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Abstract

Molecular weight and partial amino acid sequence of the cis,9-cis,12-octadecadienoate isomerase(linoleate
isomerase) of Butyrivibrio fibrisolvens A-38 were determined. Linoleate isomerase was isolated from the bac-
teria cultured anaerobically and purified by ultracentrifugation in conjunction with Sepharose 6B column chro-
matography, Phenyl sepharose 4B column chromategraphy and fast performance liquid chromatography (FPLC).
The isomerase was a single polypeptide with 19KD of molecular weight, when determined by SDS-PAGE.
Fourteen amino acids sequence of N-terminal of the linoleate isomerase was N-GEIDKYPRRIIKQQ determined

by Edman method.
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INTRODUCTION

Conjugated lincleic acid{CILA), originally isolated from
grilled ground beef(1) and established as a potent cancer
inhibitor in several animal models(1-4), is a collective
term which refers to a group of naturally occurring iso-
mers of linoleic acid containing conjugated double hond
systems. Currently CLA has been recognized {or its abil-
ity to reduce the cataholic effects of immune stimulation
in mice, rats and chickens without adversely affecting
immune function{3), to stimulate the growth and devel-
opment of rats(6), and to reduce serum cholesterol level
in rabbits(7). Furthermore, Belury(8) and Gurr{9) exten-
sively reviewed the hiological function of CLA.

The cis9-trans,11 CLA isomer, recognized as bio-
logically active principle(Z), is present in virtually all
fonds, but the principal dietary sources are dairy pro—
ducts and other foods derived from ruminant animals
{10-12). The cis.9-trans, 11 CLA isomer is produced as
an intermediate in the bichydrogenation of lincleic acid
by the anaerohic rumen bacterium Butyrivibrio fibri-
solvens(Fig, 1). Seemingly, some of the CLA produced
in this way escapes conversion to stearic acid. is ab-
sorbed from the digestive systemn, and is subsequently
incorporated into tissue lipid.

;
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In 1960s, Tove group in University of North Carolina
studied intensively the properties of biochydrogenation
of linoleic acid in the rumen by Butyrivibrio fibrisolvens
(13,14) and established some general enzymatic pro-
perties(kinetics, pH stahility, heat stability etc.) of the
crude linoleate isomerase. Since then, & few reports
were published in the 1970s(15,16), but so far the con-
cern of biochemists or molecular biologists was not
reached at the isomerase due to no further interest in
this microorganism. Discovery anticarcinogenic activity
of CLA in 1987 by Ha et al.(1), however, had led many
scientists including oncologisis, nutritionists, and food
chemists to attract the CLLA as a pharmatheutical and
a health food ingredient use

Current researches of CLA were principally focused
on the mechanism by which how CLA acts as anticar-
cinogens and. in addition, on the utilization of CLA as
food ingredients. However, enzymatic nature of lin-
oleate isomerase and the reductase was not intensively
studied, so we are the first to investigate the linoleate
isomerase in the point of molecular levels.

Present study describes the purification of linoleate
Isamerase from Butyrivibrio fibrisolvens A-3% and the
N-terminal amino acid sequence of the enzyme.
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Fig. 1. Biohydrogenation of linoleic acid by Butyrivibria
fibrisolvens.
[t was carried out in a two-step reaction. In the first
step, linoleic acid 15 converted to the cis,9-trans, 11-
octadecancic acid(a CLA isomer) by lincleate isom-—
erase. In the second step, the CLA is converted to
the trans, 11-octadecanoic acid and/or trans,9-oc—
tadecanocic acid by CLA reductase.

MATERIALS AND METHODS

Reagents

Tryptic soy broth and yeast extract{Difco, Detroit,
MI, USA), resazurine, L—cysteine - HC, 1,3-propanedial,
actylarnide, NN’ -methylene-hisacrvlamide, tris[hydr-
oxylmethylJaminomethane, sodium dodecyl sulfate, se—
pharose 6B, and phenyl sepharose 4B(Sigma Chemical
Company, St. Louds, MO, USA) and Bradford reagent
(Bio—rad, Hercules, CA, USA) were used. Polyethylene
glycol(#20,000) was purchased from Shinyo Pure Che-
micals{Minoo, Osaka, Japan). Acetonitrile, dichlorome-
thane and methanol from Merk(Darmstadt, Germany)
were all HPLC grade. All other chemicals used were
the reagent grade.

Cell culture

Butyrivibrio fibrisolvens A-38{ATCC 27208) {from

the Amencan—type culture collection(Rockville, ML, TUSA)
was anaerohically cultured according to the method of
Kepler et al.{14). The culture medium was degassed with
a gas mixture(95% COp and 5% Hy) until the medium
color turned into yellow, followed by inoculating the
starter of Butvrivibrio fibrisoluens A-38 grown for 18
br at 37°C. The large—scale culture (20L) was achieved
hy the scale-up procedure, which was a successive four-
step-cultures using 10% inoculum each : first 20ml cul-
ture, 200mi culture, 21, culture, and finally 20L culture.

Cell-free preparation

The cells, harvested by centrifugation at 8,000g for
10min and washed twice with 2~3 volumes of 0.1M
potassium phosphate butfer(pH 7.0}, were ruptured us-
ing the Bead-beater(Biospec Products, Bartlesvile, O,
USA}L The cell lysate. separated from beads by cen-
trifugation at 8,000g for 20min, was further centrifuged
according to the procedure described in Fig. 2. The pel-
lets derived from the last ultracentrifugation(133,000g
for 3 hours) was suspended with 0.1 potassium pho—
sphate buffer(pH 7.0) and it is designated as a crude lin-
oleate 1somerase. The crude enzyme was divided into
a 2mil cryogenic vial{Corning, New York, NY, USA) and
stored frozen at —70°C until use.

Purification of linoleate isomerase

The crude enzyme was further purified at 5°C by
a series of column chromatography, using the Econo

! Distrupt bacterial cells \

|
[ Centrifuge(10,000g, 15 min) |

_
‘ SupernatantJ F
!
[ Centnfuge{34.000g, 30 min, 2 times} T

i i
| Supernatant T r_ Pellet = Discard l

5
L Ultracentrifuge{133.000g. 3 hr) |

[ Pellet | Supernatant = Discard |

|
‘: Suspend with fresh phosphate buffer |

Pellet = Discard ]

Fig. 2. Procedure for the preparation of crude linoleate
isomerase enzyme. All operations were perfor—
med at 0—~4°C. The crude enzyme subdividied
into a 2 ml aliquot was stored frozen at —70°C.
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system(Bio—Rad, Herculus, CA, USA). First, Sepharose
6B column chromatography was adopted to fractionate
the crude enzyme with an isocratic elution, using po-
tassium phosphate buffer(0.1M, pH 7.0). Phenyl se-
pharose 4B column chromatography was also used by
a gradient systermn using 1M (NH4):504 and 0.1M po-
tassium phosphate buffer(pH 7.0) with an Econo pump
{Bio-Rad, Herculus, CA, USA). In hoth cases, eluent
was monitored at 280nm with Econo systern. Finally,
fast performance liquid chromatography{FPLC) packed
with Supercse 6 was used to purify the enzyme using
phosphate buffer{0.1M, pH 7.0} using a Pharmacia FP-
LC Model LKB LCC-500 PLUS(Uppsala, Sweden).
The fraction exhibited activity was concentrated in
a 15ml centrifuge tube by speed vacuum concentrator
(Bondiro, IL SIN engineering, Korea) or in a molecu—
lar porous membrane{M. W=6 000 ~8,000; Spectrum, La-
guna Hills, CA, USA) by polyethylene glycal(#20,000).

Electrophoresis

Electrophoresis was performed on a 12% SDS-PAGE,
using upper buffer(0.5M Tris-HC, pH 88) and low bu—
[fer(1.5M Tris-HCl, pH 6.8), using Bio-Rad mini-PRO-
TEAN II electrophoresis model equipped with Hoefer
Scientific Instrument power supplier(San Francisco,
USA). Sample loaded on the gel was prepared by heat-
ing in a mixture of 1 volume protein solution and 4 vol-
ume buffer{62.5mM Trs-HCl, pH 6.84+10% glycerol
+226 SDS+52% B-mercaptoethanol) for 4 min at 95°C.
Molecular markers used were phosphorylase B(106,000,
bovine serum albumin(80,000), ovalbumin{49,500), car-
honic anhydrase{32,500), soybean trypsin inhihitor{Z7,500),
lysozyme(18500), The protein bands separated was st—
ained by coomassie blue.

Assay of linoleate isemerase activity

Enzyme solution(100u]} was added to the reaction mix—
ture!{1,3-propanedicl 0.3ml+0.1M potassium phosphate
buffer, pH 7.0, 3.7ml +linoleic acid 2001g) preincubated
at 35°C for 5 min and then reacted for 30min at 35°C(15).
CLA produced was extracted with hexane, washed with
water and monitored at 233nm with UV spectrophotom-
eter{Beckrran DU-600, Harbor Blvd-Fullerton, CA, USA).

HPLC analysis of CLA produced was also performed
to predict enzyme activity, For HPLC analysis, CLA
produced was derivatized with 4% HzSCs/methanol by
boiling in a hoiling water bath for 10min. The CLA me-

thylester was extracted with hexane and washed with
water. After removing the remaining water under NazSQy,
the hexane solution was dried under vacuum and res-
uspended with methanol for HPLC analysis(2). Enzyme
activity from the reaction of 30min at 35°C was repre—
sented 23 absorbance unit/mg protein for the case of
UV absorption analysis and CLAmMg/mg protein for the
HPLC analysis.

Determination of protein

Protein concentration was deternmined by the method
of Bradford(17). Bovine serum albumin was used as
a standard protein.

Determination of amino acid sequence

Protein band separated by SD5S-PAGE without stain-
ing was blotted by PVDF membrane{Milipore, Bedford,
MA, U.5.A.). Blotting was performed by electropharetic
transier kit{L.KB, Miliford, MA, T.5.A). On the electro-
phoretic transler kit, were placed in the order by the
SMM filter paper{Whatman, Maidstone, England) soaked
in an anade bulfer I{0.3M Tris-+ 10% MeOH, pH 10.4),
the 3MM filter paper soaked in an anode huffer 1 (25
mM Tris+10% MeOH. pH 10.4), a PVDF membrane,
the gel containing protein separated without staining,
and M filter paper soaked in a cathode buffer{2omM
Tris+40mM glycine+10% MeQOH, pH 94). Blotting
to PVDF membrane was initiated by connecting the
power supply. Amine acid sequence of the blotted protein
was determined by automated amino acid analyzer{His—
ashi Hirano, National Institute of Agrobiological Re-
sources, Ibaraki, Japan){lX),

Determination of reducing sugar

Reducing sugar content of samples was determined
by the method of Somogyi-Nelson{19}. Sample(lml} was
taken in a screw-capped test tube containing 1ml of so-
lution A(420mM NaxCOs+120mM Rochelle salt+ 240mM
NaHCOsz+4 1.41M NazSO, - 30g CuSOs+200ml distilled
water containing 4 drops of c-Ha504=25 : 1, v/v) and he-
ated in a boiling water bath for 20min. 20min after cooling.
Iml of solution B [43mM (NH)sMor O] was added and
vortexed, Total volume was adjusted to 25ml using
water and then the absorbance was measured at 520nm
hy UV/VIS spectrophotometer(Beckman DU-A00, Harbor
Blvd-Fullerton, CA, USA}. Glucose was used as a stan-
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dard substance.

RESULTS

Purification of the linoleate isomerase

The crude linoleate isomerase was purified by Se-
pharose 6B colurrn chromatography{Fig. 3). The linoleate
isomerase activities of the three fractions(PK I, PK 1T,
PK III) separated were found to be 1.48unit/mg, 0.31 unit/
mg, and 0.19unit/mg. respectively, the facts that the most
enzymatic activity was found in PK 1.

The PK 1 was further purified by Phenyl sepharose
4B column chromatography and was subfractionated
into four [ractions(PK I-1, PK [-2. PK. 1-3, PK 1-4) as
shown in Fig. 4. Lincleate isomerase activity of four fr-
action{PK I-1, PK 1-2, PK I-3, and PK I-4) separated
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Fig. 3. Sepharose 6B column chromatography of the crude
linoleate isomerase.
Sepharose column was equilibrated and isocratically
eluted with 0.1M potassium phosphate buffer{pH 7.0).

Detector response

was 3.2unit/meg, 2.6unit/mg, 2.9unit/mg and 6.4unit/mg,
respectively, as shown in Fig. 5. These results indicate
that PK I-4 is the major lincleate isomerase, o that the
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Fig. 5. Absorbance at 233nm due to the formation of
CLA from linoleic acid by PK I-4.
The peaks seperated by Phenyl sepharose 4B column
chromatography shown Fig. 4 were reacted with
lincleic acid for 30min at 35°C.
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Fig. 6. Purification of linoleate isomerase(PK I-4) by
FPLC.
FPLC column packed with superose 6 was equili-
hrated and isocratically eluted with 0.1M patassium
phosphate buffer(pH 7.0,
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Fig. 4. Fractionation of PK1 shown in Fig. 3 by Phenyl sepharose 4B column chromatography.
Phenyi sepharose 4B column was equilibrated with 1M (NHa)z S04 Sample was eluted by a gradient with 1M (INHy)z

504 and 01M potassium phosphate(pH 7.0} as shown.
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Fig. 7. HPLC chromatogram of CLA methylester deriv—-
ed from linoleic acid by the reaction with PK I-4.
Reaction mixture contained 0.2mg of lincleic acid,
0.3ml of 1,3-propaneciol, 3.3ml of O.1M potassium
phosphate buffer and 0.1mg of PK I-4. Analytical
conditions: HBendapak Cis column (3.9 % 300mn); mobile
phase{AcCN water=80"20, v/v); and flow rate, 0.5ml/
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Fig. 8. HPLC chromatogram of the CLA methylester
standard.
Analynical condition was the same as shown in Fig. 7.

PK 1-4 was subjected to FPLC analysis. Fig. 6 showed
the chromatogram of the PK I-4 by FPLC. Only one
sharp peak was observed from the PK I-4, indicating
highly pure protein,

Linoleate isomerase activity of PK -4 was determin-
ed by HPLC analysis. Fig. 7 showed a HPLC chromato-
aram of CLA formed by PK [-4. The peak with reten-
tion time of 16.599 was identified as CLA, compared
to standard CLA chromatogram shown in Fig. 8. CLA
amount produced by PK [-4 and PK T was found to be
6581g/me and 1881g/mg, respectively, indicating that
PK I-4 has 4 times higher linoleate isomerase activity
than PK I{Table 1).

Electrophoresis of linoleate isomerase

Electrophoresis of PK I-4 and PK 1 fractions were
performed on a 1224 SDS-PAGE(Fig. 9). For comparison,
crude lincleate isomerase was used as a positive con-
trol. PK I-4 contained only a single band with 19KD(Fig.
10, hut the crude enzyme exhibited so many bands.
Nondenaturaling gel electrophoresis revealed that the
PK I-4 was a single polypeptide chain(data not showr).

Amino acid sequencing of linoleate isomerase

Fig. 11 showed amino acid sequence of linoleate iso-
merase{PK 1-4) starting from N-terminal to 14th am-
ing acid position, determined by automated Edman de-

Table 1. Comparision of CLA formation” from linoleic
acid by PK I and PK I-4.

Fraction” CLA .
{(Bg/mg protein)
PK1 188
PK 1-4 653

BCLA formation was determined by HPLC. Each fraction
was reacted with linoleic acid in the conditions shown in
Fig. 7

¥PK I and PK 1-4 were from Fig. 3 and 4, respectively

Table 2. Reducing sugar concentration in crude enzyme

and PK I-4
Fraction” Reducing supar({ilg/mg protein)
Crude enzyme 84
PK1-4 A

DFraction reacted must be filtered with watman filter paper
for remaoving the precipitate suspended 1n Somogyi—-Nelson's
reaction mixture

“No reducing sugar detected from PK I-4
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gradation. Two amino acids identity was uncertain: 11th
amino acid{iscleucine or lysine) and 14th amino acid
(glutamate or lysine).

Sugar content in purified linoleate isomerase

Reducing sugar content in PK I-4 and crude linoleate
isomerase was determined by Somogyi-Nelson method
(19, Reducing sugar content in crude enzyme was found
to he B4lig/mg protein, but not found in PK I-4(Table 2}.

DISCUSSION

Linoleate isomerase from anaerobic rimen bacterium
Butyrivibrio fibrisolvens converts linoleic acid to the
cis,9trans,11 CLA during biohydrogenation of linoleic
acid in the rumen, In 1970s, Tove and his colleagues

Fig. 9. SDS5-PAGE of linoleate isomerase(PK 1-4).
Shown is a 12% SDS-PAGE and stained by coom-
assie blue. Lane 1, molecular weight markers: pho-
sphorylase B{106,000), hovine serumm alburmin(80,000),
ovalbumin{49,500), carbonic anhydrase{32500), soy—-
bean trypsin inhihitor(27 500) and lysozyme(18,500):
lane 2, crude enzyme: lane 3, protein(PK I) from se—
pharose 6B chromatography (Fig. 3); and lane 4, pro~
tein{PK 1-4) from phenyl sepharose 4B chromato-
graphy(Fig. 4)
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Fig. 10. Calibration curve for the determination of mo-
lecular weight of linoleate isomerase(PK 1-4),
using the proteins from the SDS-PAGE(Fig. 9).
Molecular weight markers used were phosphorylase
B(106,000), bovine serum atbunin{80,000), ovalbumin
(49,5000), carbonic anhydrase(32,5000), soybean tr-
ypsin inhibitor{27,500) and lysczyme(13 500}

N-GEIDKYPRRIIKQQ

Fig. 11. Amino acid sequence fromm N—terminal segment
of linoleate isomerase(PK 1-4) from Bufyrivib—
rie fibrisolvens A-38.
Aming acid sequence was determined by Edman de-
gradation. The 11th and 14th amino acid identities
from N-terminal were uncertain and both might
be identified as KS.

(13-16) partially purified linoleate isomerase by the ul-
tracentrifugation and studied general enzymatic pro—
perties such as temperature stability, optimum pH, cofac—
tor requirements, reaction kinetics, substrate specificity
and inhibitors. However, they did not study further pir-
Ification and partial or full amino acid sequence of the
enzyme. Thus, protein and molecular natures of this en—
zyme are not completely understood so far.

We are the first to purify and determine the amino
acid sequence of the linoleate isomerase from Butvri-
vibrio fibrisolvens A-38. Linoleate isomerase activity
was dramatically elevated by chromatographic purifi-
cation as shown in Table 3. Activity of the linoleate
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Table 3. Purification of linoleate isomerase from Bufyrivibrio fibrisolvens A-38Y
Total activityg) Specific activityzj

Step Total proteins(mg) (umit) (unit/mg) Yield(%) Purification fold
Crude extract” 1067 117 011 100 1
Crude enzyme” &7.30 49 0.56 515 5.1
Sepharose 6B” 30.40 45 148 162 135
Phenyl sepharose 4B¥ 0.780 5 6.40 300 58.2

Y Butyrivibrio fibrisolvens A-38(ATCC 27208)

? Absorbance from the reaction mixture of protein and linoleic acid
Crude extract from 201 of culture

f)Protein from the crude extract by ultracentrifugation(133,000g, 3hr)
¥PK 1 from Sepharose 6B column chrom atographic

SPK I-4 from Pheny! sepharose 4B column purification

isomerase purified by Phenyl sepharose 4B increased 2. Ha, Y. L., Strokson, M. and Pariza, M. W. : Inhibition of

to a 58.2-fold, compared the activity of crude extract. ben:zo[a]pyre:}e induced mouse fores'tomalch neloplasia by

We found the linoleate isomerase was found to be conjugated diencic derivatives ol linoleic acid. Cancer
Res., 50, 1097(1990)

single polypeptide chain with 19KD when determined 3. Ip, C.,, Chun, S. F., Scimeca, J. A. and Pariza, M. W. : In-

by SDS-PAGE(Fig. 9 and 10). Amino acid sequence hibiticn of rat mammary cancer by conjugated dienoic

from N-terminal of this enzyme was found to be the derivatives of linoleic acid. Cancer Res., 51, 6118(1991)
4. Ip, C., Singh, M., Thompson, H. J. and Scimeca, J. A. !

GEIDKYPRRH(K)KQQ_(K)(F_I% 11). {_:]f the 14 amino Conjugated linoleic acid suppresses mammary carcinogen-
acid sequences, 11th amino acid iscleucine and 14th am- esis and proliferative activity of the mammary gland in
ino acid glutamate were not clearly identified, and so the rar. Cancer Hes., 54, 1212(1994)

both might be lysine. This amino acid sequence did 5. Miller, C. C., Park. Y., Pariza, M. W. and Cock, M. E.:

t show h | i A oth tei . d Feeding conjugated linoleic acid to animals partially over-
not show homology Wilh any Other proteln almmo acy comes cataholic response due to endatoxin injection. Bio—

sequences known, when searched by Blast, indicating chem. Biophys. Res. Commurn., 198, 1107(1994)
that molecular level of the enzyme was not studied yet. 6. Chin, S. F., Storksen, J. M., Albright, K. ], Cook, R. E.
Purified linoleate isomerase(PK 1-4) did not contain and Pariza, M. W. - Gonjugated linoleic aCIfd 154 g,m“'th
duci but crud tained su- factor for rats as shown by enhanced weight gain and
any reducing sugars, put Crude enzyme contamed su improved feed efficiency. J. Nutr., 124, 2344(1994)
bstantial amount of reducing sugar(84mg/mg protein) 7. Lee, K. N., Kritchevsky. D. and Pariza, M. W. : Conju~
(Table 2). These results were not agreement with the gated linoleic acid and atherosclerosis in rabbits, Ather-
ahservation of by Kepler and Tove(14) who observed that . oS CIEWS"? 108, (%9(_1994) 4 diencic I .
linoleate isomerase contained 44% reducing sugar, Hence, - Belury, M. A. ) O.n]ug.ate d%enmc linoleate - ap olyun-
) ) ] o saturated fatty acid with unique chemoprotective pro—
the sugars found in the linoeate isomerase purified by perties. Nutr. Rev.. 53, 83(1995)
Kepler and Tove(14) must he impurities. 9, Gurr, M. A trans fatty acid that is good to eat? Con-
Currently, using the 14 amino acid sequence, we are jugated lincleic acid. Lipid Technol., 7, 133(1995)

cloning the linoleate isomerase from Butyrivibrio fib- 10. Ha.' ¥ L, Gﬂmm N. K and Panza, M W .New}y reco”
pnized anticarcinogenic fatty acids : Identification and

risolvens A-38 and studying the expression of the clone quantification in natural and processed cheeses. J. Agric.

in an appropriate hosts, like E. coli, or lactic bacteria. Fd Chem., 317, 75{1989)

11. Chun, S. F., Strokson, J. M., Lin, W., Albright, K. J. and
Pariza, M. W. : Comugated linoleic acid(9,11- and 10,12~
actadecadiencic acid) is produced in conventional but not
germ-free rats fed linoleic acid. J. Nuir., 124, 694(1994)
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