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Abstract

Cholesterol 7 a -hydroxylase (CYP7A1) is the rate-limiting enzyme in the conversion of cholesterol to bile
acids and plays a central role in regulating cholesterol homeostasis. We previously showed that a fermentable
B-glucan ingestion decreased plasma cholesterol levels due to fecal bile acid excretion elevation involved in
increase of cholesterol 7 @ -hydroxylase mRNA expression and activity. It is proposed that short chain fatty
acids (SCFA) produced by cecal and colonic fermentation of soluble fiber are associated with cholesterol-
lowering effect of fiber. In the present study, we investigated whether CYP7A1 expression is up-regulated
by short chain fatty acids or by hormones in cultured human bepatoma (HepG2) cells. Confluent HepG2 cell
were incubated with acetate, propionate, or butyrate at 1 mM concentration for 24 hrs. Acetate as well as
propionate increased to 1.8-fold expression of CYP7A1 mRNA than the control. Butyrate also increased 1.5-fold
expression of CYP7A1 mRNA. OQur data show for the first time that SCFA increase expression of CYP7A1l
mRNA. Adding insulin, dexamethasone and triiodothyronine (1 BM) to HepG2 cell increased the expression
of CYP7A1 mRNA to 150%, 173%, 141%, respectively. These results suggest that SCFA produced by cecal
fermentation stimulate enteric nervous system, in which secreted some neuropeptides may be responsible for
change in cholesterol and bile acid metabolism. These findings suggest that SCFA are involved in lowering
plasma cholesterol levels due to the up-regulation of CYP7A1 and bile acid synthesis.
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Cholesterol 7 @ ~hydroxylasets ZIAHE2HE &
Abe] AR FA oA SE-AJFLEAE Folshe Haeld
cytochrome P-450 family 2] @84 s 40)ch(1). A 8
FellA], o] thatatd o] 8 A B2 cholic acid®} cheno-
deoxycholic acide] v}, ©F4S S| AHE A £
gt g gt G54 g i O S e E S
& AaA7H, 2 WA Aol xute] 7143k 313
al

ol au B 44 lere] Foo Basie o)
A5 FoA e, A FEAS] FHL T E

5]
gAY FAE AsiA 2A A 2295 doH1). Cho-
lesterol 7 @ ~hydroxylases] 84 & A#4=3-3 E35}o] 710
2 49 @EAH02), F8 28E(34), steroid/thyroid &
2256, (D 2 FoF fF5Q®)C 8 T2 AAE
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3= FAAHCYPTAD= #3(9-11), AFE(12-14), 3§ 2¥
(15) & #H9-2(16)*14] clone=| %12, &&4F 445 CYP7A
422 24972 model systeme2 3(17,18)¢} A
(19) Z+A| 9] primary cultures®} HepG2 cell(20)¢] U uFA
o2 Alg-Hr) ey w24l 34 ) cholesterol 7 @ —hy-
droxylase A4 ol = £-2] 2fo]H o] R E P, A=A o
+ transient transfection assayell €& QF7} o] o)},

A3 Aol dfre] A e €4 FHavHES A=
v 2 ExA 7)1 AS Hgs] ys A A dstok AtkE 1A
L2 GFEAT F adEe e uidZI U HEA Y
73 2] up-regulationel] 24 o] H A x vt & AFAES
A Ag A Bl B-glucans] Foi7 dA 9 A Fd
&8 A 71, o] = £ o2 9} FFal wiAd o)l 7}
o412} CYP7A1 A7} & F7}e 71203-S ¥l 21).
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Want AAda Aoldfe HAZ AFH At
(SCFA)°] Aol A 2] e~ & A3} adtel AAGlEol
A orE H} 9lth(22-25). Hara 5(26) A WE-E2 H
A %) sugar beet fiber(SBF) a2 A E 2 1o A33l=
acetate, propionate @ butyrate €352 2743+ SBF
A3 A9 mael fARRE A FH2HE 3] 2F8o] vEL
vel, 53] acetate7} SCFAS] 3t &3et #4 SlS<
Al ekstsdeh. AolAfrel HEAEQ propionate ¥ A] Aol
A FrEe] FH2HE JAO AHALR dF¥E E
ol tH(27,28). Ale] A #-o] €A Fe~HE A3} 2o
T g rjdeze, Holdf =v 2 #EAEC] HA
A=l iAo 2 2E] ¥9]% humoral factors ¥+ en-
teral A1 A7} Fd 28 8 dALE 24 3= Aot} Goodlad
Z(20)8 Aol Adfo AAtarl €3k WA RIS
(enteroglucagon)& Z7HA1 7] & B otar, A2 o] 32 29
Aol Fostctm delA 31ch30). Ackrl, AN en-
teric A1 A= Alol A H =& 2 EANE A 9§ AT
4= ¢lt}. 9 ¥ neuropeptides?} 3| A~ =& 3} 5AF t] Abol]
AL Fe A2 ¢A Qrh31-33).

B A7 BAL Aol Ao A WAAEQ acetate,
propionate ¥ butyrate 3] X ¥4k} Aely A2 A &
# 3l insulin, dexamethasone® triiodothyronine & 2&o]
Abee] 7hA| £9] HepG2 cell W] CYP7AL f-A A} W o]
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HepG2 AlEx A3 7A@, )2 e 19
"hol A A of] ¥ 3ttt Dulbecco’'s modified Eagle's
medium(DMEM), glutamine, trypsin-EDTA, penicillin/
streptomycin, Hank's balanced salt solution(HBSS), bo-
vine serum albumin ¥ fetal bovine serum=- GIBCO(USA)
oA F418t4 3, HEPESE Amrescodl4] 78kl c} Ace-
tate, propionate, butyrate % dexamethasone, triiodothyro-
nine, insulin{from porcine pancreas)2 Sigma(USA)AMS-
o]-2-3}4] 77, RNA isolation kitg] TRIZOL® reagent: In-
vitrogen(USA)ell 4] 418l v}, RT-PCRel| A}-8-3F 5X RT
buffer, PCR Nucleotide mix(10 mM), M-MLYV (moloney-
murine leukemia virus) reverse transcriptase(200 U/L),
100bp DNA Ladder+ Promega(USA)dll 4 313} 2, oligo
dTie Bioneer(Korea)oll A 4 3}91t}. Primer+ Bioneer
(Korea)ell A 138}l i, 10X Tag polymerase buffer, 2.5
mM dNTPs, Super Taq polymerase(5 U/uUL)< Super-Bio
(Korea)oll A TF-4138}4it}. DNA thermal cycler(GeneAmp®
PCR System 2700)+= Applied Biosystems$] A &-& A}-4-3}
ek

HepG2 Mz 2| vl

HepG2 Al E& o|A 9 W (34)o] we} vif3taic). &,
growth medium(Dulbecco’s modified Eagle’s medium, 10%
FBS, 1% glutamine, 50 IU penicillin/mL, 50 iig streptomycin/
mL)ell 5% 10° cell/plate] ¥]& 2 platingd} 1, mediats 13]
20 02 &8l A cell® confluent conditiong & <¢l3}
Ak .

SCFA % hormones treatment

HepG2 A E7} 2 80%2) confluenceZ vFebd o serum
free medium(Dulbecco’s modified Eagle’s medium, 1 mg/
mL BSA, 15 mM HEPES, 100 1U penicillin, 100 ug strep—
tomycin/mL)el acetate, propionate®} butyrateZ z+z}t 0.5,
1, 25, 5 mM9 Yl 71X X2 22T F 2443}, 48417
g 72A1 7t F vekste] A 2L HY3U 2 E
2 2 insulin, thyroid(T3)¢} dexamethasone2- # %] ¢f} z}z}
05,1, 25, 5uM2] vl 7kA] F=2 A2 ¥ F 24417, 48417
2 72717k F]b wiokste] HA 27L& 33t

Total RNAS| =&

o] 71A] ] 22 A wiokd A E9 total RNAE 1X
10" cells/I mL TRIZOL® reagentz *Z3}ich 323
RNAY ¥ % & spectrophotometer® AH&-35}ed 24 stgit).

Semi-quantitative reverse transcription-polymerase
chain reaction (RT-PCR)

CYP7A1 mRNAE v A4 RT-PCRE AF-8-3F91 2.4
(35), housekeeping gene 2.2 B-acting A}-8-3}91t}. Reverse
transcription<- 5X RT buffer(250 mM Tris-HCIL; pH 8.3,
375 mM KCl, 15 mM MgCly, 50 mM DTT), 1 mM dNTPs,
30 pmole oligo dTie, 200 U M-MLV (moloney-murine leu-
kemia virus) reverse transcriptase’} £33 & volume 20
uLel 4 ug total RNAE £§3ted uk$-A17 2™, cDNA=
37°CellA 1417}, 70°Coll A 1587 FA st

Forward primer? sequence® thg-3} zr}: CYP7AL
5'-TGG ATT AAT TCC ATA CCT GG-3'; B-actin,
5'-GGA CCT GAC AGA CTA CCT CA-3'. Reverse
primer®] sequence= &3} Zt}: CYP7AL 5'-CCT TAT
GGT ATG ACA AGG GA-3’; B-actin, 5'-GTT GCC
AAT AGT GAT GAC CT-3'.

RT-product®] semi-quantitations $13l< cDNAE &
EHE SAMAA F8]8lI Bractin® B FE3le] FHE
cDNAE T3l Z+2ke] ¢cDNAE 10X Tag polymerase
buffer(15 mM MgCls £3}), 0.2 mM dNTPs, 0.125 U Super
Taq polymerase®} E381s}1, 0.25 pMS] primer2} ¥F-8-A1
t}, ZZ.2 DNA thermal cycler(GeneAmp® PCR System
270002 st}

PCR9] wr-&x71-& o3 gt} 95°Col| A 58, 95°Cel A
152 (denaturation), CYP7A1 25 cycle, B-actin 20 cycle&
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55°Cell 4] 30%&(annealing), 72°Cell 4] 40Z(extension), 72°C
o4 10 (final extension)dtivh. F3FHd #ze] Alage
ethidium bromide 2.2 ¢ A &¢§ 15% agarose gelol] #7]3
3t

A2

zZF A3 o) Aae 33 wkE A3 73-‘4-,——-_ Statistic Anal-
ysis System(SAS) A4 T2 o)sle] AP o
2 79343 AL 24 4G T FHGEE Fol b
Duncan’s multiple range test® general linear model(GLM)
& ol gatod pO05FEAIA FI4E AFHA

z1 o

Hormones Xz2|0f| 2|8t HepG2 cellolAM2] CYPTAT &
ksl

T2 24| 23 HepG2 cello412] CYP7AL gened] 43
A =5 2% 7] ¢35k insulin, dexamethasone 2 triiodo-
thyronine& 0, 0.1, 0.5, 1 pM 2] 47}R] 35X o] A 244 7}, 484
79 12217 A= dE F, CYPTAL+A 2] A =& semi-
quantitative RT-PCR-& ©]-£3}¢d ¢+ 4l 278 A3}
Aot Insuling 2441 7F A 2] & 75 0.1 iM FZ ol 4] '8l o]
71 F74sted on o] 9 9] TR E dEFrc} -r°r—°4
Ao Agsldth(Fig. 1), o213 A wlofFAI &
72717 o2 242y AAAHE Aol 0.1 uMel A 7}”
do] Fratlom I o]de TR AR A
3l A 7 3% 8.9} (Fig. 1). Dexamethasoneo]] 2]
HepG2 cellol 41 2] CYP7AL gene®] 3 A 22 A9 2 2
T 24417 Wl kA ol 0.1 iM 9] FXol A o] 74 St
3327 (Fig. 1), 7L o] 42 F ol T2} 453
STk, Wl F A 7S 244) Zhell A] 48, T2 TH 0.2 Zh7h AR A
& 5ol E 4 0.1 uM o142 Fxel e dae] ¢ o] 4
Z7Vva}A] ek (Fig. 1), =3}, triiodothyronine?)
HE Aoz e} AR A o] Arh(Fig. 1). ¢14+9]
FEAH 3282 M271E 0.1 M, 24X 7t i e
egtgich.

3 2 2o 2% HepG2 Al E o)A 9] CYP7AL 4 Z}° Hr
& A EE &A43817] 93} insulin, dexamethasone # triio-
dothyronineS 0.1 iM9] 52 24Xzt wjokgl A3} de-
xamethasoneoll A 7}3F &2 173%9] Z712 vebgich 2
t}&2° 2 insulinell4] 150%, triiodothyroninedll Al 141%2]
7+ veb gl eh(Fig. 2).

CYP7 mRNAE ZrollA H3A o= WA= (4
ol”l #AA} HdHo| EiEe] gl 1A 7]
A& hafol Hrok 2 252 7= CYP7 mRN
th2] effectorsell &l wi<kEl A ZoAq A5t
sttt ol & Sof, vl oFsl 35 7HA E(36)2} AL
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Fig. 1. Effect of insulin, dexamethasone and triiodothyronine
on CYP7AL gene expression in cultured HepG2 cell.
Confluent HepG2 cell were incubated for 24 hr, 48 hr, and 72 hr
in serum free medium in the presence of indicated concentrations
of insulin, dexamethasone, and triiodothyronine. Data represent
the means*SD of triplicate experiments. A value sharing same
superscript is not significantly different at p<0.05.

Fol| A, uheFulA] o] H5Aate] 7l CYP7T mRNA +8-&
Fa1(37), Ale] Z¢ A8} &3} dexamethasone2 CYP7 mRNA
T S7HAHTH3Y). v, T 28 Fo = #F e
Al CYP7 mRNA F& %7} 7])A| 5t dexamethasoneS 7}
A A tH2,38). Lavery and Schibler(39) & 31 o) A}, CYP7
AR o] Aol &7} 5= QA ForE| & e
o A S o] @442 5% A4} A, DBPe
o] HAbgFo] FA R

Cholesterol 7 @ ~hydroxylase®] Z- | @3 129 o

£ 33 wddi] L3 =gl o) Crestani $(15)2 rat CYPTA
gene promoter”} glucocorticoid, cAMP, retinoic acidel] <]
8 A= A1z, FEAE Q59 phorbol esterell 23] o A g
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Fig. 2. Hormonal control of CYP7A1 mRNA expression in
HepG2 cell.

Confluent HepG2 cell were incubated with indicated hormones
(0.1 M) for 24 hr in serum free medium. (A) Levels of CYP7Al
mRNA were determined by semi-quantitative RT-PCR analysis
using ImageQuant program. B-Actin was used as a control. (B)
All signals were normalized to mRNA levels of housekeeping
gene, B-actin, and expressed as a % control. Data represent the
means £SD of triplicate experiments. A value sharing same su-
perscript is not significantly different at p<0.05.

13-thyronine

S wrsk ) 2y 9S4 §4 3 cholesterol 7 @ -hy-
droxylase @A olA] £2] apo)de] B = ¢le}(1540,41).
Cholesterol 7 @ ~hydroxylase #4312 A}# o)l 4] cholestyra-
minedl| &3 S s A @EAtel o 3 A= ¢l vh42). A
A" Aol 40 38 249 F41% Km#t VmaxE 7}
29 (43), A}5+2] 7heljA] 23 ¥l cholesterol 7 @ ~hydroxylase
o] gAo] & AL FAA A FFe] F2 o 71
gt} HepG2 Al 2+ B850 d A FE4ke g4 3)a Bn0]3)
™ (44) transient transfection assay®l 2] 3] cholesterol 7 @ -
hydroxylase®] AAL2AH S AF3tE L2 A= gt}
(37,39). &§&4h 22 23 F9| 28 Eo 23 HepG2 A
4] cholesterol 7 @ -hydroxylase mRNAS} W& 3} 4o &
g oA FAle] B 7 E ¢ cH(37,44).

HepG2 Al 4] CYP7 upstream region®] deletion mutant
E luciferase reporter gene¥ & 8} transient transfec-
tion &+ &, rat CYP72] A A}2A-& promoter activity 24
282 A3k ¥ w7} 9)th39). CYP7/uciferase chimeric ge-
nes®] A A= HepG2 Al 9] subconfluent#] Bt} confluent
& o) =9t 1, glucocorticoid receptorst dexamethasone
Z 2 Aol CYP7 A A5 up-regulatedtsd & R84l
t}. Thyroid hormones- 3 8-& $2| ¥9t2, insulin&
%] 33193 37 dexamethasonel] €& CYP7 #3212 up-reg-
ulation -5 A Atk o] A7 A3 B AFA A}
ato]7b sl o, o] = Abshe] CYPTA -4 Ak8)} rat CYP7A
G-A AL 2pold] 27k R o2 F2Hr} o] A 7R, transient

transfection assay©ll £13+ CYP7A1 A #ke] & A&
A E B 152 gl CYP7AL #3212 transfections}
A 232 HepG2 cello|419] mRNA 3§ AR Bus
Atk 2rAZ el HepG2 celld Al 2.2 CYP7AL f3
& 7K 22, confluent¥ HepG2 cell Atelell A4 insulin,
dexamethasone 2 triiodothyronine 3 223} thaf 2 ubAl-&
He|ste] 2 MEATE AsE B T A= eis}
91t} Semi-quantitative RT-PCR 7] & o] &-3}o] ZA}3}H
3 2B 2%4 CYP7AL ¥do] Erlslg o, 0 A9+
dexamethasone 18] Aol 7} A} £ o472 A= Al
2} 7hA|EA CYP7A1 mRNA & o] HepG2 transient
transfection system W} rat gene and/or human gene3}+

veA 2dgE Aok

Short chain fatty acidsXz}ol|l 2|$t HepG2 cellollAf
9| CYP7AT1 LEHAMT

) x| Hp4kal acetate(C2)9} propionate(C3)E 0, 0.5, 1,
2.5, 5 mM&] 57}%] FX5 HepG2 cellell 24417}, 484]7F A
2 &, CYP7TA1FA ALY HHAEE semi-quantitative
RT-PCRE o) 43} 3 A A& ALt HepG2 cell
o} 41 8] CYP7A1 gene?) &2 acetated] A2 A] 0ollA 1
mM®] FX 4= dose-dependantd}Al F7tslG o, 1
o] Ake] F oAl U2t Ftshe 738 2ok (Fig. 3, Ace-
tate). ¥l FA|ZH-E 24A1 7 el A 48X o B AR A HE AT
o] ol o o)At F748kAlE skt =&, propionate®]
2] A HepG2 cellol| 418} CYP7AL gene®] ®Hal2 acetate
2] 75-2} FAbstsiTh &, 0014 1 mM$ =l 4= dose-
dependant3}A] 718k Lm, 21 0] 4] FE el A & of3he]
A4 738 B ot Fo) A2 e A $kstoh(Fig. 3, Pro-
pionate). B %k A] 748 244 7 ol| A 48X) 7k o2 AA A #H & A
S AT = AT FEdA & ol F ehliA] W= A
o2 wooh =3} butyrate?] dFHS AHE AYHAT
2] ¢} §-213F 7 3Fo| 9l v (Fig. 3, Butyrate). o]AFe] 232 %
B g xubale) M2 248 1 mM FX, 4A 7 wioke s
A =39 ot

chaf x| ukAE 22 ol )% HepG2 A £l 4] CYP7AL
HAzlo] whd AwE =A3s}7] ¢)8A] actetate, propionate 2
butyrateZ Z7F 1 mM, 2441 3F wi<F3t A3, 2 E G A
Ao CYP7A19) H¥-& Z71 X # ). Acetate®} propionate
= AR 3-8 vheb o] g x| B3t 1.8u) 2} F1E
vehdig o, butyrater® 1589 718 R ohFig. 4).

Aol o] ZH~HE AAHAE AYHE dF =
3] A 2Fg-st= 2 7R 7o) AltE i Th(45). &, 9]
¥ £ A3}, FEAl Fok diabe] A, A Fo dlAL
o] 734, WA el A Ao Adf-o a2 SCFAS A4, 749
LDL =& A2 up-regulation(46) % Q¥ ==& 52
2ol N A = re 2RV ZEL M3 Solr} Ao 4
f= AR abelg]olel] 9 &) ¥a 7} =] acetate, propionate
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Fig. 3. Effect of acetate on CYP7A1 gene expression in cultured
HepG2 cell.

Confluent HepG2 cell were incubated for 24 hr and 48 hr in serum
free medium in the presence of indicated concentrations of acetate,
propionate, and butyrate. Data represent the means*SD of
triplicate experiments. A value sharing same superscript is not
significantly different at p<0.05.

Y butyrates} 72 gl x|ubite] =o] A o FE) .

47). 29 A 29 27) AF 232, propionate”} Z3
2HE A6 ANERE 7 Aoz 2 oh(48-
50). ©] 7142 propionate(<1 mmol/L E X A])7} 7FA) E
oA acetateZH-E] FHAHE APA L FH oz A3
g lthe #5502 RE A AX WS, F44a
& FA A2 Al-4-3l9 Demigne 5(52)2 propionate] A=)
2 F=(2F 0.6 mmol/L)7F ZHH E A in vitro EH 2 HE
AL 0 vt oA oA dAE 2ok 2y,
F5A B AR o2 Gl A, o] ¥4 55 (1 mmol/L)
+ g A3}R] ekktH48,51). Propionate?] 94 3= =4

control  acetate propionate butyrate

A .
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{ B-Actin
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Fig. 4. SCFA control of CYP7A1 gene expression in HepG2
cell.

Confluent HepG2 cell were incubated with indicated SCFA (1 mM)
for 24 hr in serum free medium. (A) Levels of CYP7A1 mRNA
were determined by semi-quantitative RT-PCR analysis using
ImageQuant program. B-Actin was used as a control. (B) All
signals were normalized to mRNA levels of housekeeping gene,
B-actin, and expressed as a % control. Data represent the means
£ SD of triplicate experiments. A value sharing same superscript
is not significantly different at p<0.05.

Z o]}, In vivo ATl 4 £ propionic acid’} 4 F# 2 ¥
24 P13 & Zaishe =49 o217} ¢} &, Kishimoto
Z(53)2- A% propionateE A& 02 Flsy ¥A 2
# e Eo] ZHAstgivtn B skt Wright $61)& 25
mM?©]38}9] propionate ¥ =4 ZHA| Eol 4] T AHE
Aol M= on 1 o)A FxelA = XAk gt
Ao] A= ety st th Chen $(50)-2 0.5% sodium
propionate?} EH 2 E Ao]lE A3 A A
ko] EHl2EEo] FoH LR FFadlg]on o] Ale]4]
o] e 2El & Astaol) 2 dEAHEQ) propionate’}t o
i H g FASNHAT 1Y E By, SEHAHE
A& a7’ 84 Aol ®= propionate® A # ¥
AHEEANA FAER gz FriEe o2 wtEgo
2 249t} Levrat £(54)- propionic acidFe7} 83 24
28 &3 FH2HE §4S F2ATA Skt 2wst
g} #2135 7FA Eol 4 1 mmol/L propionate &A= A4}
A AARAE JASA] eskohe B a(50,51)9 =9 U9
Z A el 2174 2 Z propionate(36 mmol/kg 0.75 daily) & 5
AH3FS1E o, propionatex F4E 2] o} A A} ~¥)
E ool A& v AR eglrieE B (55)7) 9lvk, 239
A" Fol= fF A 7t FH2HE FAS FueAA =
7R RATHE6,57). 0] g 3 AFAEL HEl FoJA) 7
A 2HE FAF7E F5AE A St U Bt H,
Zr EH2EE FAEL TREA HolARE AR A4
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A ZH2HE 52 G Fodshx| getia At
9}, g+, Hara 5-(26)-2 propionate, butyrate ¥+ pro-
pionate+butyrateA] o) 7} & Za| A B85 3R] Agro.
U, acetate = thE F SCFAS] 3}l acetater} o8]
Ao gl 84 Fd2HEE F39] propionatez}r] Xt
= acetate’} SCFAY E#) A6 & A slastd #A3-& v
oAt} =3, SCFA Aol & A 3#9] 7k 27-& A%
invitro TR AU E FA4L A=A ddeE By
o= AlolAdfo AF7 £ BFA MidE ST 3,
o]Z o] in vitroZt FH 2~HE A A (A E Fo HMG-
CoA reductase)& FrEow, Alo]df Maw A=
SCFAZ} 954t wlAd Z7tell 7113814 in vivo ZH 2 &
FAS JAstdctn Akt ol el xE A F7HA
T xjapate] FHAHE AlAel #H3 A7 9
262 A =46 B3 Ao] - Fo|drt & AFAES
QA A FellA] wrEA el Ba] B-glucand] FI7) ] ¥
A SHAHEL AEA 7, ol PR Ak wi A
Z 7o} 7hel A 9] CYP7AL A3 4& Fotell 7118 9
Aok, webA B 72l Ao R0 AAREE A4
g gz yhate] 2t FH~HE 4 £-o] ohe} FE
Gzat AFA T 23 CYPTALY AA 248 S84 2
A U 2HEL A TE Aoz Ao, B A
A7} o] AL XA Fek Eq £ Aol A ALS-E el A
Ake] (1 mM)E 0,05, 1,25 5 mMe] FEol4 &g
iAol A2 ZAEH o, o] &7b57 A E(26,58,
59)2RE Aeld 5o FEUS o vt ol A
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