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Effects of feeding corn with high resistant starch on gut-microbiota
composition and functional alteration in beagles
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FFE FAAZ &8 7IHC R 3 AlR gt R AAste] Z4249] AR E 1657 59 Foh AW 8= oA
WSS 891517] 93] alpha diversity ¥ beta diversityS £43%t 23}, 231} A2 7te] *jol= IHaE A ko
t}. 283 B9t oA FREI 275t Ao g 4E A Y uBE & genus £59 Erysipelatoclostridiume]
2ot Hlu S o HZFoA order $+ERE ABHLRE AP FY ndE9 FRETF ¥k o] 753
OF nxE IS BA51] Y8 KEGG (Kyoto encyclopedia of genes and genomes) pathway database®
g8-5t0] PICRUSR2E £t A3}, 2o H|s A2]Fo)|A] sulfur metabolism (p < 0.001)#} insulin signalling
pathway (p < 0.01)9] £7} 9 carbohydrate metabolism@l pentose phosphate pathway?} pentose and
glucuronate interconversions’F Z4ARTHp < 0.01). 4719 235 EYE FFoEH, v|SHA AFHE HHs
29 37t AU vE S04 F AR AE diAtel §9g IS Alsdrt

Abstract Resistant starch (RS) is not broken down by digestive enzymes, but is instead, fermented by gut
microbes and converted into metabolites, such as short-chain fatty acids, which have beneficial effects
on the body via multiple mechanisms. This study examined the effects of feeding corn with high RS
levels on the gut-microbial ecosystem in beagles. The control group was fed a rice-based diet with a
low RS level, and the treatment group was fed a corn-based diet with a high RS level. After 16 weeks
of feeding, the alpha- and beta-diversity were similar in the two groups. The genus
Erysipelatoclostridium, which has higher abundance in obese individuals, was decreased from the order
level in the treatment group. The function prediction by the modified gut-microbiota using the KEGG
pathway database with PICRUSt2 showed that the sulfur metabolism (p<{0.001) and insulin signaling
pathway (p<0.01) increased and carbohydrate metabolism pathways, including the pentose phosphate
pathway and pentose and glucuronate interconversions, decreased (p<0.01) in the treatment group
compared with the control group. These results suggest that RS can play a beneficial role in anti-obesity,
glucose, and lipid metabolism in the gut-microbial ecosystem of beagles.
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1. M2
e AE EF AANA 4S5 (Carnivores)?] A

3} (Canidae)ll &3tH, S4l5E9 E4S AWATE,
& Al 519} whole genome re-sequencing
= &83 vu BAS B9 oA 7153 7170 95
AstH oz JFS W2 genome?| JFo| ¥ HT.
1 %, AMY2B (Amylase alpha 2B)¢} &2 AES
A31F 4= Q= AR #olZt RIS, 2] &, A
= TRt Aol digk 4% AAE AL fETE 5
UEE 7153 DA FAFCE AT 82
A3t ZEE AR (Rapidly digestible starch), &
3] 435 AR (Slowly digestible starch)@} A
34 AR (Resistant starch, RS)CE EF & 5
3L °] &, RS AT AFe] 2794 E45A
U= ARG HAE EoiES ST HHrH4l. RS
9] 3d L BN A HolA EHlEE &h
A= 43Pt =R g1 9FE BAe &, diFte]
Al o 712 AU wBEC] g Ao A T E T}
HH, butyrate?} acetate, propionate?} Z-2 T
AARE AAgstt5]. 2 13 A vl o
gt 715 FolA, tolA e FAEEY 7152 NAAl
713, @ foAe B Y 2 SHAHEY
FAE Eole § A4S MAAE B 9 ofye, A
HAEEY] A E tiAbbE] gt 7|5 H o R g
gtofl thgt SHol HUFTH5,6]. ]2t 22 RS
a9 A AR, a9 5 ot 55
ShrE o] UATH7,8]. SE= APATFAA T
4 27 FoA 557 7P =2 RS &

o, 7td-37F wo] ofsto] RS9 gHFo] F71+
= st

|2 RHSE ALRCIA 7HE Eol ARgElE
SEYULEE Bo] o]&HI jloy, JgTt
A8 & 1oIUES W S EIT TGS
SFYCEN AFH 7127 Holuh & A du=E
7Fs/3S 7HAA qint. ok H dERlEY]
vt sEo] oigt QI4WSH9, 10, FFE AE(Grain
free) i3t A5% J7F, LH=7] {42 7o) =the
Qe BEo] AR mEu|st 5o o3 Alm dE
22X S50 tigt 844 14lo] SfEal IeH11l
SEARE BH A9 At dREXN 277 e S
H FY2 &7t ofd BB TiiEo|w,| o]o] mE
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S-S AR "gette dREA o] tigt ol
Al AaLel @aAgo] A7IEAL AeH11, 121,

T, 2 AT AR dFol S7HE S
7Rt 2 9F Akme] Foj7h g 7INIOR Sk Al
AFS 253 vaste] Ay vdE 2o HskE
RIskY Btk RN S4E 7INe R oF v
o] AE7E AmEA Aol ditt AES fsf &
W ndE @739 7154 HakE B

e

AlB5E2 Association of American Feed Control
Official(AAFCO)[13]0l4] #dste HAAE TS} =
FE4EHY FEAERT/IYUI]IACUCY 3R HZo
OAst] 107t E BiA|sHEE 107 Y] HIE(2.9 +
0.05 ¥)2 52483 a4ty 2% (22 +
10% = 50 £ 10%)7F A FA=E 523
34 oA i AR (PF2 170 em x A2 210 cm)
et AF A Aol 2 ARA AZE A5
Pk AFARY ko] 2.33%AW 244 100C ]
A 3087F AEZIYE B, 4TOA 24A17H59 W2ksiA

=0 Z0J3F
=2 5YsH

0.69%2 AFHE] AdFe ST °olF, A
A Bz (LRS= A2 7INtez wigsly, A+
(HRS)= 7HE-97 o A s SA

1 S54F 7I5to R wigst $of @Stk RS9}
HRS9] Al@AtE= 3HH A&} gefol 5sHA Az
R, AFHES] FFTE LRSE 1.09%, HRSE 3.12%
2 Zo]7} UK Table 1).

SAIEES LRSS HRSOl 5ut} 4] Ad -2 glo]
2912 X, AbEe] Folsg2 FEDIAF (European
pet food industry federation)ollA] AAJol= 7]1E£0=2
132 x AL AEEF ) 2(14] AAE AL olu A
[877Fo] TYsHA 16527 AE FolE AAlstglon,

4t ARLSE AAYT olF, A BT BAS

el 16577 o] &, FA Aol B AES AHH
.
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Table 1. Information of ingredients and proximate
analysis of diets for experiment.

LRS HRS
Resistant starch content, %
Ingredients 2.33 6.69
Experiments diet 1.09 3.12
Ingredients, %
Rice powder 31.9 -
Corn powder - 29.2
Chicken breast powder 15.0 17.7
York powder 12.0 12.0
Green laver 1.0 1.0
Cabbage powder 1.0 1.0
Calcium carbonate 1.0 1.0
Green laver 1.0 1.0
Lard 1.5 1.5
Potassium citrate 0.6 0.6
Vitamin and mineral premix 0.4 0.4
Salt 0.2 0.2
Water 35.0 35.0
Proximate analysis, %
Crude protein 33.08 33.01
Crude fat 15.9 15.59
Crude ash 0.29 0.28
Crude fiber 2.49 2.38
Nitrogen-free extract 48.24 48.74
Calcium 0.83 0.81
Phosphorus 0.59 0.57
Calorie content, kcal/kg 4198 4187

LRS; group fed with a rice diet for 16 weeks, HRS; group fed

with a corn diet for 16 weeks, n = 5 per group.

2.2 2H MZ | 16s rRNAS| G7|ME 2N

HEHAZ9] DNAE NucleoSpin DNA Stool Kit
(Macherey-Nagel, Germany)% ARgoto] FEJt.
23 DNA9] 97]AM L2 illumina MiSeq (2 x 300bp,
paired-end sequencing)® 16s rRNACIA] V3-V4 I
(341F/805R)8] &4 m&}o|H (Forward: 5 -CTACG

GGNGGCWGCAG-3’, Reverse: 5’—GACTACHVGG
GTATCTAATCC-3)E AFE3IH A714Le ATt
AAE V3-V4 999 forward read®} reverse read
9] fastqmt¥2 QIIME2 (Quantitative insights into
microbial ecology, version 2020.11)°f Akl quality
score® &9l ¥, forward read®} reverse read®] ¥
B (cut-off ¢ 2004 demultiplexinge FHFcH15].
o] &, demultiplexing® read&9] clustering& Hall
DADA2 (Divisive amplicon denoising algorithm,
2)& primer®} adapterE trimming ¥, denoising ¥
chimerag AAT ZUH vBE 240 AH&E feature
‘ﬂ ASVS (amplicon sequence variants)E AJdFct

. 283 16s rRNAY A FlA SILVA
full length (version SSU138)5 ARZ3fA H71AE
Ao AHg3t B V3-V4Y LY primerE pre-trained

FAEH171.

¥z

—r‘

kel

& taxonomy classificatione £4]

2.3 ¥ o=

v Ao gt S A5 Aot A
A= ASVsE &-83lo] QIIME29] q2-diversity plug-in
o7 AR AU e S B4 & de
A# %, alpha diversity 42

Clop 24
e
= 3
E

index,

1=
242

Chaol

evenness, Shannon index, Simpson index
E.f‘)‘H xhﬂu]/\ﬂ‘j 1:}01:/\-1 :r].ou-l u_l ﬁH = _,JR—]‘§HE’|-
2213 LRSS} HRSS) A 0148 24 74 Aol o
QI5H7] Y3t beta diversity 42 Jaccard distance
@} Bray-Curtis distance® 243t} Alpha diversity
wHo] A8E oy AESel diet BARMS
plug-in® WA Kruskal-Wallis2 E43{ct. Beta

Table 2. Result of filtered reads by DADA2 on gut-microbiome of dogs after feeding experimental diets.

Sample-id Group Input reads Filtered reads Denoised reads Merged reads Non;zzglqeric
F1 HRS 390598 263359 262244 255846 212538
F3 HRS 210473 148048 147315 141776 93304
F5 LRS 327379 227361 226287 220922 174170
F7 LRS 165547 112652 111887 106779 81008
F12 HRS 155969 112252 111498 106854 82741
M7 HRS 153869 112622 112099 108426 81210
M9 LRS 412823 285182 283531 273889 224948
M10 LRS 173617 121093 120335 115818 91377
M11 LRS 225839 161883 161064 156318 127570
M12 HRS 260464 183324 182565 180489 164799

Number of non-chimeric reads were used for analysis of gut-microbiota features after running DADA2.
LRS; group fed with a rice diet for 16 weeks, HRS: group fed with a corn diet for 16 weeks, n = 5 per group.
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diversity 42| A4S PERMANOVA (Permutational
multivariate analysis of variance)@ A3t}

HAM gl

2.4 LEfSe 24 ¥ 7|5 OF

LRS¥} HRSZHS] g mjAEo]A] HiolPAE 27
A3t £4 =2 I3WQI Linear discriminant analysis
effect size (LEfSe) £4& 93ll, taxonomic rank9]
genus©lA] collapse@}tt. LEfSeE4]2 cut-off (LDA
score € 3.0) ¥ Kruskal-WallisZ BAE4S AAIF
TH18]. 183 A vy &4 Wste] ok mAy
=09 7I5Ae WeE dEsh]l #fsi PICRUSt2
(Phylogenetic investigation of communities by
reconstruction of unobserved states)®=4<S ARE3
2[19], 274 7Is=cl tgt F4& 271 98 KEGG
(Kyoto encyclopedia of genes and genomes) Hl|°]
Elio]AE  E83th  EA"E  dHlolH:  STAMP
(Statistical analyses of metagenomic profiles)& &
g35to] A|Z15) 9 Kruskal-WallisZ p € 0.015 5413
Fo8oz AFFTH20].

3. Za ¢ n%
3.1 Q7N 24 U U OISO CHLy B4
A TR BAE 919 AH8E 971429 Phred

i

quality scorex= 33010l £49] 0 /E A4t
571 fsliA A7IAE EAo) ARG mEtolw AdE
AAs 7 Je59] e 9 7H=E AAT 41,
< 10719 B714E ohdollAl B+ 133366.5 £ 56504
7R9] ASVs (Amplicon sequence variants)’} 23354
tHTable 2). B/9E ASVsE &-&ato] APHE] o3F
o] #2 &445 7|gto R gt Alert AU vgES] o
Pt FRE FAFE vFH=A sl Y, alpha
B Table 3). ¥4 X E+E Shannon

diversityg &4

index, Chaol index, species evenness ¥ Simpson
indexE& ARSI, ©E X HofA LRSS HRS7HS] B4
2 o7t QUQItE. Chaol2 LRSOIA 125.30 +
13.50, HRSJIA 95.60 + 13.45% ZAsH= A3 3L
PAT AR CE {5t Fol= glSich AU A=
59 449 = species
evenness A|HEAE LRSSt HRSOIA 22t 0.57 +
0.02, 0.58 + 0.032.= #o|7} I}, E2L, W= F
9] 48} BRAYTE Wefot= 4 X HE2I Shannon #|
0t B Fofl HEH F=E I 5= 3= Simpson
Aol AFAE o] FHHOE &2 S5 A
59| Fofo o3t #srt gigiet

F7H o0& AIY AR golol s LRS9} HRS7H
Ay uBE £ WHskE @Rlsky] 98 Bray-Curtis
distance®} Jaccard distances E4F{HFig. 1). 1
47}, ® AE 2% BAHos SOl Aolt itk
ST Sste 2z Aoloh ARz dgel A
olo] ojgk A vl Bl byt 4 7h0) A A
gl AL BT 5 9Tk webA HEA vl
Aol B Al 3t g o, A
FE A 35 Az W A2 Baste
gz ) olEe] 249 ] 98-S Sl

I =E=1

= = B P
des ST &

=

o

o

v}

=1]
=<

3.2 B D|ME B9l LEfSe 24 U 75 0=

LRSS} HRS7HY] AW v E S5l Higt HalE &
A3st7] oA BE 5 DA 5 S(Genus) FE7
219 A ulFESC] et LEfSeE EAFTHEig. 2).
1 Z3}, metagenomicsOlA E5H E(Phylum)9
Patescibacteria®t 1 3t A9  ZHClass)d
Saccharimonadia, ={(Order)?l Saccharimonadales,
IHFamily)?l Saccharimonadaceae, genus? TM7a
7} A& H 22 RSO H]s] HRSOIA SHE=7}F AT
(Fig. 2A and 2B). Patescibacteria®™= Parcubacteria,
Microgenomates, Sphingibacteriia 2 Saccharibacteria

Table 3. Result of gut microbial alpha diversity of each group in dogs after feeding diet of rice and corn.

Group
Alpha diversity RS RS p-value
Chaol estimates + SD 125.30 + 13.50 95.60 + 13.45 0.158
Evenness + SD 0.57 + 0.02 0.58 + 0.03 0.908
Shannon's index + SD 3.97 + 0.14 3.75 + 0.18 0.366
Simpson's index * SD 0.07 + 0.01 0.10 + 0.02 0.230

LRS; group fed with a rice diet for 16 weeks, HRS; group fed with a corn diet for 16 weeks, SD: Standard deviation, n = 5 per group.
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Axis 2 (25.23%) @ Lks Axis 2 (14.56%) @ Lks
@ HRs @ ERs
® oO o 5}
®
(5]
[ ] (]
0
° ®
°®
®
Axis 3 (15.72%) ® Axis3(14.19%) @
Asis 1(33.35%) Axis 1 (17.25%)
p=0.097 p=0113

Fig. 1. Result of gut-microbial beta diversity of each group in dogs after feeding diet of rice and corn. (A)
Bray-curtis distance. (B) Jaccard distance. The axes were showed component numbers of % variance.
LRS; group fed with a rice diet for 16 weeks, HRS; group fed with a corn diet for 16 weeks, n = 5 per
group

5 o8 71X E(Phylum)S EHH= A Superphylum) w
o]H, candidate phyla radiation (CPR)S] 52°]%
AREEY. CPRE in silicodlA B9 249 HE| o}
2 FEEH /et fEES 715E 7HAAL AL in
vitroo| A BijFo] o2 E7o] Qlth21]. CPRell &5t
= 98 7H FE E(Phylum)solA L7 Al ’\1@‘
o] AW B9 Saccharibacteria= TM/Z B<
olZ 1 3F9AISol (Class)Sl Saccbzmmonadza 7
B &(Genus)?l TM7a7v &9 UAH22,23]. TMVa=
TM71EC] &3t GIAIZ 714G B 3ol 9sff @

ERFAT24], A el o1g7] "l A=Y EELRS EERHRS

54 9 7l5Hel Wol ol AR ggkek oz s DE—
@ TM7IE Sl BAVIA KU WFE TMTxE —— i

Aol 7NN HFRAT, in vitroolH B By -

ol 7FssIeH24]. TM7x= XHO013 E2]2 02 &of : e

A TS5 QEhow NREO AEFHA 9u Wz ='g‘_sm7hmd

AoF 9 AFS} AEH A Ao FARRE ¥HSE F I gt : C-Sacchaimonads

[25-27] SHATE B Aol =EH TM7a) A &

a: o_Micrococcates

b: f_Erysipelatoclostridiace
c: o_Erysipelotrichales

d: f_Streptococcaceae

e: c_Bacilli

f: o_Lachnosipirales

g: 0o_Oscillospirales

h: f_Saccharimonadaceae
k: o_Saccharimonadales

j: c_Saccharimonadia

g_Erysipelatoclostridium
c_Bacill
p_Patescibacteria

o_Micrococcales

IR .o 45 5

I o Oscilospirales

= Zhaol gt S ofe] 71x] ojx7} dolglo. ¥y =
ot Wl R SO dolelt B Havt ol —L
-6.0 =48 -3.6 =24 -1.2 00 12 24 36 48 6.0
tt. 183 Firmicutes®] 7}(Class)?l Erysipelotrichia LDA SCORE (log 10)
9] H(Order)l Frysipelotrichales, Z{Family)?l Fig. 2. Analysis of the linear discriminant analysis effect
, , o] . L. size (LEfSe) of each group in dogs after feeding
Lrysipelotrichaceac®t {Genus)?l Bysipelatoclostridium diet of rice and corn. (A) Cladogram. (B) Plots
9 FHLIt ABHeRE TAFHFig. 2A and 2B). of the LEfSe. LDA score < 3.0, p_, phylum; c_,
Turnbaught S5°[28] W29 H|vIQlo] Ay n|PE & class; o_, order; f_, family; g_, genus; LRS;
i i = =l group fed with a rice diet for 16 weeks, HRS;
MelM - Erysipelotrichaceae®] S5-=7F S7HRHAL group fed with a corn diet for 16 weeks, n = 5
B3ty J83 C57BL/6 uk-Ao 1A4Alolet 7 per group
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7:}—

A& 7t FoigE o,
o T35 vs] Aol FARAL Erysipelatoclostridium
9] FREI} ZAJCH29]. ESE IAHA0lE Fogt
C57BL/G] BRS04 50 mg/Le] E47F 71 2=
H|gte] Hrert Ase Bt ope}, A Arysipelotrichaceae
O FR=7F IA S7HATH301. LEfSe ¥4 s $%
SHEH, AFHE Tgo] dHFoR 52 S5 Alm
9] Foj= v A9 AW uAE F, HE(Order)5EolA
Erysipelotrichaless 8] M Family)Ql Erysipelotrichaceae
9} A9 %(Genus)? Erysipelatoclostridiunr& A
BHOE ZAAFIH, ol Y nBES] BHA &
H|gto]] G491 ko g 249 AL 4 Ut
F7HHoR 719 Y vdE =9 TR st
B4 2 EUE 7154 Hils BAs] 9l KEGG
(Kyoto encyclopedia of genes and genomes) databaseE
ARE5to] PICRUSt2 (Phylogenetic investigation of
communities by reconstruction of unobserved
states)2 EAHFig. 3). I A3}, HRSOIA KEGG
pathway9] level 391 & tHAKSulfur metabolism, p
< 0.00)# J&d A3dE ZHZ(nsulin signaling
pathway, p < 0.01)7} Z42F S7Hllch 18]3 KEGG
pathway?] level 291 ®=8}H& tAKCarbohydrate
metabolism)©]] £31= level 39] Q&RS QA Z(Pentose
phosphate pathway)?} HEA I FEILZY0|E A
% H3KPentose and glucuronate interconversions)
7V 242 AT (p € 0.01). 2 AE¥oz FQa%t
op|iAlel  AIAHIQN(Cysteine)?t ]2 H(Methionine)
oju} At 7] =FEA]2(Glutathione)
7o E-9] FAYAolH, & thASulfur metabolism)+=
A W 8 o|A] dhARgoltH31]. & tiAke] 8
AFEQ] HE]2d(Methionine)9] A= 9 W HDL-
Y AHEL Z7MA17]3L apolipoprotein Al A9

12 #7151 ke TAAlo]

ol
=

o 7L

[ <

H LRS [JHRS

Sulfur metabolism m—
Insulin signaling pathway &

Pentose phosphate pathwa)y | —

Pentose and glucuronate interconversions [E——

HF3 o] S71HCH32). FSt 3T 2k(Sulphate reduction)
2 @718 A=Y AUAE &7 Al 2 A=,
531t olghaby L& ATPof ol&Esks ACE ZF U
A Ark SEYolA] At TS AIAEHRI B B
TAIAHRI(Homocysteine)= & AFEE AY/dstal o]
gt AIAEIRI(Cystein) FH4tsksEo] 9lom, A9
AL ZHEolA S-G9 2H33]. 18| p4kst
71%6S 7= SFEA2(Glutathione)9] Eof ARSE|
£ 8491 NADPH AA4e] #olsl= eutd it A=
(Pentose phosphate pathway)’l Ao @A, A
n|BE0] 8o 45t AE A0 FHHHoR WEE AR
AZrEe) &3k, Qg QARG Z(Pentose phosphate
pathway®} HEAPentose) 2o 1E(Glucuronate)
A5 Adgo] A, Qe ASHAYE HE(nsulin
signaling pathway)2] $7F= AHEe] 4 7]
F& Ao AZtE. ded FF FAZIAH
EAol= Azl oo EH|EH, HH|lE THdL Qe
A 8A(Insulin receptor)°ll 2ot A& F8A
71&(Insulin receptor substrate)?] AAeIE S35 Al
SE Adiith 4719 22 e 7% uEl o
Abs BAAY Bt B9 HH o R e 7
5ol BojAAY, Qedo 4 At = e A
o] o) HAlokE AoR & AA ot AFAE
9] HFoll oJsf ol2fgt Ql&d o] FYHETE A
T Afe B2 9 AFE Bo1 BaEATHI4-361.
B3 APHE HF AL AolA EHlEE Z2E
GLP-1 (Glucagon-like peptide-1)Z} PYY (Peptide
YY)Q] AdgF 240 Qs AR | ZAFTH37L

ol O=
= =

=

Zo

0.0

Mean proportion (%)

£, A&yt A5 A Qg A HAEA JF
T HiAE 4 Qith. 27140 Qe Aol T o
AR ZEgboto] S JHg, A9 4 9 B3l 59
ARl IEE o= AL=E F A JH38].

95% confidence intervals =

[

oo 1.14e-4 9

ol l.4le3 £

' ———— 4.94e-3 —:—

' (A S— 5.46e-3 3

' 2

21 -0.2 -01 00 01 02 0.3 04 05 a

Difference in mean proportions (%)

Fig. 3. Phylogenetic investigation of communities by reconstruction of unobserved states (PICRUSt2) analysis
results of predicted functional kyoto encyclopedia of genes and genomes (KEGG) pathway between the
rice and corn diet in fecal microbiota. LRS; group fed with a rice diet for 16 weeks, HRS; group fed
with a corn diet for 16 weeks, n = 5 per group.
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whA], H|E BERBETHR] 571 24 E FFol E
Q5EATE, LRSO ®]3] HRSOIA vt A9 Ay vdE
%, vRt A3 u|;EQl FrysipelatoclostridiumP] A
FHoE sty & thaket el AsdE FRY
715°] S7Hith 4719 AnE SPNEY, AFHE
9] geFo] JAE S5 AR ) o3t sk Ae]
U s AEA Q] Hdte FHIREERI S0 & Btk
Ag APt

4. ZE

PR S AR F5E 7INte R o AL
 A3e o7 7R AW vdE 5 ARl 22
AldolA FHRETF B2 Z02 IHd Y rEel
ErysipelatoclostridiunP] S{Orden)552] Hysipelotrichales
e ABHoR Atk 181 #H3kdE A vdE
A 93t 7154 WHIE AT ZI, & g+
(Sulfur metabolism)@} 1&d A3HY ZHZ(Insulin
signaling pathway)7} S7F3it}. ol Z3k= vk A
o AU v|E EE FHNte] FHA e |
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