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hemoglobin subunit alpha (HBA) and hemoglobin subunit beta (HBB)]e| tér MECsel| A4 2]
real time PCR ¥4 2 3% mRNA W3 FE8 RE fFAAAA H0 AAEZMSC)B T A
3 wrar vlfAFel A &3] AFEEE MAC-T cell (bovine mammary alveolar cell line)¥ =}

b
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9] biopsyslel WA 2 sampling S 7He8H Al 319 &

o

F ol AR AEE o] &3 cis9, trans11-CLA A FEA dwld g =

- Soybean oil A7 (0.72+0.00%) <+ W cis-9, trans-11 CLASEH-2 x5 (0.45+0.00%)
Bl 4 Eokal (P<0.05), EPASHES soybean oil 8 77F B %S (P<0.05). ¥
C18:1n9c (Oleic acid), C18:2n6¢ (Linoleic acid)2] 3haF2 thzx 7o Hlsgte] 9ks (P<0.05).

- Ao BdFH cis-9, trans-11CLAsynthesise] ## 7719 candidate proteinsel] t]3F
MECs®l A 9] mRNA THFEe AR A3 ol& 7709 proteing T GNPDAIL, PGAMI ]
RNA @dp3o] Aagd74d3et SA3A soybean oil X el7 By dizToA 4d3] =2
TS Holal d8-S o F ¢S (Independent-samples T-test, P<0.05). o] A¥}Z %3
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SUMMARY

Title:

Application of mammary epithelial cell from milk for improvement of functional

nutrients 1in bovine milk

Aims:

This study was conducted in order to 1) establish a efficient isolation method of
mammary epithelial cells from bovine milk; 2) explore proteins related to c¢is—9, trans-11
CLA synthesis in isolated MECs; 3) compare the individual variation of cis-9, trans-11
CLA synthesis utilizing isolated MECs.

Results:

In study 1, the results showed that the immunomagnetic method used in this study was
effective. The isolated MECs were viable and exhibited the characteristics of fully
differentiated alveolar cells. The total RNA extracted from the isolated MECs owned high
RNA Integrity Number (RIN; 7.8+1.0). The mRNA expression levels of cytokeratin 8
—casein and SCD1 were measured by RT-PCR and all of them had considerably high
expression in the isolated MECs. In addition, another three selected genes
lymphocyte-specific protein (LSP1), hemoglobin subunit alpha (HBA) and hemoglobin
subunit beta (HBB) chosen as markers for purity testing were detected by real time PCR.
Their mRNA abundance in our isolated MECs were all significantly lower than that in
MSCs (P<0.05) and has no difference with that of MAC-T cells, a bovine mammary
alveolar cell line commonly used in lactation research. Moreover, the protein expression
profile of isolated MECs was highly similar to that of MAC-T cells and no albumin was
found in the 2-DE gel image.

In study 2, the milk cis-9, trans-11 CLA content of control group (0.45£0.00%) was
much lower than that of the soybean oil group (0.72+0.00%; P<0.05). The contents of
C181n9c (Oleic acid) and C18:2n6¢ (Linoleic acid) in the soybean oil group were all lower
than those of the control group (P<0.05) whereas the content of EPA was higher in the
soybean oil group. Then seven previously found candidate proteins in our lab that may
related to the cis—9, trans—-11 CLA synthesis were validated in the isolated MECs. Results
showed that among these seven proteins, the mRNA levels of GNPDAl and PGAMI
(Independent-samples T-test, P<0.05) in the control were all significantly higher than
those of the soybean oil group.

In study 3, the effects of the individual wvariation among dairy cows on the cis-9,



trans—-11 CLA synthesis and the related proteins were investigated. The milk cis—9,
trans—11 CLA content of group High (1.02+0.038%6) was about twice as high (P<0.05) as
that of group Low (0.59£0.042%). The desaturation index cis—9 C14:1/(cis-9C14:1+C14:0) in
groups Medium and High were all significantly higher than that in group Low (P=0.010
and P=0.016, respectively). However, neither the desaturation indexes
cis-9C16:1/(cis-9C16:1+C16:0) nor cis-9C18:1/(cis-9C18:1+C18:0) were different among
groups. In milk fat, the total PUFA of groups Medium and High was higher than that of
group Low (P=0.000 and P=0.007, respectively) whereas no significant difference was
observed for SFA, MUFA or U/S. Moreover, a number of differently expressed spots were
observed in MECs from these three defined groups and four of them were identified as
cathelicidin 5 (up-regulated), ZW10 interactor (down-regulated), annexin I (down-regulated)

and kappa casein (down-regulated).

Conclusions:

All the above data demonstrated that the immunomagnetic method used in this study
was competent and the isolated MECs were suitable for transcriptional research; GNPDAI
and PGAMI1 may related to the cis—9, trans-11 CLA synthesis in cows; And the varied
individual content of c¢is—9, trans-11 CLA in cows may associate with these proteins
expression levels. These findings may provide some theoretical basements for the studies
about effects of the individual variation among dairy cows on the cis-9, trans-11 CLA

synthesis.
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cis9, trans11-CLA A4 ## o Oo]: e | 3E

A2d ATLe] Ao

- AT pAES ABe] FAF FA) W 8T Fobd 154 4R FAAT) B8

- AN Sl AAagd dye FE AE 2GR Sk BiRE A s g
E Hor F& o 28 A, 75 Ve =4 S

- CLA+ linoleic acid®] conjugated isomer L& 3lULIH °ol& +F cis 9, trans 11-CLA
= A Al B2 ofdol dol THE ol A HolA 23l Sl 53] anti-carcinogenic
activity(Ha %, 1987; Ip %, 1994, 1996; Scimeca, 1994), W 7]%5 <(Cook &, 1993), T
Ak A e AR B (Lee 5, 1994), D= A5 T3 Cook &, 1993) & 3 v|wt &3}
(Thiel-Cooper %5, 1999) 53 #HE A ZAyr) & o g HFH I L.

- ole} 2L o|FE fF CLAY 3 S7HE 93k A7 EhdelA Ha s \A] vkga oA
trans-11 vaccenic acid(TVA; trans-11 C181)2] CLAZ HwWo| @3t A7 @o| Hayar

- B9 FAHoA TVAZF CLAR®S AW &8e AA CLATA S 60%°] % x&m Atz

Az uwel Hu 90%°] A7 7Ed Aoz A4y QL. wEEEe AL linolenic acid

7 ol ¥34 linseed oil& AFE R o] A% WhEfolA] vAE] 2852 linolenic acid=
A

=
F2 TVAZ hydration® ™Al F-AZ2A oA cis-9, trans-11 CLAZ A

HEge] v sEuv
ol TVAZF CLAZ 70%°]7%°] d¥d 4 ke ozl glo] oj9f #ad CLAARE o
A BT ATE F75 CLATZS 72 & A= 72d7A587F 2 202 AR E.
- olgd HMFEESe A4 % W cis-9, trans-11CLAE 32 o8] 71A] QxS oA =3
% +=d(Dhiman %, 2005), &3] fAlA] cis-9, trans—llCLAFﬁ Shafol] Fgs v A= og <l
g FolA SCD7F 717 .935} el Afol | f Fcis—9,trans-11CLAE 4222 SCDe
oA A # (Griinari &, 2000). SCD+= o8] 7FA QIAE &, S2&ot) AlR Feol 9
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;A AAL EE Al A - Jhesta o] E Fd CLA o3 9A] Ao w xA o]
7}e-8F (Ntambi 2004). AA, vkl F4 Ay A EQ HCl19A cis-9, trans-11CLA A
st o) #olstE vl 2 5 (PDI, LAMRI, PRDX2)7} &=d AH< (Jin %5, 2010).

e
-
o,

o) fazAdA 74 A¥or ¥ olelA Ut CLA 3718 919
W ATE A gl Aol ol g8 FAEAL AHstolof s

g o A% biopsyel SF ZEdzG HFEA} WA AFHEA AAY AT JHAA
o

- wbebA) CLA B4 Bed 4142 9% 2 vl gestd QA 79 B3 9 g
JAE WE ATE DAL ur £40 08T F Y FAYAAE Fusk HY 5ol

AoF <.

- dutd o g AAo FEH FHAL merocrineTH B 02 FAF%L] apocrine FW| 3 e H Y
(28 1) F4 AHAEE Bol x3bstar A Lol Hrp A™LS FF 7)ol R (Table

secretory
product

Pinched off
apical portion
of cell

intact cell

Apocrine

<http: lands.html>

istolo m
9L As R A FRv 3

www.mhhe.com/biosci/a

Tablel. Comparison of total somatic cells and cell tvpe distribution in milk from different species

Cell types

Specices SO Cytoplasmic Epithelial |:\uut|'u|‘lnla Lymphocytes Macrophages
par I 1wcles cells PN
10" cells/'mL 1 'mi 4
Hurmamn LR NINLY] L] S0-90% 5} 59 5
Bowvine 0.07TS Mot observed [Very low levels 5-20 2030 (]
W e 01140 Mot observed [Very low levels 22 10-25 Ty
11 128 o0 4575 310 10-35
Porcine 1 G000 5-10 15-25 510

* Human epithelinl cells: foam cclls and epithelinl cells

Reprod. Nutr. Dev. 42 (2002) 133-147

- wEba 2o A A e §F FMMIMEE 225t XHEHo = CLA9
dehd SEE fd 3 GYzED A YXrER E2S AdtdM= ¢ T A8
AX 3% 7|es F83te o] Zasd Aoz Asd
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1l O
w2 ¥a 3k, (Jin et al,2010; Jin,2011) (2

- 7 dvEde =l 59
%:10-2010-0063519), =< 27 (4

AR

]

Hgv) AEFMACT cells) 2 7% FAYAALE 29 ol §ste] 75 w92

[e]
9 75 A AR pathway A 7 S 95

- 29 somatic cell & %A §A4N AL} Bd FPFFo] Ao AAFE B

& (19 3)

Goat mammary gland Goat milk somatic cell
i < a9 -
Control TWVA injection = Control = Linseed oil
. 8 4
=
2 6 4
=
B
2-DE g s
=
% a
a @ Control @TVA 3 -
g 2s g 23 % 2
B z =
E_ - g 2 = 2
ér. 15 E 1.5 = Control ] n==5
£ g a =-Tva Error bar—SE
§ 0.s E o o
o = PSMAS SCD
PSMAS
e Real-time PCR
- cal-time
Real-time PCR S
Errorbar=SE Goatlinseed oil experiment

PSMAS: proteasome (prosome, macropain) subunit, alpha type S

a8 3. A A xA T 55 somatic cellol A9 PSMASEH 2 o] w3 ok Ak H)

13



O # Ae g9 Mfdel Y R 0 AETE FAPNAEE B0 F
=g e e s aA e 49

of

7h 71 AR B e AlE A AR 1A E2Ee] vlaE7] (1285 £ 2857 days) 104
(F 7t 598 + 43kg) oA -+ AFH(A5L/F)
o 712w AFE 1 BARE 10kg (& 91.5%, ZwlA 1.2%, AW 2.3%, NDF 58.3%,
ADF 36.7%, 3% 83%) + ¥%AIE 13kg (2T A 236%, =AW 5.2%, 3+ 7.0%, Ca
0.7%, P 04%, NDF 19.3%, ADF 8.9%)

t} $HolA AT M E FZ: Dynabeads Pan Mouse IgG, Anti-cytokeratin 8 antibody,

TE ==

2 Magnetic particle concentrator ©]-&3%F immunomagnetic {02 $F HIMEE F=

T add I\‘Iixsa;'pleso Useasimrgn;@nihpu]l

andi-cyiwleratind coated head epithehial cells apithelkal cells-
to somatic cells samples are capiured by theheads  andicyioleratingheads complex

9 4SRN FAASAL FE

(1) 1.5L/7Fe], 50 mL tubes with 50 uL 0.5 M EDTA in PBS

(2) Centrifugation at 2,700 xg at 4°C for 10 min.

(3) Cream ¢} skim milk layers were removed

(4) Cell pellets were washed twice in 5 mL ice—cold PBS (pH 7.2) with 0.5 mM EDTA.
(5) 20 uL of washed Dynabeads (110.41; Pan Mouse IgG; Invitrogen Dynal AS, Oslo,
Norway) were incubated with 0.4 pL of anti-cytokeratin 8 antibody (C5301;
Sigma-Aldrich Corp, St. Louis, MO) in 1 mL PBS on a rotary mixer at 4°C for 30 min.
(6) Anti-cytokeratin 8 antibody-coated Dynabheads were resuspended in 0.5 mL PBS and

14



mixed with the prepared milk somatic cells.

(7) After incubating for 1 h on a rotary mixer at 4°C, the milk epithelial cells combined
with anti—cytokeratin 8 antibody—coated Dynabeads were collected by a magnetic
particle collecting unit (123.21D; MPC-S; Invitrogen Dynal AS).

BooHANEAE B9 53 wwd e Y] FEE SA8uAEd W SCDL
cytokeratin—8 ©¥ & Wd#ke RT-PCR W o2 <l

(1) Total RNA %

(7F) MAC-T cells, MECs, TRIzol® (Life Technologies Corporation, Carlsbad, CA)

(4}) Thermo NanoDrop 1000® Spectrophotometer - RNA-40 module (Thermo Fisher
Scientific, Wilmington, DE).

(2) ¢cDNA 3A4:

(7}) 1ug extracted total RNA, 1uL oligo(dT), 4ull 5xfirst strand buffer, 2uL of 0.1M
DTT, 1ul of 0.01M dNTPmix, 1ul reverse transcriptase (Invitrogen, Carlshad, CA)

(\) =7: 50 min at 37°C, 15 min at 70°C,

Thermo NanoDrop 1000® Spectrophotometer-ssDNA-33 module
(3) PCRE 2.8 Aok

(7F) C1000TM Thermal Cycler System (Bio—-Rad Laboratories, Hercules, CA);

(1) 2 ug ¢cDNA, 0.5 uL forward primer, 0.5 UL reverse primer, 5 ul 10x buffer, 4 uL of
2.5 mMdNTP mix, and 0.2uLi-Tag DNA polymerase (iNtRON Biotechnology,
Seongnam-Si, Gyeonggi—do, SouthKorea).

(4) Primer sequences:

(7} SCD1 (NM_173959.4),
ACCATCACAGCACCTCCTTC (forward),
CTTCCGGTCATAAGCCAGAC (reverse);

(1) GAPDH (NM_001034034.1),
AAGGCCATCACCATCTTCCA (forward),
GGGCCATCCACAGTCTTCTG (reverse).

(5) AmplificationZ7:

(7}) 95°C for 4 min,

(4}) 30 cycles of denaturation at 95°C for 30 s, annealing at 60°C for 45 s, and
extension at 72°C for 90 s, incubated at 72°C for 7 min and cooled to 4°C.

(6) Agarose gel electrophoresis:

(7F) 10 uL PCR product, 1% agarose gel,

(4}) 45 mA for 40 min,

(2}) i-My Run series electrophoresis unit (Cosmo Bio Co., Ltd., Tokyo, Japan).

(7) Gel images+4
(7F) i-MAX gel image analysis system (CoreBioSystem, Seoul, South Korea).

ol AR AL B

Fl

i
i

Pg 11:_}1111 b

J&‘l

gol: A7) FEH FAMNIA X 3k LSP1, HBA 3}
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HBBY 9 3 22 Real time-PCR ®H o2 <l

(1) Total RNA %3 cDNA 37

(2) PCRE 2.8 A oF

(7}) 2 ug ¢cDNA, 04 ulL forward primer, 0.4 uL reverse primer, 10 1L of 2x SYBR
Green PCR Master Mix

(3) Primer sequences:

(7}) B-actin (NM_173979.3):
5-GCGTGGCTACAGCTTCACC (forward),
5-TTGATGTCACGGACGATTTC-3 (reverse);

(\}) Lymphocyte-specific protein 1 (LSP1; NM_001075374.2):
5-GTGTGGAGGATGAGGAGGAG-3 (forward),
5-TTCCTTCGTCTTCGTCTTGA-3 (reverse);

(t}) Hemoglobin subunit alpha(HBA;NM_001077422.2):
5-CCCAGACTCTGAGAGAACCC-3 (forward),
5-GGAAGCTCAGGAACATCCTC-3 (reverse);

(&}) Hemoglobin subunit beta (HBB;NM_173917.2):
5-CATGGCAAGAAGGTGCTAGA-3 (forward),
5-TCCACATGCAGCTTATCACA-3 (reverse).

(4) AmplificationZ7:

(7}) CFX96TM Real-Time PCR Detection System (Bio—Rad Laboratories, Hercules, CA)
(1) 95°C for 3 min,

(t}) 40 cycles of denaturation at 94°C for 10 s, annealing at 60°C for 10 s and
extension at 72°C for 30 s,
(2}) 95°C for 10 s, 65°C for 5 s,
(v}) 95°C at a rate of 0.5°C/s.
(5) Data +49:
- 2-AACT method.

Ah f RS AE @A profile H9: 7] FER FA149A

Fl

of i

roi

ol A profile2 2-DE

(7}) lysis solution: 8M Urea, 4% CHAPS, 10% 0.5mM EDTA
)

() FEES 13,000rpmell A 158 Sk 15ColA 9423 5 1ml FA|Z A2 3
289 8le] FES A ZS tubeol &7tk

(th F&d @WdEL2 2-D Quant Kits AF&3Fe] A7 & 2-DE ¥4 @742 -80Ceol
B

(2) First-dimension isoelectric focusing (IEF)
(7}) Rehydration

O @A FHE loading® : 100ug
@ Rehydration solution =7 :

16



Urea 9M, Thiourea 2M, CHAPS 4%, EDTA(0.5mM) 19, BPB 0.00296, DTT 75mM,
Pharmalyte (PH3-10NL) 1%

(t}) IEF

Condition setting 20T 50uA/gel

step 1 30V, 12H.
(Rehydration ©A])

step 2 500V, 1H

step 3 1,000V, 1H

step 4 8,000V, 56,000VHr

step 5 500V, holding

(3) Equilibaration : Time (Z}7} 15%4), DTT(100mg/10ml), TAA(250mg/10ml)
(4) Second-dimension SDS-PAGE
(7F) Running condition : 129, 14%, 15% gel, 20C
(\}) 18cm?l A9 : geld 2watte & 30min running% 16watte running
(5) Silver staining "% ¥ image analysis
(7hH 871 959 gels sensitizing solution (30% ethanol, 0.125%(w/v)
glutardialdehyde, 0.29%(w/v) sodium thiosulphate, 6.8% sodium acetate®l]| 3%} <5+
2 250ml7bA Al 308 WA 7L SRR AA.
(1} Silver solution (0.25%(w.v) silver nitrate solution®l 32} S®F5 =2 250ml7FA] A=)
O ZA 2081 WESA| 71 AL TR R AlE
(th) A gelS developing solution ( 2.5%(w/v) sodium carbonate 6.25g°] 3% D.W
2 250ml7h Al A )b 8F-3F WESA] 7 A, wpA 9o 2 stopping solution (1.46%(w/v)
EDTA - Na - 2H20°] 32 DW Z 250ml7}A] A 4)3k wh-&-
(&) 945 gelS ImageScanner flatbed scannerE ©]83Fo] scandt & 7} protein spot <
PROTEOMWEAVER(Definiens, Germany) 2D-gel image analysis& ©|&3}o] &4
6) g FAHL LC-MS/MSE A A 392
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2. A8 A3}
A) [FU] , '8)]

500 l M p-casein (455 bp) SCD1 (957 bp) M
I

0 1 RN :
1 T 1 T 1T T T T 1T
20 25 30 35 40 45 50 55 60 [s]

M Cytokeratin8 (181 bp)

B)

2000

2000 1000

1000
300
200 —— ——

(bp)

500
(bp)

218} 5. Characteristics of isolated MECs: high total RNA quality (A) good Cytokeratin—8
(B), B-casein and SCD1 expression (C)

O A8 Ay E98 MECsolA F%&% Total RNAYE %8 RNA Integrity NumberE X.91&
(RIN; 7.8+1.0) (ZL&¥&5 A).

(O Cytokeratin 8, B-casein, SCD12] mRNA W3 4Fe RT-PCRZ SAEOH, o] AEL

20000000.0
200000000 4
700000000 -
600000000 -
500000000 -
400000000 4
300000000 4
200000000 4
100000000 -

0o -

mRNA relative expression/B-actin

a a

MAC-T MECs MSCs
A) _ LSPI

213 6. Characteristics of isolated MECs: the mRNA abundance of LSP1 (A), HBA (B)
and HBB (C) in MAC-T cells, MECs and MSCs.

i wote FAAIAAEYd S THE F T markerE2A] A"E IR FAA
[lymphocyte-specific protein (LSP1), hemoglobin subunit alpha (HBA) Z1%]3 hemoglobin
subunit beta (HBB)]el w3 real time PCR #4123 ##¥ MECs® mRNA ddFFELS &
E fFHAA MSCH.U} AH3d] vra vFad Aol £33 A5 MAC-T cells (bovine

mammary alveolar cell line)3 #}o]7} gl Ao = YENS (Z1¥ 6).
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Z1¥] 7. Characteristics of isolated MECs: protein profiles of MECs (A) have a high
similarity to that of MAC-T cells (B).

O Arh, 89 MECse 2-DE image’d spot@d2 MAC-T celld} wi-& FAF3F o.M,

2-DE gel’dol A albuming A% 4 glle (29 7).
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O o9 AFAdE B Ao ALEE immunomagnetic method”} &34l -2 FE 9
TG AEe e WHYS T stoH, #8¥ MECsw &40 #fAEo Qi ¢k 3
238 FAXAXY] A4S wola S A0 F AdUe. wEkA MECse] A2 f419
=2 glo] AAdTFaANA e Fda wEAQ sampling ¥ 249 FAANGE TheFdE o
of &8rtsdol F Ao AHE

b 2 SRS A AYE A9 Rawdeda SAARE Fo] v Ak 339 A%
st S 24ERQl A A 265 (F i 576 £ 20.1kg)E Y7l (W4 F7]: 1425 £ 29.65 days)ell 74
FE AF, @ v 150

o 7l w5 AR E AR xR (M FF7]8 TMR AR, 2d9d 185%, 247 3.5%,
Z3| 2 39%, Ca 0.9%, P 04%, TDN 719%, ADF 9.8%, NDF 18.8%) % A&+ (W HF=7]&
TMR A& + soybean oil; A Dray matter intake 24.2kg 7]<= 0.600kg H7h= A7

U A AR GC o] &3 15 XAk =
(1) cis9, transl1-CLAS FLA|Wre] g 9 F= 1
2:1) 20ml13 7}

o

ZA}

O+

oy
(71). Folch's solution(chloroform: methanol=
(1}). Internal standard ¥3. Z 2 29 27]
(t}). Shaking incubator(20C, 250rpm)°l 4] overnight

(2h). 0.88% NaCl(Q el 2d+ ¥5) 10ml 7}

(vh). 2h7F °]%F shaking 20T, 250rpm

(vh). Hl glass tube ¥4 S G4 A9])

(Ah). Centrifuge 3500rpm, 4C, 15min

(oh). s a9 S35 AAS 359 10ml glass tubeol| WA 2=
(ZF). 40C & heating 3H, N2Z F913A A chroloform <A Z]

Zh. ¢ &, 74 54

(7D). [Hexan25%+methanol 35% + 149% BF3 45%]& 2ml® A7}ste] d A A&
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(ED). 90C A heating, 1h7t &<t/ 15min 4 o2 F#3] vortexing

(3}). Cooling &, 748 do] hexan 2ml, 0.88% Nacl 1ml # 7}

(3}). Vortexing &3] 8= & 229 3500rpm, 10 min7t Y4E2], 4= (hexane®) <

wtA] GC analysis glass tubeoll %71 -20C A%
2) GC =4

(7h). Column:
SPTM-2560 fused silica capillary column (100m x 0.25mm i,d. with 0.2um film
thickness, Supelco Inc. USA)

(1}). Oven temperature:

O 70C for lmin

@ ramp to 100C at 5C/min and hold for 2min

@ ramp to 175C at 10C/min and hold for 40min

@ ramp to 225C at 5C/min and hold for 40min

(th). Injector temperature: 255C; Detector temperature: 260 C

(v}). Standard:

@ supelco 37 Comp. FAME Mix 10mg/ml in CH2CL2

@ Methyl 10(E),12(Z)-Octadecanoate, 25mg(10,12-CLA)

@ Methyl 9(Z),11(E)-Octadecanoate, 25mg(9,11-CLA)

@ trans—11-Octadecenoic methyl ester analytical standard, 10 mg/mL in heptane, pkg of
1 mL(TVA)

® cis—5,8,11,14,17-Eicosapentaenoic acid methyl ester—analytical standard, 10 mg/mL in
heptane, pkg of 1 mL(EPA)

® all-cis-4,7,10,13,16,19-Docosahexaenoic acid methyl ester—analytical standard, 10
mg/mL in heptane, pkg of 1 mL(DHA)

(3). Data¥.Al: TVA/total FA x100 (Z 40712] A|wake] tigk TVA<] 33 %)

Ol

th Aol A FAEAANEE FE5 AT 1 A
W Ao AE FE

(1) @94 7|&S o83 as9, trans11-CLA T4 #4A

(2) Real time-PCR WH& o]-&3dto] 7] ol Fu vz b =

gt

A immunomagnetic ¥'H o] &3l
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2. A8 A3}

Table 2. Primer sequences specific for the target genes used for real time PCR

Gene Accession number Primers
ACTB NM_173979.3 forward GCGTGGCTACAGCTTCACC
reverse TTGATGTCACGGACGATTTC
SCD1 NM_173959.4 forward CCCTTTCCTTGAGCTGTCTG
reverse ATGCTGACTCTCTCCCCTGA
RASGRP4 NM_001035379.2 forward GAGGTTATAGGCCGCTTCTG
reverse AGGCTCTGCTGGACTGAGTT
GNPDA1 NM_001080287.3 forward TGAAGCTCATCATCCTGGAC
reverse ATGATGCGGTTCCTGATGTA
TPI1 NM_001013589.3 forward GCAGAGGGACTTGGAGTGAT
reverse ATAGGCCAAGACAACCTTGC
PGAM1 NM_001034054.1 forward GGGAAACGGGTACTAATTGC
reverse GCAGGTTCAGCTCCATGATA
HSP 27 NM_001025569.1 forward GAGGAGCTGACGGTCAAGA
reverse TGAAGCAACGGGAAATGTAG
ANXAS3 NM_001035325.1 forward AGAAAGGTGGGCTATCATGG
reverse TTACGAATCGCTTCAGCATC
TPMT NM_001075531.1 forward AGAAAGCACTGCGGGTATTT
reverse ATCCCAAGTTCGCTGATTTC

Table 3. Differences in major milk fatty acids composition (%6)

Fatty acid % Control Soybean oil
C18:0 (Stearic acid) 15.16x0.03 15.20£0.04
t11-C18:1 (Vaccenic acid) 3.14£0.03 3.19+0.02
C18:1n9c(Oleic acid) 28.75=0.03% 26.36=0.47°
C18:2n6¢(Linoleic acid) 3.85+0.01° 2.07+0.00*
C18:3n3(Linolenic acid) 0.33£0.00 0.60+0.00
9,11-CLA 0.45+0.00" 0.72+0.00*
C20:5n3 (EPA) 0.020.00° 0.05+0.00*
Others 48.30=0.03 51.83+0.41
Total (FAME 39) 100 100

Note: EPA means Eicosapentaenoic acid

O  Soybean oil H2F(0.72£0.00%) - W cis-9, trans-11 CLA 3
(0.45+0.00%) Hr} A Fkar (P<0.05), EPASHEFLS soybean oil A F7F ¢
(P<0.05). ¥kdHol Cl81n9c (Oleic acid), Cl82n6¢ (Linoleic acid)®] 3Sha- o &0
A YERS S (P<0.05) (Table 3).
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1%‘ 8. mRNA abundance of the candidate proteins in MECs (B) isolated from bovine mﬂk
of the control group (C) (0.45% cis-9,trans-11CLA) and soybean oil group (SO; 0.72%
cis=9, trans—-11CLA) (A).x P<0.05, **P<0.01.

O AgAFe A MAC-T celleld TVA (cis-9, trans-11 CLA AFEZA)X e 93 d=d
cis-9, trans—11 CLA synthesisel] ## 7719] candidate proteins(Table 2, 4)o] s+ MECs®l
9] mRNA H&ASFS 2AE A3 o] 7709 proteing % GNPDAI, PGAM12] RNA ¥
Aol AddF Aot FYA3A soybean oil MR} UlETolA & 58 Holal 3
24 ¢ F JUe (Independent-samples T-test, P<0.05; L 8). o] A3}E E3lo] SCDI
GNPDA1, PGAM1o] Aaid7-¢ Ao #dg AA4E Hole AS thA 3 H 08 5+ 9
As. ob=d SCDE T7HAAHS W SCD19 ¥do] TVAE Hstd s Wb sdshA 74

= A~
skelek 4= A=

SO 47
m]o a

%
o
ol

H i

]_

o]
=3

i

o]

Al A

)

ol@d Aubi: ¥ 1TE Eale] SyE B WA Ealol MECs& #8129 §4
wxﬂqMAC—T cel) T 2L FAA BAFLE wolT AL 5

oo
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[Ha A& ]

- ddqdA oA 2-DEE &3l BSAS TVAE AH2[g MAC-T celle] @& g HEE H]
st A3 TVA A2 o thekst AEH 7S 7Ek1 7709 gdwde] dd g w7t o2 4 g
<. ol wwAEEe] IDE RAS guanyl releasing protein 4 isoform 1 (upregulated),

R

I il

[ﬂl O_u

Glucosamine-6-phosphate deaminase 1 (downregulated), Triosephosphate 1somerase
(downregulated), Phosphoglycerate mutase 1 (downregulated), Heat shock protein beta-1
(downregulated), Annexin A3 (downregulated) 12|31 Thiopurine S-methyltransferase
(downregulated) & Z+Zt A = %S (Table 4).

- o]E wuwlde 3 mRNATHZF ASAFANA TVA (cis-9, trans-11 CLA AFEH)
Aol A SCD19 WHEFE F dl ol F7HES AT F AAIL(P=0.042), TVAA

MAC-T cellt] SCD19 &S F7F AHS u, SHgwd F GNPDAL (P<0.01) 3
PGAM1 (P<0.05) ©] Aoz fashe AL AT F IR (™ 9).

Table 4. Identification of differently expressed proteins in MAC-T cells

UniProt
Theory;
. KB/ . MAS- . Sequence
Protein ) ) Calculation Peptides ) TVA/
Swiss— Protein Name CcOT Coverage | Molecular Functions
No. Mol. Mass Matched BSA
Prot Score (%)
(kDa)/PI
Entry
Cation—and diacylglycerol
RAS guanyl yiew
. (DAG)-regulated
releasing .
. 74.8/7.99; nucleotide exchange
248751 | Q1LZ97 | protein 1.62 9 5.00 o 2.361
. 57.9/8.07 factor activating Ras
4isoform1
through the exchange
(RASGRP4)
of bound GDP for GTP
Glucosamine—
_ 6-phosphate 32.6/6.42; _ Glucosamine-6-phosphat
248607 | A1L5B3 . 37.01 28 35.29 . . 0.436
deaminase 1 32.5/6.92 e deaminase activity
(GNPDA1)
Triosephosph .
Gluconeogenesis;
ate 26.7/6.45; .
248200 | Q5E956 | . 35.83 21 42.57 Glycolysis; 0.441
isomerase 26.7/6.92
Pentose shunt
(TPI1)
Phosphoglyce
28.9/6.67; .
248431 | Q3SZ62 | rate mutase 1 70.09 45 47.24 Glycolysis 0.457
28.8/7.18
(PGAM1)
Heat shock
protein _ Involved in stress
22.4/5.98 . .
248568 | Q3T149 | beta-1 99.4/6.40 11.24 14 32.34 resistance and actin 0.462
(HSPB1 HSP organization
27)
. Phospholipase A2
Annexin A3 36.1/6.49; . .
737 Q3SWX7 279.66 | 162 70.90 inhibitor activity; 0.485
(ANXA3) 36.1/6.93 .
Anti-coagulant
Thiopurine . .
Thiopurine
S-methyltrans | 28.3/6.11;
736 Q17QQ2 __ 51.07 | 52 50.61 S-methyltransferase 0.339
ferase 28.3/6.55 .
activity
(TPMT)
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1

mRNA Relative Expression/[-actin

l -
05 I I
0 -
|l a2 |«
53 ﬁ m - | 2

! - | Sl g <c =
= ﬁ Al E @ E ﬁc [:
SCD1  |RASGRP4| GNPDAL TPI1 PGAMI1 | HSPBl1 | ANXA3S

2% 9. The mRNA abundance of the candidate proteins in MAC-T cells. Cells were
treated with BSA as the control or 50 uM trans—-11 C1&1 in BSA (TVA) for 25 h.
Independent-samples T-test, *FP<0.05, *+xP<0.01.

A3 7 Fdl FRAAIHMEE o] &89 cis9, trans11-CLA &
Add dIBYAx S=dT

A oil (Extruded full-fat linseed) &% AR +
cis9, trans11-CLASH 59 zol9t ddd I AFE 7 730 AN AN 2
LA 3,

O & APdAeE AE
_]

1 234y

b 71E A 2 {AE AFH: AR 1249l A€ BHF7] (1285 + 2857 days) 105
(H3F 598 + 43kg) oA - AHAA5LL/F)

o 712w AFE 1 BARE 10kg (& 91.5%, ZwlA 1.2%, AW 2.3%, NDF 58.3%,

ADF 36.7%, 3% 83%) + ¥%AIE 13kg (2T A 236%, =AW 5.2%, 3+ 7.0%, Ca
0.7%, P 04%, NDF 19.3%, ADF 8.9%)
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gf oA FARIAEE 5 Study 1 A FHEE immunomagnetic B o] &3]
@] =
o

vl 2-DEE o] £3}9] (59, transl1-CLA 34 98 o] e HAE 7+ FAXZA A *}o]

[e3] S
b S A

2. 23843
140 2 -
High (n=7)
12X
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F 1
O Low (n=11)
b l:igl:l
%
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&
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123 45¢67 » 1011 121314151617 1819202122232425 26

Indundual dairy cow

219 10. Milk cis-9, trans—-11 CLA contents of individual animals

O 9% W cs9, trans-11CLAY =S High A1¥7-(1.02£0.038%)7F Low A&+
(0.59+£0.042%) 2] 29 = YElRES (P<0.05; Zt¥ 10; Table 5). Medium¥ High A& 79 cis-9
Cl4:1/(cis-9C14:1+C14:0)2]  desaturation index™= Low Al@F-HY =kA9w  (p=0.010,
p=0.016), cis-9 Cl16:1/(cis-9C16:1+C16:0), cis—9 Cl1&:1/(cis-9C18:1+C18:0)2] desaturation
indexs= AP 2 Zol7 glA+. v AR 24 dolA Medium, High A1@ -9
total PUFAT Low Al@F5Th ] & v (P=0.000, P=0.007), SFA, MUFA, U/S+ 5313
ztol & HolA &%s (Table 5).
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Table 5. Differences in milk fatty acids composition (24).

Items Low Medium High

Fatty acid %

C4:0 2.09+0.496 1.68+0.505 1.90+0.169
C6:0 1.70+0.338 1.54+0.424 1.55+0.114
C8:0 1.14+0.269 1.11+0.314 1.03+0.182
C10:0 2.53+0.822 2.61+0.684 2.40+0.683
C11:0 0.28+0.109 0.34+0.108 0.30+0.047
C12:0 2.97+0.972 3.23+0.684 2.98+0.841
C14:0 9.76+2.003 10.83+1.096 10.24+1.247
Cl14:1 0.79+0.261* 1.24+0.333" 0.99+0.220"
C15:0 0.75+0.170 0.76+0.042 0.83+0.093
C15:1 0.01£0.005 0.02+0.007 0.01+0.003
C16:0 29.48+3.096 28.97+1.253 27.55+1.914
Cl6:1 1.78+0.498 1.89+0.426 1.68+0.427
C17:0 0.63+0.037° 0.59+0.036" 0.62+0.052*
C17:1 0.22+0.070 0.18+0.031 0.20+0.031
C18:0 (Stearic acid) 12.27+1.634° 10.09+1.257" 11.68+1.504™
C18:1n9t 0.42+0.099 0.45+0.076 0.46+0.046
trans-11 C18:1 2.39+0.302° 2.62+0.473* 2.82+0.14°
C18:1n9¢ (Oleic acid) 25.85+5.235 25.68+2.356 26.81+1.883
C18:2n6t 0.01£0.004 0.02+0.005 0.02+0.002
C18:2n6¢ (Linoleic acid) 3.24+0.516° 4.10+0.440° 3.63+0.757*
C20:0 0.16+0.028* 0.15+0.020° 0.19+0.018°
C18:3n6 0.04+0.018 0.05+0.007 0.05+0.008
C20:1 0.10£0.032 0.08+0.012 0.09+0.009
C18:3n3 (Linolenic acid) 0.20+0.050" 0.2440.023° 0.2440.029
cis-9, trans-11 CLA 0.59+0.140° 0.85+0.027° 1.02+0.100°
C21:0 0.02+0.006 0.03+0.010 0.02+0.003
trans-10, cis-12 CLA 0.02+0.010° 0.03+0.010° 0.03+0.005"
C20:2 0.04£0.006 0.05+0.011 0.04+0.006
C22:0 0.05+0.011 0.05+0.007 0.06+0.005
C20:3n6 0.14+0.054 0.16+0.038 0.17+0.041
C22:1n9 0.02+0.003 0.02+0.003 0.02+0.003
C20:3n3 0.01£0.005 0.01+0.005 0.01+0.002
C20:4n6 0.20+0.036 0.20+0.038 0.21+0.050
C23:0 0.02+0.006 0.02+0.006 0.02+0.003
C22:2 0.02+0.006 0.02+0.006 0.03+£0.004
C24:0 0.03+0.009 0.03+0.009 0.04+0.007
C20:5n3 (EPA) 0.02+0.007 0.03+0.005 0.03+0.002
C24:1 0.01£0.005 0.01+0.005 0.01+0.001
C22:6n3 (DHA) 0.00£0.000 0.00+0.000 0.00+0.000
SFA? 63.88+1.670 62.04+1.196 61.45+0.887
MUFA' 31.58+1.605 32.20+1.089 33.11+0.812
PUFA' 4.56+0.178" 5.77+0.176" 5.46+0.308"
uss’ 0.58+0.043 0.62+0.033 0.63+0.024

Desaturation  index™

cis-9 Cl4:1 7.03+0.660° 9.16+1.869° 8.90+2.010°
cis-9 Cl6:1 5.71+1.672° 6.08+1.145 6.09+1.071°
cis-9 C18:1 67.46+4.315° 70.69+1.981° 69.72+1.864

t a-c within a row, values with different superscripts are significantly different (p<0.05).

¥ Saturated fatty acids X (C4:0, C6:0, C8:0, C10:0, C11:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0, C20:0, C21:0, C22:0, C23:0,
C24:0).

§ Mono—unsaturated fatty acids = (Cl4:1, C15:1, C16:1, C17:1, C18:1n9t, Cl8:1n9c, trans-C18:1, C20:1, C22:1n9, C24:1).

Y Poly-unsaturated fatty acids = (Cl8:2n6t, Cl8:2n6c, Cl&:3n6, Cl&:3n3, cis-9, trans-11CLA, trans-10, cis-12CLA, C20:2,
C20:3n6, C20:3n3, C20:4n6, C22:2, C20:5n3, C22:6n3).

t %  (Mono-unsaturated fatty acids + Poly—unsaturated fatty acids) / Saturated fatty acids

% % Desaturation index are calculated as follows: ratioc of the A9-desaturase product divided by the sum of the A
9-desaturase product and substrate. For example, the desaturase index for
cis—-914:1wouldbe(cis—914:1)/(cis—914:1+14:0)%.CLA/TVA means (cis-9, trans-11CLA)/( cis-9, trans-11CLA +trans-11CI18:1)
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Figure 11. Diferentially expressed proteins profiles in isolated MECs.

1

O 2-DE®A A3} Al A7kl MECsol4 B2 9 spots @S F AAS (L9 11).
S spot® 4719 spote] LC-MS/MSZ  sAHA=Y o] 77 cathelicidin 5
(up-regulated), ZW10 interactor (down-regulated), annexin I (down-regulated), kappa casein
(down-regulated) &2 2<% %13 (Table 6).

Table 6. List of differently expressed proteins in isolated MECs.

Protein UniProtKB Protein Theory; MASC Peptide- Sequence Molecular Protein Expression
No. / Name Calculation oT spectrum  Coverage Functions Low Mediu High
Swiss— Mol. Mass Score Matches (%) m
Prot (kDa)/PI
Entry
243703 P54229 Cathelicidin ~ 17.6/8.37; 68.06 60 29.56 Defense  against 0.082 0.209 0.173
5 176/8.15 invasive bacterial
(CATHL5) infection
486 P46193 Annexin 39.0/6.37; 6.60 12 21.10 Promotes membrane  0.050 0.041 0.008
1 (ANXAD 39.0/6.81 fusion, involved in

exocytosis, regulates

phospholipase A2

activity
487 Q2TBHS ZW10 32.6/4.85; 2.01 3 10.49 Required for 0.050 0.011 0.000
interactor 32.6/4.88 kinetochore
(ZWINT) formation and
spindle checkpoint
activity
243624 QIN258 Kappa 179/7.01; 46.39 44 17.31 A mammalian 0.396 0.130 0.091
casein 17.3/7.43 milk protein

(CSN3)
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