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RE2Q)ollA] AJ4E= = conjugated linoleic acid (CLAY= W9
u]AE-2] bichydrogenation (BH)°lgl= A B3t Aits=
AR e, 2 ZARE Bo| s = linoleic
acid (LAY cis-12 el o]F Ao isomerzation= O] srans-
= H3tE dele] xbelct CLAZE /17ke] A7 w|A=
FIoRE PP, U, AXLYAAE, AGHFTE Fo= o9}
At g2 =Fo] BxHT ok

1960'Ath 9t 1970'dTHE AA W59 Ado] BHS} @€ §
L& AlFo] EHAUTE Kemp} Lander (16y= E2]E vlYE2]
At HE S 7122 Sl group A9} group BEOE L}
FAck BHO| 213k group A A2} HF Ak F2 rans-
11-octadecanoic acid (vaccenic, VA)©]™ group B octadecanoic
acid (stearic, SA)O]V/]—.

Polan 525y 1259 W9 A& ¥ g & 159 BH
FHE FA8 BT 2% F F9 Bugrivibrio fibrisolvens
A389} DI19lA LAEZ CLAZ H3A7|= AL 3T
Kemp T(18)% 559 w59 AliolA BH 535 H<lsled n|
AEE FASIA F2/6 (Ruminococcus sp.), F2/12 (Eubacterium
sp.), W461 (Eubacterium sp.), P2/2 (Fusocillus babrahamensis)
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Buyrivibrio fibrisolvens© 2 °F 65%2] CLAE 4L
ZOE HIlEl §Irh(25).
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HHE2l o X4, Fo M X

WA RS AFe) st B9 Asdrt e 28
A HAE o]83tRoH, FAFTEL 9 3 kg @EVIE) A
Z AMLFRAS 27 kg (BE7F) EFTALE(91.5% wheat,
2.5% molasses, 0.5% soya oil, 5.5% minerals, vitamin)Z 23]
et FsIAoH B& RIS AIAT YL v
9 AEHE B3t WHol 1 em¥ IFP=o| Rakg do|=
£ T3kl 713 defellA Ao

LA Ak YAtell BEE o] gle Fgole £l 9
skl HMZIZ of 3023t P8 F4E M F 7 FY
cheesecloth® AR YAE B8t ch £28 B 3 1 ml
£ #Fslo] A (2x10* TU mlmie] benzylpenocillin, 2 mg ml/
ml®] streptomycin sulphate, Sigma, Poole, UK) 7} 2 hay
sloppy HJAI(HS; Table 1)oll HE 3t 39°CollA] 347t wieF &
olF 10%E FHst A7 FrHA 2 HS viA] ol A chn)
& stRen ol F 23] HHESGT At Yy F £ WS
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Table 1. Composition (per litre) of Hay Sloppy medium, Cellobiose
Agar medium and Cellobiose Sloppy medium used for culture and
isolation of IS-13 rumen fungus

Component Hay Cellobiose  Cellobiose
Sloppy Agar Sloppy
Solution A* (ml) 165 165 165
Solution B® (ml) 165 165 165
Rumen fluid® (ml) 170 170 170
Resazurin® (ml) 2 2 2
NaHCO, (g) 5 5 5
Yeast extract (g) 2 2 2
Peptone (g) 2 2 2
Cys-HCI'H,0 (g) 0.2 0.2 0.2
Agar (g) 1 15 1
Hay*(g) 3 0 0
Cellobiose (g) 0 3
Glucose (g) 0 0 0
D.W. (ml) 485 451 485

3Solution A contained (g/L deionised water): KH,PO,, 3; NaCl, 6;
(NH,),S0,, 3; CaCl,, 0.3; and MgSO,, 0.3.

"Solution B contained 3 g K,HPO,/L deionised water.

‘Rumen fluid was filtered through 4 layers of cheese cloth, centrifuged
for 30 min at 11,000xg, autoclaved at 125°C for 15 min, centrifuged
again for 30 min at 11,000xg, gently bubbled with O, free-CO, gas,
and stored at 80°C until used.

40.1% resazurin solution.

‘Field-cured grass hay (mostly Lolium perenne, Lolium Multiflorum
and Phleum pertense); oven-dried then ground using a blender for 5 min
fPurite water with 0.2 micron filtration (Purite Ltd, Oxford, UK) suffi-
cient to make up to 11.

e 2lole] LPARE FRIEly] st dv)A T} spectro-
photometerS ©]-&-3to] vkl F AE3) USR] FE+= vH
o2 #F T 0DE WY SHs e Bl LdHA
o W9 Tgo] Ui F 1 mlE FHI FEE Y F
Cellobiose Agar HlZ|(CA, Table 1, 157} E+H roll tubesoll 3
Z3lo] 39°ColA oF 4-5U%F Fr)VdElE vdstAT). Roll tube
el AAE ZFo] colony= BHE 8 IR0 cm)S ©&
st AEstgem olg HS HiA|o] FFst 39°CollA 5U3t
vjeksldnh 22818 18-1333°])9] CLA Aiksee Golrr] ¢
shed 2 Aol A8kt

HEZEQ| ZT0[9] CLA 44t % pH H &}

B Ado| AlgE AHE-E AW linoleic acid (LA, CI18:2,,
sy EAE Kim 5(19)2] Wl bt Axsich 2€ Is-
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ok A9 1S-13 TA F 9F 0.1 g (wet weightys HAFAE
o] g-&le] a3 & 1 mle] DNA 52 buffer (0.7 M NaCl, 1
M Na,SO,, 0.1 M TrisHCl pH 7.5, 0.05 M EDTA, 1% SDS)
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Internal transcribed spacer 1 region Z=& 2I8t primer ¥
PCR =71

ITS region®] DNAE 5F3}7|91% primers primer A; 5'-
TGTACACACCGCCCGTC-3', primer B; 5-CTGCGTTCTTCAT
CGAT-3'& AHE3FRIL(20), Bt Clontech AlE2] 0.2 um dNTPs
200 um MgCl, 05 mM KCI; 50 mM TrisHCl pH 84; 10
mM) 0.25 unit Tag polymeraseE AF8-3}$1T+ DNA amplifica-
tiong 3 PCRS) &71& HZ denaturation 94°ColA] 24 13,
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72°Cel A 1584 353 RbE-Std 83k ith. PCR products=
pUC18 Mspl Digest (Sigma, USA) ladder?} #7 3% agarose
gelol A} A719%52 3led PCR product bandS 13 5, Fo}
2JE PCR product® QIA-quick-spin PCR “3A]| column (Qiagen,
UK)S AH8-31 AR F A7IAE B4 A 82 AMg3ldnt

DNA &7|MY 24 % homologyE4

DNA sequencer (CEQ system, ver.8.0.52, Perkin Elmer USA)
g o] &3] BT GenBankoll A AlFsh= 23 &) wt
%9 =] ITS1 1DNA F7IMEQ, 5, 27)7 18-135FF0] 9
ITS1 DNA 71X E3 Blwslr] st AMSE softwares
CLUSTAL W program (12)& AM&-st@em 2Zv Fgo] 2t
homology #-2-2 Saito9} Nei (26)2] HH-S ARSI
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Fig. 1. Effect of linoleic acid solution (LA + dH,O + BSA) supple-
mentation on pH by IS-13 rumen fungus. Anaerobic incubation was
conducted at 39 °C for 72 hr.

2 7

IS-13 F2012] CLAM A A pH ¥ 5}

B AFe deol 2ed 18-13 53019 BH A4t HE,
CLA A2t 59 9 Fgo] ko] pH WS olrr] 3t
o AAletA). wjekde] 27] pHe 6.728 VeI, viek
9AIZEE 6.652 ZANE O] YA HjkA|Zre] HAXHA v g
9] pHE Zradhe A%S JeRIATh 2eiuh 9417 o] % wlj<k
de] pHe oA S7Fhe Aoz ZAEEY o2l 57t 7
ke wjok 2447717 X&H T 244]7F o|FHE] v FBA
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23} o] =23 AT} 1S-13FF0]9 dnaeromyces sp. (AUC-
1, AUC2)HIE 68-70%, 1S-139} Piromyces sp. (PCG-1, PAC-
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Fig. 2. Biohydrogenation by IS-13 rumen fungus incubated with
linoleic acid in HS medium at 39°C. Chromatograms (A to D) show
progressive depletion of linoleic acid and accumulation of CLA and
trans-11 vaccenic acid by IS-13 rumen fungus over 9 hr incubation.
Linoleic acid was decreased with increasing CLA and frans-11
vaccenic acid during incubation period by IS-13 rumen fungus.
Linoleic acid was supplemented after 24 hr pre-incubation of 1S-13
rumen fungus.
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Fig. 3. Electrophoretogram of PCR amplified product using ITS1
rRNA regions primer from genomic DNA of IS-13 rumen fungus.
Lane 1, pUC18 Mspl Digest ladder; lane 2, Negative control; lane 3,
4,1TS1 of IS-13 rumen fungus.

1, PAK-1, PCS-1, PLA-1)= 34 61.7%A &l 75%71A] o
&5t AAEAS JeERAA L, 18-13 3]} Neocallimastix sp.
(NMW-3, NMW-4, NP, NFa, NF, MNW-5, NCS-2, MNW-2,
NSC-1, NUC-1, NMG-2)7}+llE 74-76%2] homologyS H.F9]
o 1813 FFolet Caecomyces sp. (COT 67% I
Glomus sp. (Gspy= 40%Z & A5 A70E B Tk v
H, 18-13 FB0l= Orpinomyces sp.8t I3l s & A
4L B F=d, £3] 0UC-13} 98%2] rRNA sequence”t
dzjshe Aoz yehgth I 9ex OUC-l1a 89% 123
OUC-1b9} 95%7} LAIsHE). wetd B A Asje] olsia
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Table 2. Sequence pair distance (%) of 23 different fungal genus
(species) in the rumen

Isolate  Rumen fungal genus® Percent identity =~ GenBank
code (species) (%) no.
AUC-1 Anaeromyces sp. 70 AF170187
AUC-2 Anaeromyces sp. 68 AF170188
PCS-1 Piromyces sp. 75 AF170206
OUC-1b Orpinomyces sp. 95 AF170190
OuC-1 Orpinomyces sp. 98 AF170191
OUC-1a Orpinomyces sp. 89 AF170189
NMW-4 Neocallimastix sp. 75.2 AF170200
NMW-5 Neocallimastix sp. 72.8 AF170201
NMW-3 Neocallimastix sp. 75.7 AF170199
NCS-2 Neocallimastix sp. 76.2 AF170195
NP N. patriciarum 72 AF170197
NMW-2 N. frontalis 78.1 AF170198
NUC-1 N. frontalis 73.9 AF170202
NF N. frontalis 75 AF170192
NMG-2 N. frontalis 73.9 AF170196
NFA N. hurleyensis 75 AF170193
NCS-1 N. frontalis 74.9 AF170194
PCG-1 Piromyces sp. 71.7 AF170205
CcC Caecomyces communis 67 AF492020
PLA-1 Piromyces sp. 71.5 AF170207
PAK-1 Piromyces sp. 69.5 AF170204
PAC-1 Piromyces sp. 69.5 . AF170203
GPS Glomus sp. 40 i AY174699

"Retrieved from GenBank

IS-13 FFo|= Orpinomyces 22 HHHT]
in i}

B9 mlAE] BHe B A= 1960l AJFEo] |
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W, Kemp 5(17)& 2%9] CLAS VATHS A&t Bas)
Act. ol F ujdrZY, FUeE Akatel B, wiAW pH,
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ABSTRACT : Isolation and Identification of Rumen Fungus and Its Produced Conjugated Linoleic Acid
In Sik Nam (National Livestock Research Institute, RDA 564, Suwon 441-706, Republic of

Korea)

The aim of this study was to isolate and identify rumen fungus which produces conjugated linoleic acid. IS-13
fungus hydrogenated conjugated linoleic acid and #rans-11 vaccenic acid within 12 hr after addition of linoleic
acid. The homology of IS-13 rumen fungus was compared with internal transcribed spacer 1 region (ITS1)
sequences of twenty three rumen fungi. The length of ITS1 region of IS-13 isolate was 218 bp. IS-13 isolate has
the most similar sequence (98% matched) with Orpinomyces species according to maximum-likehood and dis-
tance matrix results. The result supported that IS-13 isolate belonged to Orpinomyces genus.



