.99
SOz 23.50 4.99 5.03 14.60 10.20 18.90 31.20 20.10
Glass 78 - 85 47 - 53 70-173 70 - 75 68-70 50 - 55 63~ 170 75 - 80

Fly ash No.2 Magnification: X 300 L 1,000 £mL

Fig. 1 Scanning electoron micrographs of Thai fly ash.

DLDHFEH L7z FA No.l, FA No.2 DF7 T4 7 v
valz, BHEEE0—oTHHHY 74 (FFERAE
K.CO: %) # K:0MET20% 2 BAREL, #HH
BERGREE, BERCRER 2 ARETT 2 220 OfEER L L,
51z, MEbE, 7T UBEEEREEOLENT, A
NV b (BB Ca(OH) . ) % CaOME T 5
~830%, HU T AERK,OBRETS~0%BLOYT R
v A (BEREAEE MgCOs %) #MgO#®RE T2 ~156%
DHETHEMBELZEZ THEL, ZOPREANL LD
DOPERFE L Lz,

TG, weight loss (¥)

1 ! 1 1 L -20
600 800 1000 1200 1400

Temperature (*C)

Ref. sample: @ - Al203. Program rate: 10 °C/min,
Atmosphere: air, — : FA No.1, ——:FA No.2

Fig. 2 Thermal analysis of Thai fly ash.
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Fig. 3 X-ray diffraction pattern of Thai fly ash.

3.2 BBEREER
FHOBESABI0gEFEES om, F S 1 e OBEHIIIZ
AR, HOPLORELLFEDRE (800~950T) 2
BELAYY o=y NESFT, FrEORR (10~405)
BERY 77, BERBIIE S ICEIASIY B L TERFTHE

DTA, uV



TIAT vy vae b ABERETIBRIES (B ERORE

L7z,

3.3 BERYMOBHAR

BE 3 A E RS ATED IC L ), 3 L T60mesh
DINVAEBLEEF 1g120.5mol-dm ™ 5B, 2%
IUBERAEMZ, 30CT1RRE: 5 (FEH
30~40m# /min) L CHEEGEE N & EER M
ERICRL, —E2FITKEMATESICERAHKTA
B\L7ze RWTHEBRTEY SI0, (THLE) (%) &K
BH5H7z0120.5mol-dm IEBETHEH L2 AWE A 4 v 2
U b 7EE (Y44 2y 7 AB820218) CHlE
L7ze $722% 2 VBB XK THEBLZAHEEZET
WG EERN (B S/Epr#, 170-30%) THI=EL,
KO7 B (Z73bE) (%) BLOK.OKE
HE (%) & L7,

34 BERYMOERIEMORTE

X E (BEERETA -7y 7 2) Hn
T, BERYB L U0.5mol-dm 2 HEE, 2 %7 =V ERAH
DOFREW ORI EZRE L, BEEYFOHEW DR E & B
BHABE R OB H#EE L,

4. BREER

4 -1 BEREBEEFREES LUV BEEORR

K:COs # K, 0 B T0% R4 L THELFA No.l
(K0 : 22.11%, CaO :11.60%), FA No.2 (K,O :
22.27%, CaO : 4.01%) OBERIRE & THELRS L O
7 BALR O B4R Fig. 4 (RS,

W bR, 7 B{b®RE, FA No.l, FA No.2 & % iz
BERURBEN S 2B LML, KBBA ) 7A (%) i
&< %%, FA No.l 084, BEEGREI0T, BERMRM
205 DRMTIHALRIZI2%, 7 BALFIETE%, KiEK

100 100

0.5 mol + de™3 HC] solubility of Si0z (¥) O.®
2% citric acid solubility of kK20 () A, A
3
T
1
3
Water solubility of K20 (%) O,

o 1 1 1 1 0

750 800 850 900 950 1000
Calcination temperature (C)

O,A,0:FANo.1, @, A, M :FA No. 2, calcination time : 20 min

Fig. 4 Change of SiO, and KO solubility by calcination
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Fig. 5 Change of SiO. and KO solubility by calcination

4+ 3 EREMEZDBEM

BERUUSC & o THER T 5 ZFFEH Y O XHE T % Fig.
6 1R o BEMOERLREWORIKE -1, 2 6=
28.55", 2 =333 BLU29=329"IcEDLNEFN
i, K:Al:S1:04 (&)é\/‘ﬂi AL Os O—E % Fe, 05 A%
E&L?’:Kz (Al, FB)ZSMOE i)iﬁ‘:ﬁj—é L’Cb\éﬁfﬁﬁﬁﬁ%"b
Ho L2L, ZO#EHWIZKALSLOs OXEEIFM L 13
EAEERDLTDICRENATEETH ), o '-CasSiO,,
K. MgSiOa 12— %, TS D&M o a3 w5 B X
BERURESE IR E 2D, ZOMICERT 58
& LT, BHHRIREEDTHR 2V AT K. MgSia0s (28.45°),
Ca,MgSi.0 (81.1°), K:CaSiO,4 (31.6°), Ca,Al:SiO,
(31.4°) #BDHNED,

0.5mol-dm™3EME, 2% 7 = VBBEHEREYOXKE
PrEFig. 718 ¥ . MBEEREY X, KRRED o -
SiOz, a-Fe:0s, AleSi:Own DI BER IS TAER L7
K.:MgSisOs, K:Al:S1,0y,. CazAl,Os BEDLND,
Fig. 6 LItB3 2 &, TASDOEWIIREICHERD 2 Vi
TEMTHD, L L, FA Nol, FA No2 OEEHH
REY O RATR A LB T 5 &, K,MgSis0120.5mol-
A IERIZIE PR VBT AW EEL NS,

R BRI AE BB 0 TR & BERIREE & DB 1%




LB TR FEATEL 675 (1996)

—_

FA No.l

Intensity
%
<
¥
2

15 20 25 30 35 40 45 50
Diffraction angle 28 (Cu-ka)

1: K,ALSi,0g or K,(Al, Fe),Siy0q, 2: K,MgSi0,,
3: a’- Ca,sSi0,, 4: K,MgSiz04, 5: CayMgSiy05,
6:K,CaSi0,, 7: a- Fe,04
Fig. 6 X-ray diffraction pattern of the calcined prod-
ucts with varying calcination temperature.
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Fig. 8 Formation of valious compounds by calcination.
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Fig. 9 Effect of the addition of CaO(% )added on the
SiO; and KO solubility.
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1. Introduction

The demand for fertilizer in agricultural
countries like the Philippines has in recent
years been on the increasingly upward trend
side by side with the increased need to maxi-
mize production of crops particularly rice. To
fill this great demand, the production of ferti-
lizer has been increased in many parts of the
world and studies are being conducted to im-
prove the qualities of the existing ones.

This present research has for its objective
the utilization of the readily available natural
resources of the country such as dolomitic
limestone and rice husks for the production of
a new type of slow release potassium silicate
fertilizer. This involves the development of a
heat treatment process wherein the granu-
lated mixture of rice husks, dolomitic hme-
stone and potassium carbonate (K:CO3) were
subjected to heat treatment in the fluidized
bed reactor under the established CaO, Si
O, mole ratio, calcination temperature,
calcination time to produce a potassium sili-
cate fertilizer.

The recent fertilizer technology marks the
advent of the slow release type potassium sili-
cate fertilizer which has the unique character-
istics of controlled nutrient release, such that
single fertilizer application results in sus-
tained fertilization without danger of ferti-
lizer burns. The advantages of this type of
fertilizer includes savings on labor, reduced

%1 This paper was reproduced from THE PHILIPPINE
JOURNAL OF SCIENCE, Vol.123, No.4 (1994) pp.
313-333 by the permission of Science and Technology
Institute, DOST, Philippines.

*2 Bioscience and Chemisiry Division.

%3 Industrial Technology Development Institute, DOST,
Philippines.

%4 Resources and Energy Division.

*5 JICA Expert

possibility of fertilizer burns and reduction in
element losses through slow release at a rate
corresponding to the needs of the crop.

2. Materials and Methods

2.1 Characterization of Raw Materials

Rice Husks

Rice husks, a cellulosic fibrous, nondigestible
by-product from the milling of paddy rice and
which is an agro-waste, was used as SiO:
source. Unmilled rice yields about 20% by
weight of rice husks, which on combustion lose
behind about 21-24% of ash composed essen-
tially of silica (SiO:). Raw rice husks used in the
study was of the mixed variety obtained from
rice mill in Carmona, Cavite.

Dolomitic Limestone

The dolomitic limestone used in the study was
obtained from the Philippine Mining Corpora-
tion, Cebu City.

Molasses

Molasses, a by-product from the processing
of sugarcane was procured from Paniqui,
Tarlac. The molasses was used as binder in the
granulation of raw materials.

2.2 Raw Material Preparation

Pulverized samples of rice husks and
dolomitic limestone were mixed with K.CO; on
varying proportion based on CaO,SiO. mole
ratio. The mixture was mixed in the kneader,
then passed thru an extruder. The extrudatex
was subsequently passed through the pelletizer
and the granules obtained were dried in the tray
drier to a moisture level of 10%.

2.3 Calcination Procedure

Calcination of granulated dried samples was
carried out in a 15.5cm diameter fluidized bed re-
actor as shown in Figure 7. The bed was pre-
heated by the fludizing gas from the heater with
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the temperature controlled at 500°C. Sawdust
which has heating value of 4400kcal,” kg was
used to sustain the heat needed to attain the de-
sired temperature of the bed. When the desired
temperature was attained, the granulated sam-
ple was charged to the reactor and controlled at
varying reaction time by feeding sawdust at 2.8
to 3.5kg,/hr.

2.4 Analysis Procedure

Chemical Analysis .

The chemical composition of rice husks,
dolomitic limestone and molasses were deter-
mined by Atomic Absorption Spectrophoto-
metry (AAS) (2). Preparation of sample prior
to analysis by AAS was done by acid decompo-
sition using teflon digestion vessel. Digestion
was done in a muffle furnace at temperature of
125°C for two hours. Digested sample solution
was allowed to cool down then saturated boric
acid was added before diluting it to 100 ml mark.
Sample solution was analyzed for its chemical
composition using AAS.

Thermal Analysis

The thermal decomposition of rice husks,
dolomitic limestone and K,CQ3, etc. were deter-
mined from both thermogravimetric (TG) and
differential thermal analysis (DTA) using
Rigaku Thermal Analyzer TAS-100(5)

X-Ray Diffraction Analysis

Rice husks, dolomitic limestone and products,
etc., were each subjected to X-ray diffraction
analysis using Rigaku X-ray Diffractometer
Model Geigerflex. The X-ray beam source was
Copper (Cu), while filter is Nickel (Ni). Accel-
eration voltage was 40 kV, current applied 20
mA.

Identification of the compounds were done by
comparison of the diffraction pattern with the
American Society for Testing Materials (ASTM)
powder diffraction files (4)

Dissolution Analysis

Dissolution tests on the products were car-
ried out using 0.5M hydrochloric acid (HCI), 2%
citric acid and water according to the official
methods of analysis of fertilizers (1&2).

1. 0.5M HCI and 2% citric acid soluble compo-
nents

One gram of pulverized and dried calcined
products was weighed accurately in a 250ml
volumetric flask. One hundred fifty (150) ml
0.5M HCl or 2 % citric acid solution was added
at 30-40°C. The solution was shaken for one hour
at 30-40 revolutions/min (rpm) in a vertical

shaker while keeping the tempeature at 30-40C
during extraction, then cooled promptly and di-
luted to the mark with water, and filtered imme-
diately through a dry filter paper. Sample
solution was analyzed for its percent acid solu-
ble SiO., K:O and MgO components using AAS.

2 . Water soluble components

One gram of pulverized and dried calcined
products was weighed accurately in a 250 ml
volumetric flask. Two hundred (200)ml water
was added at 30-40°C then shaken for one hour
at 30-40 revolutions/min (rpm) keeping tem-
perature during extraction at 30-40°C. Sample
was allowed to cool, then was filtered immedi-
ately through a dry filter paper. Sample solu-
tion was analyzed for percent water soluble
510,, K20, Ca0 and MgO components.

3. Results and Discussions

3.1 Characterization of Raw Materials

Chemical Analysis

Table 1 summarizes the chemical composi-
tion of rice husks, dolomitic limestone and mo-
lasses as determined by TG and AAS analyses.
The table shows that dolomitic limestone con-
tains mostly CaO and MgO with traces of other
components. Ca0,/MgO mole ratio was 2.3
which is higher compared with pure dolomite’s
Ca0,”MgO mole ratio of 1.39. The dolomitic
limestone used in this study is a non-metallic
mineral containing 90.9% dolomite, a double
carbonate of calcium and magnesium, CaMg
(COs)2 and 4.7% calcite (CaCOs).

Replicated analyses of a mixture of rice
husks from different varieties (R-40, R-66, C-4,
San Domeng) using AAS gave a range of SiO,
percent composition of 20-24%.

Chemical analysis of molasses using AAS
confirmed the presence of inorganic constitu-

Table 1. Chemical Composition of Raw Materials
Components | Rice Husk | Dolomitic Limestone | Molasses
S5i02,% 21-24 1.00 0.10
Ca0,% 0-12 38.00 0.36
MgO, % 0-10 16.30 0.31
K:0,% 0.93 0.16 - 2.39
ALOs,% 0.20 0.10 0.10
Na:0,% 0.13 . 0.24 0.10
LOL % 76.69 45.60 75.72
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ents in very small amounts causing very negligi-
ble effect on the original composition of the mix-
ture and in the heat treatment reaction.

The ignition loss of dolomitic imestone and
rice husks was also determined by the Japanese
Industrial Standard(JIS) method using a muffle
furnace at 925C.

Thermal Analysis

The thermal decomposition of rice husks and
dolomitic limestone were determined from both
TG and DTA using a Al:O;: as the reference
sample.

‘Figure 1 shows the thermal decomposition of
rice husks under air atmosphere. The DTA curve
describes that this reaction is an exothermic de-
composition reaction. The three (3) peaks corre-
sponds to the evolution of cellulosic and
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Fig. 1 Thermal analysis of the mixed rice husks

hemicellulosic matter at 200-340C and the deg-
radation of lignin matter at 350-520°C.

Figure 2 shows the thermal decomposition
curve of dolomitic limestone in the previous
study(3) and the present study under air and C
O: atmosphere. The curves shows a single step
reaction. The decomposition of CaCO; and
MgCOs; in the dolomitic limestone used in the
present study exist simultaneously at 808°C in
air atmosphere.

Under CO; atmosphere, howerer, the decom-
position of these components occur at different
temperatures as shown by the two DTA peaks.
MgCO; decomposes faster at 793°C while CaC
O; decomposes at 886C. Different results on
DTA of this dolomite was obtained compared to
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Fig. 2 Thermal analysis of the dolomitic limestone

the dolomite in the previous study(3). The DTA
curve results indicates that the dolomitic lime-
stone used in the previous study had a different
composition compared to the dolomitic lime-
stone used in the present study.

The decomposition reactions are summarized as
follows:
Under air atmosphere;
Sample #1 Sample # 2
CaMg ( COs ) 2
«MgO+CaO+CO.  808C 875C

Under CO. atmosphere;
Sample #1 sample #2®

CaMg(COs )z

++*MgO+CO;+CaCO; T793C 770C
MgO+CaCOs

~MgO+CaO+CO. 886 975C

Figure 3 shows the effect of the addition of
potassium carbonate (K:CO3:) on the thermal
decomposition of dolomitic limestone (sample
#1). With the addition of K,COjs, the decompo-
sition of the mixture starts at 600C and finishes
at 746 °C regardless of the amount of K.CO,
added. This indicates that the presence of
K:COj lowers the decomposition temperature of
the mixture. Moreover, the presence of the
K:CO; shortens the decomposition time.
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Fig. 3 Effect of addition of potassium carbonate on
the thermal decomposition of dolomitic lime
stone
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Fig. 4 X-ray diffraction pattern of the mixed rice
husks

3.2 X-ray Diffraction Analysis

Figure 4 illustrates the X-ray diffraction pat-
tern of raw rice husks. Rice husks contain
amorphous silica, which can be seen in the crys-
tal habit of the SiO,.

Figure 5 shows the X-ray diffraction pattern
of dolomitic limestone and shows X-ray peaks

Intensi ty
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N

1 1
20 25 30 35 40 45 50 55

Diffraction angle 28 (Cu-ka)

Fig. 5 X-ray diffraction pattern of the dolomitic

limestone
O:CaMg(CO0;)., A:CaCO;

corresponding to dolomite CaMg(CQOs ). and
calcite (CaCOs). The pattern shows that dolo-
mite are the major components and calcite are
detected in small quantities that corresponds to
the properties of a limestone.

4 . Experimentation

As shown in Table 2, a series of mixtures
(No.1-6) were prepared in varying proportions
of rice husk and dolomitic limestone with the ad-
dition of K.CO;. Samples containing varying
mole ratio of CaO,/SiO. 1.05, 1.15, 1.30, 1.40, 1.60
and 1.81 were prepared as calculated based on
the known concentration of SiO;, in the rice
husk, CaO, MgO in the dolomitic limestone, and
K:0 in K,CO; as determined previously. The
sample preparation is illustrated in Figure 6.

The heat treatment was carried out using the
internal heat type fluidized bed reactor as
shown in Figure 7.

The fluidized bed reactor was adapted in this

Table 2. Chemical Composition of Granulated Samples

Experiment | Mole Ratio| SiO, Ca0O MgO K.O
No. Ca0/ S0 % % % %

1 1.05 33.2 32.6 14.0 20.02
2 1.15 31.5 33.6 14.4 20.50
3 1.30 28.8 34.9 15.0 21.30
4 1.40 27.6 36.1 15.5 20.80
5
6

1.565 25.3 36.6 15.7 22.40
1.81 23.3 39.2 16.8 20.40
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RICE HUSKS

DOLOMITIC
LIMESTONE

K2C03 SOLUTION

2

PULVERIZATION MOLASSES SOLUTION
-100 mesh 1+

PULVERIZATION
-200 mesh

MIXING

EXTRUSION

PELLETIZATION

SCREENING
0.72-2.0m

DRYING
at 110 C

GRANULES

Fig. 6 Schematic diagram of sample preparation

study owing to its great advantage over the
fixed bed such as that of the muffle furnace.
Foremost among this, is the fact that uniform
bed temperature is easily controlled in the
fluidized bed due to the intense agitation of the
sample particles during fluidization. Also, the
rate of heat transfer is fast in the fluidized bed
because of the circulating movement of these
solid particles. Under comparable condition,
fluidization causes a smaller pressure drop than
fixed bed operation. The charging of samples
and discharging of products is convenient in
fluidized bed, thus minimizing the losses of sam-
ple particularly due to rapid activity.

The internal heat type fluidized bed reactor
make use of sawdust as fuel which is a much
cheaper heat source than either LPG or electric-
ity, etc.. High temperatures required for the
heat treatment are quick to attain because of
fast heat transfer rate.

4.1 Effect of Ca0,/Si0. Mole Ratio

A series of experiments were conducted to de-
termine the best conditions that would be suit-
able for the production of the slow release type
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I.-Fluidized bed reactor 7. Flow meter
2. Hopper 8. Blower
3. Screw feeder 9. Product take off valve
4. Gear motor 10. Thermocouple
5. Perforated plate 11. Manometer
6. Preheater 12. Cyclone

Fig. 7 Schematic diagram of the internal heat type
fluidized bed reactor

potassium silicate fertilizer. The effect of vary-
ing mole ratio of Ca0,/SiO. was studied with
the end view of maximizing the content of acid
soluble Si0: in the product and minimizing its
content of water soluble K. O.

The sample mixtures prepared at varying
Ca0,/Si0; mole ratios are ranging from 1.05-
1.80 as shown in Table 2. The mixture contain
23.3 to 33.3% SiO: and the granulated sample
was calcined at 800°C for 20 minutes.

Results of dissolution test of samples show
that the mole ratio 1.15 CaO,/SiO: exhibits the
maximum acid soluble-SiO;. The maximum acid
soluble SiO; attained is 16% in 0.5M HCI and
11.5% in 2% citric acid. In Figure 8, acid soluble
K,O is not affected by the variation in mole
ratio while the water soluble K:O increase as the
mole ratio increased.

4.2 Effect of Varying Calcination Temperature

Further experiments on heat treatment was
studied on sample mixtures containing a mole
ratio of CaQO,SiO, 1.15. The samples were
calcined at varying temperatures (700, 750, 800,
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850, 900°C) for 20 minutes, to determine the ef-
fect of temperature in KO, SiO,, CaO and MgO
solubility in water, 0.5M HCI and 2% citric acid.

The influence of calcination temperature on
the acid soluble components of the product is
illustrated in Figure 9-1 and 9-2. Figure 9-1
shows that both 0.6M HCI soluble SiO; and K,O
components exhibit a maximum amount at 800
C, while slight variation in 0.5M HCI soluble
Ca0 and MgO components are visible at various
temperatures.

Similarly, in Figure 9-2 it can be seen that in
2% citric acid soluble SiO; and KO components
exhibit a maximum amount at 800C and almost
no significant effect in 2% citric acid soluble
Ca0 and MgO components.

The maximum solubility of the product
calcined at 800°C can be explained by the forma-
tion acid soluble components like K, CaSiO,,
K>:MgSiOs and ae (or a’a ) Ca:Si0, (Figure 10)
are being formed. A decreasing solubility of the
product calcined at 850 to 900°C was observed
due to the crystalline property of such com-
pounds when treated to higher temperatures.

Moreover, the effect of calcination tempera-
ture variation on water soluble components is

illustrated in Figure 9-3. The water soluble SiO.
and K. O contents show a decreasing trend with
Increase in calcination temperature, whereas,
the water soluble CaO exhibits a maximum
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Fig. 9-1 Effect of varying calcination temperature on
0.5M HCI soluble SiO., K.O, Ca0, and MgO
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amount but neglible water soluble MgO at 800
C.

Figure 10 shows the X-ray diffraction pattern
of the products obtained from the samples with
Ca0,7Si0; mole ratio:1.15, containing 20.5%
K:O calcined at 700°C, 750°C, 800C, 850C, and
900°C for 20 minutes. The presence of silicate
compounds from the sample treated at 800°C,
850°C, and 9007C is clearly indicated by the peaks
corresponding to K,CaSiO., K:MgSiO., a« (or
a’a ) Ca.Si0. and other silicate compounds
which were not identified in 700°C and 750°C.

Intensity
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15 20 25 30 35 40 45 50 55 60
Diffraction angle 26 (Cu-ka)

Fig. 10 X-ray diffraction pattern of the calcined prod
ucts with varying calcination temperature
Ca0_/Si0. mole ratio:1.15, K.0:20.5%,
calcination time:20 min.,
O :K.CaSiO.:, ® :K. MgSiO.,
A ta-(or a’-) Ca,SiO4
A :Ca0, O :MgO, m :unknown

4. 3 Effect of Calcination Time

The effect of Calcination time on the forma-
tion of acid soluble and water soluble compo-
nents was investigated in the products with
Ca0.”Si0: mole ratio 1.15 and calcined at 800
C for 10, 20, 30, 40, 50 minutes calcination time.

The solubility trend of 0.5M HCI soluble com-
ponents in the products at different calcination
time is shown in Figure 11-1. The graph illus-
trates that the 0.bM HCI soluble SiO: and K.O
both increases as the reaction time was ex-
tended further from 20 to 50 minutes which re-
sulted to the formation of acid soluble
potassium silicate compound.

The 0.5M HCI soluble CaO and MgO both
exhibit decreasing trend with increasing
calcination time. Longer calcination time facili-
tates the formation of crystalline calcium and
magnesium compounds which results to less
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Fig. 11-1 Effect of varying calcination time on 0.5M
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acid soluble CaO and MgO.

Figure 11-2 shows the decreasing trend of the
2% citric acid soluble SiO., K,O, Ca0 and MgO
contents of the sample with increase of
calcination time.

However in Figure 11-3, the water soluble
components like K, O, CaO and Si:O was ob-
served to decrease as the calcination time is in-
creased.
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Fig.11-3 Effect of varying calcination time on water
soluble SiO:, KO and CaO

Ca0,/Si0; mole ratio:1.15, K.0:20.5%
calcination temperature:800°C,

Conclusion

This study shows that a slow release type po-
tassium silicate fertilizer was produced from
rice husk, dolomitic limestone and K.CO;. Re-
sults of the experiments proves that calcination
of the granules using the INTERNAL HEAT
TYPE FLUIDIZED BED REACTOR is suitable
and of great advantage compared to the fixed
bed (muffle furnace) for the production of po-
tassium silicate fertilizer.

The fertilizer exhibits a high degree of solu-
bility in 0.5M HCI and 2% citric acid and very
low solubility in water (Table 3), taking into

Table 3. Dissolution Analysis of the Postassium

Silicate
Mole Ratio, CaQ,”SiO; =1.15
Calcination Temperature, C =800
Residence Time, minutes =20
0.6M HCL | 2% Citric Water
Components | g 1iple " | Acid Soluble|  Soluble
SiO:, % 16.09 10.68 0.33
K.:0, % 24.44 17.49 3.16
Ca0, % 32.56 27.06 4.92
MgO, % 15.09 14.11 <0.01

consideration the optimum conditions establi-
sheld.
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Isolation and Characterization of a Novel Facultatively
Alkaliphilic Bacterium, Corynebacterium sp.
Grown on n-Alkanes™!

(Key Words : Facultatively alkaliphilic bacterium, n-alkanes, Corynebacterium, Na*, Cytochrome)
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1. Introduction

Alkaliphilic bacteria have been studied for
their bioenergetic characteristics, which include
negative ApH and special solute transport sys-
tems, as well as for their industrial potential
(Krulwich and Guffanti 1989; Horikoshi 1991).
These studies have shown that combined action
of a proton-extruding respiratory chain and
secondary Na* /H* antiporters play an impor-
tant role in the regulation of cytoplasmic pH
during growth at pH 10 and above. The net
acidification of the intravesicular space (or cy-
toplasm) results in a Na*-gradient (Na%.>Nat
). Solute uptake and motility are dependent on
this Na*-gradient (Krulwich et al. 1988, 1990).
Therefore, there are several reports on the re-
quirement of added Na® for the growth of
alkalophiles (Krulwich et al. 1982,1990; Guffanti
et al. 1986). Another interesting point is the
bioenergetic property caused by the cytoplasmic
pH of the alkaliphilic bacteria being lower than
the ambient pH (pH 10; Krulwich et al. 1988).
The “reversed” gradient of protons lowers the
proton electrochemical potential generated in
the memebrane of alkaliphiles. Several alkali-
philic Bacillus species possess high concentra-
tion of membrane-associated cytochromes
(Lewis et al. 1980; Guffanti et al. 1986; Yumoto
et al. 1991). It has been suggested that an abun-
dance of cytochromes may be an essential strat-
egy to pump out protons with optimal efficiency
(Krulwich 1986). However, most of these studies
focused on the bacteria belonging to aerobic Ba-
cillus species. Most of these bacteria had been
isolated using medium containing carbohy-
drates or organic acids as the carbon source.
The objective of our work is to contribute to a
better understanding of alkaliphiles belonging

%1 This paper was reproduced from Archives of Micro-
biology, Vol.162, (1994) pp.381-386 by the permission
of Springer-Verlag GmbH & Co. KG.

%2 Bioscience and Chemistry Division.

to a genus other than Bacillus. In this investiga-
tion, we isolated a novel facultatively alkaliphilic
bacterium, Corynebacterium sp. K-171 that can
grow on chemically defined medium containing
n-alkanes as the isolate and the differences be-
tween the isolate and previously described
alkaliphilic Bacillus species are reported here.

2. Materials and Methods

2. 1 Isolation of the n-alkane-utilizing alkali-
philic bacterium

Bacteria were isolated from oil-contaminated
soils using synthetic medium (AT medium) con-
sisting of n-tetradecane [1% (vol/vol)], KNOs,
(5 g, KH2PO., (0.5 g), MgSO.-TH.0, (0.5 g),
FeSO, - TH. O, (0.01 g), CaCl,-2H,O (0.02 g),
MnSO: -nH,O (0.001 g), ZnSO,-TH.O (0.0005 g)
in 11 100 mM NaHCOs;- Na,CO; buffer(pH 10.2)
in deionized water. After one week of aerobic
incubation at 27C, four strains were isolated.
Among them, strain K-171, which had the best
growth rate, was used in this study.

2. 2 Characterization

For identification of the isolate, a basal me-
dium (pH 7.2) consisting of polypeptone (Nihon
Seiyaku, Tokyo; 10 g) meat extract (Kyokuto,
Tokyo; 10 g), NaCl, (10 g) in 11 deionized water,
or 100 mM NaHCO:-Na;COs (pH 10.2) buffer
containing medium was used. Cultures were in-
cubated at 27°Cand tested by the methods of
Yamada and Komagata (1972a) and Barrow
and Feltham (1993), unless otherwise stated.
Cell division was observed by the method of
Komagata et al. (1969). AT medium (described
above) containing 1% sugar instead of 1% n-
tetradecane was used for the Hugh-Leifson O-F
test. (Hugh and Leifson 1953). Thymol blue (0.03
g.”1) was used as an indicator for acid produc-
tion at pH 10. Utilization of carbohydrates
(1%), organic acids (1%), and hydrocarbons
(1% ) was tested by using AT medium without n
-tetradecane at pH 10(100mM NaHCO3-Na.COs3).
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For the determination of G+C content, DNA
was prepared by the method of Marmur (1961).
The G+C content was determined by HPLC
analysis (Tamaoka and Komagata 1984). Iden-
tification of meso-diaminopimeric acid and sug-
ars in the cell wall was performed by TLC (art.
5552 DC-Alufoline Cellulose; Merck Darmstadt,
Germany) (Yamada and Komagata 1970;
Staneck and Roberts 1974). The glycolate test
was done by the method of Uchida et al. (1977).
On the basis of these morphological, cultural,
and physiological characteristics of the isolate,
the bacterium was assigned according to
Yamada and Komagata (1972a,b), Jones and
Collins 1986), and Holt et al. (1994).

2. 3 Microscopy

For light microscopy of cellular morphology,
a gram stained smear of the isolate grown on
AT agar medium (AT medium 1.5% agar con-
taining) at pH 10.2 for 72h was examined at
1,000 X magnification. For thin sections, early
stationary phase cells grown in acetate instead
of n-tetradecane-containing AT medium or AT
medium at pH 10.2 were harvested by centrifu-
gation at 10,000 X g for 20 min. The cells obtained
were fixed with osmium tetraoxide, stained with
uranyl acetate, dehydrated in an ethanol series,
and embedded in epoxy resin. Sections were cut
using an ultramicrotome and observed under a
transmission electron microscope (Hitachi H-
800) operated at 75kV.

2.4 Growth experiment

Growth experiments were performed using
L-shaped test tubes containing 10 ml medium
over a pH range of 6.2 to 10.2 with gentle shaking at
27°C. Growth was estimated by monitoring the
ODe. AT medium containing 100 mM Na;HPO,-
NaH:PO. or 100 mM NaHCO;-Na,CO; buffer,
at pH 6.2 to 8.2 or pH 9.2 to 10.2 respectively was
used. For experiments in which cells were gro-
wn without added sodium, 100 mM of K.HPO,-
KH.PO. or KHCO;-K.COj; buffer, at pH 7.2 or
pH 10.2, respectively, was used. Contaminating
Na* in the media from other salts was 4.28 mM
0% #mand 0.11 #M, at pH 7.2 and pH 10.2, re-
spectively. To avoid contamination of Na* from
the preculture, the inoculum (0.1 m!) was trans-

ferred twice to potassium-containing medium
(10 ml).

2.5 Preparation and spectroscopic analysis of
whole cells

The isolate, K-171, was grown in a 500 ml-
flask containing 250 ml of AT medium at pH 10.2
on a reciprocating shaker at 145 rpm at 27C.
The cells were harvested at the early stationary
phase of the growth by centrifugation at 10,000
X g for 20 min, washed with 50 mM Tris-HCl
buffer(pH 8.0) containing 20 mM MgSO. and
then suspended in the same buffer. The final
cells content for measurement was 6.3 mg dry
weight,/ml. For comparison, cells of Bacillus
alcalophilus JCM 5262 were used. The bacteria
were grown in a 500-ml flask containing 250 ml
of medium consisting of polypeptone (Nihon
Seiyaku; 10 g), yeast extract (Kyokuto; 1.5 g),
glucose (1.0 g), K:HPO,(0.1 g), MgCl;-6H:0O
(0.1 g) and 1 ml metal mixture [EDTA(3.5 g),
ZI’ISO4 7H20(30 g), FGSO4 7Hzo(10 g), MnSOv
nH.0(2.0g), Co(NOs).-6H.0(2.0g), HsBO:(1.0
g) in 11 distilled water] in 11100 mM NaHCO;-
Na.CO; buffer (pH 10) on a shaker as described
above. Cells were harvested and cell suspensions
were prepared as described above. The final
content of the cells for the analysis was 6.1mg
dry weight) /ml. Spectrophotometric measure-
ments were performed with a Shimadzu UV-3000
spectrophotomater using 1l-cm light path
cuvetttes. The suspensions in the cuvettes were
stirred to prevent cells from settling. The
dithionite-reduced minus ferricyanide-oxidized
difference spectra were recorded at 18T to de-
termine the cytochrome content in whole cells.
The following wavelength pairs with the
corresponding-difference millimolar extinction
coefficients were used: cytochrome a, A ¢ a-es
=11.7 mM™" -cm™ ' (Ludwig and Schatz 1980);
cytochrome, b A e ss-=17.5mM '-cm ™' (Jones
and Pool 1985); and cytochrome ¢, A esss
=22.TmM ™" rcm™* (Fee et al. 1980). The dithio-
nite-reduced minus oxidized ferricyanide-
oxidized difference spectrum at 77K was
measured with a Simadzu MPS-2000 spectro-
photometer using 2 mm light path cuvettes. The
cells in 100 mM Tris-HCI buffer (pH 8.0) contain-
ing 50% glycerol, was reduced with dithionite
and oxidized with ferricyanide, and crystalized
by liquid nitrogen. The final cells content for the
analysis was 3.1 mg dry weight,/ml.

3. Results and Discussion

Characteristics of the isolate, strain K-171,
that were tested in this study are shown in
Table 1. and a light micrograph of the isolate
grown on AT medium at pH 10.2 for 72 h is
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shown in Fig.1a.The isolate, shown to have a size
of 0.6—1.0x0.7-1.4 £ m, was non-motile, gram-
positive, non-acid-fast, non-spore forming, had
snappingtype division, formed metachromatic
granules, and was strictly aerobic. Cell walls
contained meso-diaminopimeric acid, arabinose,
and galactose. The glycan moiety of the cell
wall contained acetyl residues. The isolate was
also catalase-positive, oxidase-negative, and the
G+C content of the DNA was 70.8 mol%. Ac-

cording to these characteristics, the isolate was
assigned to the genus Corynebacterium The
growth temperature range was 10—35C and the
optimum temperature range was 24—31C. Two
alkaliphilic Corynebacterium strains, no. 93-1
and no. 150-1, have been previously described
(Kobayashi and Horikoshi, 1980; Kobayashi et
al. 1980). Strain K-171, differs from these two
strains in metachromatic granule formation in
the cell, G+C content of DNA, liquefaction of

Table 1 Comparison of characteristics of alkaliphilic Corynebacterium sp. K-171 with. those of alkaliphilic
Corynebacterium sp. no. 93-1and no. 150-1 (Kobayashi and Horikoshi 1980; Kobayashi et al. 1980). (DAP

diaminopimelic acid; ND not determined)

K-171 no. 93-1 no. 150-1
Morphological characteristics

Gram stain Positive Positive Positive
Acid-fast stain Negative Negative. Negative
Motility Negative Positive Negative
Flagellation " Negative Peritrichpus Negative
Size (um) 0.6-1.0x0.7-1.4 0.8-1.0x2.0-3.0 . 0.7-0.8 x1.0-3.0
Spore formation Negative Negative . Negative
Metachromatic granule Positive Negative Negative
Type of cell division Snapping Snapping Snapping

Pleomorphism
Cultural characteristics (pH 10)
Nutrient broth
Nutrient agar slant
Growth temperature (°C)
Growth in presence of -
5% NaCl
7% NaCl
Chemical characteristics
Major peptidoglycan amino acid
Major cell wall sugars

Glycan moiety of cell wall
DNA G+C content (%)

Physiological characteristics (pH 10)
Reduction of nitrate
Indole production
H,S production
Liquefaction of gelatin
Hydrolysis of casein
DNase
Oxidase
Catalase

Acid from carbohydrates

D-Arabinose
D-Fructose
D-Galactose
D-Glucose
Inositol
D-Mannitol
Dp-Raffinose
Sucrose
L-Rhamnose
D-Xylose

Not distinct

Not distinct

Not distinct

+ + +
+ + +
10-35 2040 15-40
- + +

- + +
meso-DAP meso-DAP meso-DAP
arabinose, galactose ND ND
acetyl type ND ND
70.8 65.8 52.0
+ + +

+ - +

- + +

- + +

- ND ND

- + +

+ + +

- - +

- + +

- - +

- + +

- + +

- + +
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gelatine, hydrolysis of casein, oxidase test and
acid formation from carbohydorates (Table 1).
Accordingly, it is considered that the isolate is
a novel alkaliphilic Corynebacterium species.
Utilization of organic acid, sugar, and hydro-
carbons by the isolate was tested at pH 10.2
(Table 2). The isolate utilized only acetate
among the organic acid salts. Among the sug-

ars, the isolate utilized only glucose and fruc-
tose effectively. Among the hydrocarbons, n-
alkanes (Ci-Cs) and pristane were utilized
effectively, but cycloalkanes and aromatic hy-
drocarbons were hardly utilized. To our knowl-
edge, the isolate is the first example of a
hydrocarbon utilizing alkaliphilic bacterium.
BElectron micrographs of ultra-thin cell sec-

Table 2 Utilization of substrates by the alkaliphilic Corynebacterium sp. K-171 at pH 10.2

Hydrocarbons Organic acid Carbohydrates
n-Dodecane - Sodium acetate + D-Arabinose -
n-Tridecane + Sodium citrate -~ D-Fructose +
n-Tetradecane + Sodium formate - p-Galactose —
n-Pentadecane + Sodium lactate - D-Glucose +
n-Hexadecane + Sodium succinate - Inositol -
n-Eicosane + Sodium DL-malate - D-Mannitol —
n-Tetracosane + Sodium L-glutamic acid - D-Raffinose -
n-Octacosane + Sucrose -
n-Dotriacontane — D-Rhamnose —
Pristane + D-Xylose -
Cyclododecane -

Fluorene -

Antracne -

Pyrene -

Fig. 1 Microphotographs of Corynebacterium sp. K-171.
(a) Light microphotograph of the isolate grown
on AT agar medium (pH 10.2) containing 1% n-
tetradecane Bar 10 xm. (b) Ultra-thin sections of
cells grown on 194 acetate instead of AT medium
(pH 10.2) containing n-tetradecane. Bar 0.2 Mm,
(c) Ultra-thin sections of cells grown on AT me-
dium (pH 10.2) containing 1% n-tetradecane. Bar
0.2 um
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tions of the isolate grown at pH 10.2 are shown
in Fig. 1b, c. When the isolate was grown on ace-
tate in stead of n-tetradecane-containing AT
medium, the cell surface was very thick (ca. 0.03
¢ m, Fig.lb) compared with cells frown in n-
tetradecane-containing medium (ca. 0.01 # m,
Fig.1c). On the other hand, when the isolate was
grown on n-tetradecane-containing AT medium,
many inclusions, possibly hydrophobic sub-
stances, were observed in the cytoplasmic space
(Fig,1c). Similar phenomena have been observed
in other bacteria (de Andres et al. 1991;
Morikawa and Imanaka 1993). Growth of the
isolate at various pHs in media containing n-
tetradecane as the carbon source was tested
(Fig. 2). The isolate grew well over a broad
range of pH and the doubling time was similar
over the pH range (ca. 4-6h). The shortest dou-
bling time of the isolate was 4 h at pH 8.2, much
longer than that of the alkaliphilic Bacillus
firmus RAB (43 min) and Bacillus alcalophilus
(40 min, Guffanti and Hicks 1991). The experi-
ment shown was performed with a preculture
grown at pH 10.2, but the result was similar
when the preculture was grown at pH 7.2. The
isolate lowered the ambient pH to 8.2 when
grown at pH 10.2, and raised the pH to 7.4 when
grown at pH 7.2. This phenomenon been also re-
ported for an alkaliphilic Bacillus (Horikoshi
1991). _

Dependency of ‘growth on added Na® was
also tested with the isolated (Fig 3). The lag pe-
riod of growth became longer when the isolate
was grown on medium without added Na™.
Growth was stimulated by added Na*, but addi-
tion of Na* was not indispensable for growth.
There are some alkaliphiles (e.g., Bacillus alca-
lophilus) that do not seem to added Na* in the
medium for growth (Aono and Horikoshi 1983;
Kitada and Horikoshi 1987; Krulwich et al. 1982,
1990). However Krulwich et al. (1988) reported
that these alkaliphiles were actually dependent
on Na*for growth and demonstrated this by rig-
orous exclusion of Na* from defined media and
the use of plastic flasks. It is still possible that
the present isolate requires the small amounts
of Na* found as contaminants in the medium
without added Na*(see “Materials and meth-
ods” ).

Cytochrome content of the bacterial whole
cells was estimated (Fig.4) and compared to
that of cells of the obligately alkaliphilic bacte-
rium Bacillus alcalophilus. The isolate contained
cytochrome b and cytochrome ¢ at 0.028 and
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Fig. 2 Effect of pH on the doubling time (h™) of
Corynebacterium sp. K-171 grown on 1% n-
tetradecane as described in the text.
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Fig. 3 Growth of the Corynebacterium sp. K-171 at pH
7.2 and pH 10.2 in the presence or absence of
added sodium as described in the text. (Open
squares) pH 7.2, 100 mM added sodium;
(hatched squares) pH 7.2 no added sodium;
(open circles) pH 10.2, 100 mM added sodium
and (hatched circles) pH 10.2 no added sodium

0.018 nm,“mg cell dry weight respectively. The
absorption spectrum at 77K also showed that
the isolate possess cytochrome b and
cytochrome ¢ (Fig. 5). Bacillus alcalophilus
possessed cytochrome a, cytochrome b, and
cytochrome ¢ at 0.056, 0.290, and 0.244



Isolation and Characterization of a Novel Facultatively Alkalophilic
Bacterium, Corynebacterium sp. Grown on n-alkanes

Absorbance

—_

500 550 600 650

Waveiength (nm)

Fig.4 Difference spectra of the Corynebacterium sp. K-
171 and Bacillus alcalophilus. Reduced minus oxi-
dized samples were recorded as described in the
text. (A) Spectrum of the isolate grown at pH
10.2; (B) Spectrum of Bacillus alcalophilus grown
at pH 10. Each peak was identified as follows; a
cytochrome a; b cytochrome b; and ¢, cytochrome
c

nmol, mg cell dry weight, respectively. These
results showed that Bacillus alcalophilus pos-
sess 13.4-folds higher amounts of total
cytochromes than the isolate.

The above results suggest that the isolate
has characteristics different from those of
alkaliphilic Bacillus in growth aspects and
cytochrome content. Energy-producing proc-
esses, solute transport systems, and cell compo-
nents such as cell wall and membrane lipids of
the isolated alkaliphilic bacterium, Coryne-
bacterium K-171, will be elucidated by further
studies.
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NADPH-cytochrome /FP-450 oxidoreductase
(P450 reductase; EC 1.6.2.4) is an important
component of the microsomal mixed-function
monooxygenase system [1]. P450 reductase
catalyzes the transfer of electrons from NADPH
to P450 that is responsible for metabolism of en-
dogenous as well as exogenous compounds [2].
Although P450 is composed of a number of
isozymes [3], P450 reductase is thought to be
unique [4] and able to interact with all
microsomal P450 isozymes. Primary structures
of P450 reductases have been identified through
nucleotide sequences of their cDNAs isolated
from the rat [5,6], rabbit [7], human [8],
Saccharomyces cerevisiae [9], Candida tropi-
calis [10], Schizosaccharomyces pombe [11],
mung bean [12] and Arabidopsis thaliana [12],
and by protein sequencings of P450 reductases
purified from the pig [13,14] and trout [15].
While we had published isolation of a mouse
P450 reductase cDNA named MSr2, we found
thereafter that MSr2 had to be ascribed to a
guinea-pig clone {16]. We accordingly screened
mouse liver cDNA libraries and isolated a cDNA
encoding mouse P450 reductase from a liver
cDNA library of the ddY mouse. Sequence align-
ment of amino acids of P450 reductases among
various species demonstrates strong conserva-
tion of acidic residues. The mouse P450 redu-
ctase was functionally expressed in Saccha-
romyces cereuvisiae by removal of whole non-
coding regions from the isolated cDNA prior to
insertion into an expression vector.

A male ddY mouse was treated with a single
intraperitoneal dose of 3-methylcholanthrene
(200mgkg). The liver was excised 20h after the
administration. Poly (A)* RNA was isolated ac-
cording to standard protocols [17], followed by

%1 This paper was reproduced from Biochimica et
Biophysica Acta, Vol.1186, (1994) pp.137-141 by the
permission of Elsvier Science B.V.

%2 Bioscience and Chemistry Division.

*3 Division of Drug Metabolism, Faculty of Pharma-
ceutical Science, Hokkaido University.

synthesis of cDNA using oligo (dT) as a primer.
The constructed ¢cDNA library was screened
using a Pst I fragment of pFP105, the rabbit
P450 reductase cDNA [7]. By sequential rescre-
enings, a cDNA clone containing a complete
open reading frame was isolated and designated
dR25. dR25 is 2457 bp long and encodes 678
amino acids with a calculated molecular weight
of 77043 (Fig. 1).

Two plasmids were constructed for expres-
sion in yeast. For construction of an expression
plasmid, dR25 was digested with restriction
endonuclease Kpn I and AfIII to partly remove
noncoding regions (see Fig. 1). Subsequently,
both termini of the digested dR25 were con-
verted into HindIl sites by blunting and Hind 1l
linker ligation. The Hind Il fragment thus ob-
tained was inserted at the proper orientation
into the yeast expression vector pAAH5 to con-
struct the expression plasmid. The other expres-
sion plasmid was prepared as follows: the
coding region of dR25 was amplified from the
dR25 ¢cDNA by PCR [18] with oligonucleotide
primers containing a HindIl site just upstream
from the translation initiation codon or just
downstream from the stop codon; forward
(GAAAGCTTATGGGGGACTCTCACGAA), and
reverse (GGAAGCTTCTAGCTCCATACATCC-
AG). A PCR mixture containing 0.2 mM dNTPs,
0.2 # M each of primer and 25 U, ml of Pfu DNA
polymerase (Stratagene) was subjected to 30
cycles of amplification; 1 min at 94 °C, 2 min at 55
C and 4 min at 72 C. The amplified DNA was di-

The nucleotide sequence data reported in this paper appear
in the DDBJ,/EMBL, GenBank Nucleotide Sequence Da-
tabases with the accession number ‘DI17571’, definition
‘mouse mRNA for NADPH-cytochrome P450 oxido-
reductase’.

The species and strain data of MSr2 have been corrected in
the DDBJ,/EMBL,”GenBank Nucleotide Sequence Data-
bases (accession number ‘D10498’).

Abbreviations: P450 reductase, NADPH-cytochrome 2450
oxidoreductase; P450, cytochrome P-450; bp, basepairs;
PCR, polymerase chain reaction; FMN, flavin monon-
ucleotide.
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CGCGCGGTGTGTGATC TGGTCGGTACCGAGGAGCGCAGGTTGTGTCACCAAC

AEGGGGGACTCTCACGAAGBCACCAGTGCCACAGTGCCTGAGGCAGTGGCTGAAGAAGTGTCTCTAETCAGCACAACGGACAETGTTCTG
M G DS HEDTSATVZPZEA AV AEEVYV STLUPF S TTD I V L

TPTTCTC TCATCGTGGCGGTCCTGACC TACTGGTTCATCTTTAAAAAGAAGAAAGAAGAGATACCGGAGTTCAGCAAGATCCAGACAACG
F S L I VGG VL T Y WUV FIVPFKI KU K KETZETIUPZETFSIKTIAOQTT

GCCCCACCTGTCAAAGAGAGCAGCTTCGTGGAAAAGATGAAGAAAACGGGAAGGAACAITATTGTAETCTAEGGCTCCCAGACGGGAAbC
A P PV KE S S F V EIXM MU K KTGR|NTITIVUFYG S QTG T

GCGGAGGAGTTTGCCAACCGGCTGTCCAAGGA' CACCGCTATGGGATGCGCGECATGTC TGCAGACCCTGAAGAGTATGACTTGGCC
A E EF A NURTUIL S K D|IABRYGMRGMSADZEPETZETYTDTL A

GACCTGAGCAGCCTGCCTGAGATCGACAAGTCCCTGGTAGTCTTCTGCATGGC! TACGGAGAAGGCGACCCCACCGACAACGCGCAG
DL S S L PETIUDUXSTULVVUF¥FCMAT Y GEGDU®PTDUNAQ

GACTTCTATGATTCOGC TGCAGGAGAC TGACGTGGACCTCACGGGTGTC AAGTTTGC TGTGTTTGGTCTCGGGAACARGACCTATGAGCAC
D F YD WILOZETTDUVDILTOGV KUDFAVF G LGN K T Y E H

PTCAACGCCATGGGCAAGTATGTIGACCAGCGGCTGGAGCAGC TTGGCGCCCAGCGAATC TTTGAGTTGGGCCTTGGTGATGACGACGGG
*F N AMGIX Y V|D Q RLEQLGAQRTIDYXUETLGILSGUDTUDTUDG

AACTTGGAAGAGGATTTCATCACATGGAGCGAGCACTTCTGGCCAGC TGTGTGCCAGTTC TTCGGGGTGGAAGCCACTGGCGAGGAGTCG
N L £E EDPF I TWRUE GQUPFW®PAVCETPUPF GVEH ARATSGEE S

AGCATCCGCCAGCTACGAGCTCGTGGTCCACGAAGACATGGACACAGCCAAGGTGTACACGGETGAGATGGGCCGTC TGAAGAGC TACGAG
S I RQ YELV V HEDMUDTA AIZRKYYTSGUEMGRILK S Y E

AACCAGAAACCCCCCTTCGATGCCAAGAATCCATTCCTGGCTGCTCTCACCACGAACCGGAAC TGAACCAAGGCACTGAGAGGCATCTA
N Q K P P F DAKNZPUPFILAAYV T TTNRIK|LNOQGTER HL

ATGCACCTGGAATTCGACATC TCAGAC TCCAAGATCAGGTATGAATC TGGAGATC ACGTGGCTGTGTACCCAGCCARJGACTCCACCCTG
M HL ¥ L DI S DSXKTUIUZ RYESSGDU HBVAVYVYZ?PANIDS TIL

GTCAACCAGATTGOGGAGATCCTGGGGGC TGACCTGGATGTCATCATGTC TC TAAAC AATCTCGATGAGGAGTCGAATAAGAAGCATCCG
vV N Q I GE I L GADIUILUDVIMSILNNILDEZESNK XK H P

PICCCCTGCCCCACCACCTACCGCACGGCCCTCACCTAC TACCTGGACATCAC TAACCCGCCACGAACCAACGTGCTCTACGAGCTGGCC
F P CPTTOTTYRTATLTZYZYULDTITNZPZ®PRTNJUVILTYETLA

CAGTACGCCTCAGAGCCCTCGGBGCAGGAACACCTGCACAAGATGGCGTCCTCCTCCGGCGAGGGCAAGGAGCTGTACCTGAGCTGGGTG
Q YA S EP S EQEHULHKMMASS S G E G K BEL YL S WV

GTGGAGGCCCGEAGGCACATCCTAGCCATTC TCCAAGAC TACCCGTCCCTGCGGCCACCCATCGACCACCTGTGCGAGCTCCTCCCGAGG
V EARURUEHTITLAILO QDT YU®PSILRZ®PUPID HTLTCGCETLTILTPR

CTGCAGGCCCGCTEC&AETCCAmTGCCTCGTCGTCTAAGGTCCACCCCAACTCCGTGCACA&CTGCGCCGTGGCTGTGGAGIAEGAAGCG
L Q AlIR Y ¥Y s I A S 8§ S K VHP NSV HI C AV A V E|Y E A

AAGTCTGGACG&GTGQACAAGGGGGTGGCCBCCAGCTGGCTTCGGACCAAGGAACCAGCAGGAGAGAAIGGCCGCCGGGCCCTGGTCCCC
X S G R VN X GV ATSWILRTIXZEZPA AGENGR R A L V P

AEGTTCGTCCGCAAGTCCCAG&TCCGCTTGCCTTTCAAGCCCACCACBCC TTATCATGGTGGGCCCCGGCACTCGGGTTGCCCCTTTC
M F VR KS QVPFRULUZPTVFXKZPTTZP|IVIMUVG P G T G V A P F

ATGGGCTTCATC! O TTGGC TTCGAGAGC AAGGCAAGGAGGTCCGAGAGACGCTGC TCTACTACGGC TGCCGGCGCTCGGAT
M G F I Q E R|]AWILUREUOGT KEUVGETULL Y Y G ¢ R R S D

GAGGACTBICTGTECCGCGAGGAGCTGGCGCGCTTCCACAAGGACGGCGCCCTCACGCAGCTTAAIGTGGCCTTTTCCCGTGAGCAGGCC
E D YL YRETETULA ARYUYFHIEKDGA ATLTQ L N V A F S R E Q A

CACAAGGTCTATGTTCAGCACCTGCTCAAGAGGGACAAAGBGCACCTGTGGAAGCTGATCCACGAAGGTGGEGCCCACAECTATGTCTGC
H K V Y VQ HLLIXKUZRDIKTEU HULWEKL I HE G G A H I Y V C

GGGGATGCTCGAAAEA&GGCCAAAGATGTGCAGAACACAETCTATGACAECGTGGCCGAGTTTGGGCCCATGGAGCACACCCAGGCTGTG
G DARUNMMAIKTDVYVYOQNTTT FYDTIUVA E F G P M EH T Q AV

GBCTATGTTAAGAAGCTCATGACCAAGGGCCGCTDCTCGCTGGAIGTATGGAGCTAGGAGCTGCCGCCCCCCACCCCTCGCTCCCTGTAA
D Y V K XK L M T KGR Y S L DV WS

TCACGTCCTTAACTTCCTTCTGCCGACCTCCACCTCTGGTGGTTCCTGCCCTGCCTGGACACAGGGAGGCCCAGGGACTGACTCCTGGCC
TGAGTGAIGCCCTCCTGGGCCCTTAGGCAGAGCCTGGTCCAETGTACCAGGCAGCCTAGCCCAGCCCAGGGCACBIGGCAAGAGGGACTG
MC”CMWMMCCWNTMNTN'ICICCACAGAGC'I'GGGGIGCWCCCA&
TGTGAETTTGAATGBGTGTAAATAAETTTAAATAACCTGGCCCTTGGAATAAAGTTGTTTTCTGT

Fig. 1
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Mouse NADPH-cytochrome P-450 Oxidoreductase: Molecular
Cloning and Functional Expression in Yeast
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Fig. 2. Clusters of conserved acidic residues of P450 reductases from
various species. Regions containing conserved acidic residues around
the predicted FMN-binding domain are shown. Dashes indicate gaps
inserted to optimize sequence alignment. Acidic residues are indi-
. cated by shading. The amino acid data of P450 reductases are quoted
from the sources in square brackets; the rat [5], human (8], guinea-pig
[16], rabbit [7], Arabidopsis thaliana [12], mung bean [12), Candida

tropicalis [10], Schizosaccharomyces pombe [11], Saccharomyces cere-
visiae [9).

gested with HindIl followed by insertion into
pAAHS. The nucleotide sequence of the ampli-
fied DNA was determined and no base-
substitution due to PCR was found.
Saccharomyces cerevisiae YPH500 (a, ura3-52,
lys2-801, ade2-101, trpl A63, his3 A 200, leu2 A1)
was transformed by the expression plasmids or
the vector pAAHS. Yeast cultivation and prepa-
ration of yeast microsomes were carried out as
described [19]. NADPH-cytochrome ¢ reductase
activity was determined by measurement of
absorbance change at 550 nm at 25C. The reac-
tion mixture consisted of 0.35 M potassium
phosphate buffer (pH 7.6), 50 # M cytochrome c,
1 mM KCN, 42 #M NADPH and approx. 20 # g
protein of yeast microsomes.

The nucleotide and deduced amino acid se-
quences of the mouse P450 reductase share high
identity with those of other mammalian P450
reductases (Table 1). In particular, the identity
of the mouse P450 reductase with its rat coun-
terpart is remarkably high (98.4 % ). The strong
conservation of the primary structures among
P450 reductases implies the importance of the
function of this unique enzyme.

It has been proposed that P450 reductase in-
teracts with P450 by charge-pairing [20-22]. The
sequence alignment of amino acids of P450
reductases from various species reveals that
acidic residues of the enzymes are conserved
better than basic and neutral residues. Three
clusters of the acidic amino acids are found
around a predicted FMN-binding segment [9]
(Figs. 1 and 2). The first and third clusters over-
lap with the regions of the rat P450 reductase
that have been identified by chemical modifica-
tion studies as segments responsible for interac-
tion with P450 [23-25]. Therefore the negatively

Table 1 Percent identity of nucleotide and amino acid

sequences among mammalian P450 reductases

Rat Human Guinea-pig Rabbit

Amino acid 98.4 91.6 91.4 90.0
Nucleotide 94.2 82.7 81.1 84.4

Nucleotide and deduced amino acid sequences of dR25 are com-
pared with those of P450 reductase cDNAs from the rat [5), human
[8], guinea-pig [16] and rabbit [7]

Table 2 Cytochrome c reductase activity of micro-
somes prepared from transformed yeast

Cytochrome ¢ reductase activity
(nmol cytochrome ¢ reduction/
min per mg microsomal protein)

YPHS500/none (control) 214+ 35
YPH500/dR25Apart 18.6+ 4.1
YPH500/dR25Awhole 279 +44

Cytochrome ¢ reductase activity was determined as described in the
text. YPH500/none, YPHS500/dR254part and YPHS500/dR254
whole represent yeast YPHS00 transformed by pAAHS5 carrying no
insert, dR25 lacking noncoding regions in part and dR25 lacking
whole noncoding regions, respectively. Values are means+S.D. for
samples of microsomes prepared from three independent transfor-
mants.

charged residues in these clusters may play an
important role in electrostatic association with
positively charged residues of P450 molecules.

The vector pAAHS carrying a constitutive al-
cohol dehydrogenase promoter and terminator
was used for expression of the mouse P450
reductase in yeast. First we prepared a trun-
cated dR25 cDNA containing 30 bp of the 5" non-
coding region and 305 bp of the 3" noncoding
region, but no increased activity of cytochrome
¢ reductase was measured in microsomes of
yeast transformed by the truncated dR25 (Table
2). Then the other modified dR25 ¢cDNA that
lacked whole noncoding regions was prepared
by PCR-based mutagenesis. Microsomes from
yeast transformed by the modified dR25 showed
high cytochrome ¢ reductase activity compared
with the control yeast microsomes (Table 2). We
have isolated a hamster P450 reductase cDNA
clone (unpublished results). In contrast to the
mouse P450 reductase, the hamster P450
reductase has been successfully expressed using
the cDNA containing 55 bp of the 5" noncoding
region and 326 bp of the 3° noncoding region.
Thus, not only length but also nucleotide se-
quence of non coding regions of P450 reductase
cDNAs might affect their expression efficiency
in yeast cells.

P450 reductase is the essential electron car-
rier for P450s. Since the activity of endogenous
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P450 reductase is generally low in yeast and cell
lines, we are investigating stable and high ex-
pression of mammalian P450 reductase in these
reciplent cells [26]. Since highly expressed P450
reductase enhances the activity of P450 ex-
pressed simultaneously [8, 26-29], the recombi-
nant cell expressing the mammalian P450
reductase will be useful for precise characteriza-
tion of various P450 isozymes.

We wish to thank Drs. T. Sugiyama and N.
Taniguchi of Osaka University for providing the
rabbit P450 reductase cDNA.
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