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Bioconversion of nitrogen oxides and reduction of
ferric ions by probiotic lactic acid bacteria

Selim Kim' and Jungil Hong"*

!Division of Applied Food System, College of Natural Science, Seoul Women's University

Abstract Many lactic acid bacteria (LAB) have probiotic properties that exert various health benefits. In this study, the
reduction potential of nitrogen oxide compounds and ferric ions by six LAB, including Lactobacillus kimchicus, L. lactis,
L. casei, L. plantarum, L. rhamnosus GG, and Leuconostoc mesenteroides were evaluated. The L. kimchicus strain
produced a substantial amount of nitrite reduced from nitrate added to the media, whereas the other five LAB strains did
not. L. kimchicus also showed the most potent reducing activity of ferric to ferrous ions. However, the reduction potential
of the autoclaved L. kimchicus was little pronounced. The scavenging activities of viable LAB or their cell lysates against
different radicals were not consistent with the potency of the LAB’s reducing ability. The present results indicate that L.
kimchicus has a strong reduction potential for nitrogen oxides in viable status, and that this ability can be used as a

probiotic property for various health benefits.
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Lactobacillus, Leuconostoc, Lactococcus 52 F-AHFS tE A2

ZRufo| ¥l g2 FHLEA o]&-Ath(solauri T, 2004).
olE2 AvAl FHE AHE AA WellA A B vjmAgA
719] A% nAE 4% 54, FEUS ¢3), 8% FHzEHE
7, Y 8 WY SRS 5 Ode 47 33 298 o

S B A ERATH(Gill, 2003; Jayaprakasha 5, 2005; Saarela 5,

2002; Sanders, 1999). A3#2] 735, G Abol| Fokslo] Aol =
G3l7] Aol tiFE APEE o, A BEey FHee E

E Wi 9 WiEEged tigh okt d3s dEoe] gt
(Saarela 5, 2000; Seo} Lee, 2007).

S, ZRulo] QA #o] Al A S T AikEe A
& = non-viable bacterial productsZ &ollA] A& &4
< YEF ouale EAEH|QE AV FEET g
THPetal®} Denning, 2013). TR WAL ofmi=t g slglo|=
5o X2EHO|QE A RS Ax, FH s2E F YiS 9
g AER BHEEI|E o, e 9 Asle) 2 gitEEe] =
5 Fo] OFe A 23E 7RItk B EATHAguilar-
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Toala 5, 2018; Sanchez 5, 2017). o]} 7Zro] 83 ZZujo]e
g2 dagy) A2 EAEN|QEXR ] lojx] mlgE9]
Ao gigt A7t A&H ez 9= 9

AN .

A Adstee AF T o dHE Al F9E A

oY WS Tl o] A W S8 IS vAA =k
Nitrate= AHof B ZAFF 22 AFo w2 FFoez EAjst

o, ole AF Aol Ay g F AslelA i3
&4 9 nitrifying bacteria®] ZH-goll 93] nitrite® A H T}
Nitritet= &7F8-%2] LA} Clostridium botulinum 37348 5-<]
EXo = &rtEo] AMSHA e AFHIECIA N, MY =
st Al 2xF o}¥l(amines)¥t WHE-3Fe] WAEZARQ] YEZAT
(nitrosoamine)S ¥/g gt} WSk, o} A4 AR Q3] 57 2
F9 nitrate FE7F AYUXA ZokAW 0|2 s AR WellA
HEZA ] MAo] 2319 = vty BvE 8} Jrk(Chung
%, 2003). wetA], HIER] CE H|5319] a-tocopherol, T4 3}
e Tl 93t nitrite 227, UEZAT A4 =] 2 2 7]H9
3k A3 A&Hor AYPE T JTHChung 5, 2003; Lee 5,
20006).

SR HZE nitite’} 2318 Aol F5T 5 =
318 A (nitric oxide, NOYS HZal Fo 24 thysh Alg
A EHE ootk AFEo] HALHIAL Qo] o]
Aol Zolx| 1 9t} NOE AZ@AME & oMz &

FEFES T GFRIFY A4S sl sUAske 4%
1, 3L (Carpenter®} Schoenfisch, 2012), HlolM= W &
FAE A% 24715S JeblH, BRI 7159 Asll=
oISt Berg 5, 2004; Duncan 5, 1995). $HH, nitrites= $1<]
Az B w55 ol 5 ¥hEsle] NO= #E &+ 9lof, 4
< B nitrite®] AHFH7F NO2| Ao wE FAE-S oYs)
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786 =2 E 388 %] A 53 WA 6 & (2021)

Av 938 = vty BuE vl QU thBenjamin 5, 1994;
Lundberg &, 1994).

A7 Apde] daedt A4 T nAES] J8% dF &
Wu A Eol o]3t nitrate 2 nitrite 5 ZAAAFSHE] Ao )
Ae A7E v A AFAE AHAEY ¢ JE Z2hloley
& #AFEA olF AslE e # H AADAdF nitrate
e B3 NOS} 7+ T AEnlo|QEIA AR Aale] T3
A= AL FgE v} gl wepa] B Addis Z2uHlo|Q
g2z de] ARREE fARFol 98 nitrate B nitrite®] W3
e Hrkelal, ol 3 fAtde] €8 ¢ xXEvjolo]gx
A Fs/3E AABILAL et ol& 3 Al AF FEokellA
gFsA o] 5T e 55 ZEnlo] 02 fakda) o)l AT
oA resazurin % 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide MTT)l thall 93] £ SASALS W2l Lactobacillus
kimchicus (Lee &, 2021byE A3l o]52] itz tigh
3hl g S-S v FrkeRsih Bl o] ot ferric
ionllA] ferrous ionoll T8t PSS Hrisial At oA A
Aol ArspR|g gol| thaliX = ZALSt] ZRulo]Q ElATA F
| Al AR S3 7FsES HESZAL ST

LT
ARSHIX] & Alof

Akt vljefoll AR Lactobacilli MRS (de Man, Rogosa, and
Sharpe) broth @ agare= Difco (Detroit, MI, USA)IA 4314
o Aol AMS-E nitrate (NaNO,) % nitrite (NaNO,)> Duksan
chemical Co. (Ansan, Korea)olA], ferric sulfatex= Hayashi
Chemical Industries (Osaka, Japan)ollAl 43S0t} Ferrous
chloridex= Yakuri chemical Co. (Osaka, Japan)ollA] T3}513,
chald gako] ALS-E BCA protein assay reagent= Thermo
scientific (Waltham, MA, USA)A FYste] AL&3FA
Phosphate  buffered-saline (PBS) tablet, sulfanilamide, N-(1-
naphthyl)ethylenediamine dihydrochloride (NED), 3-(2-pyridyl)-5,6-
diphenyl-1,2,4-triazine-4',4"-disulfonic acid sodium salt (ferrozine),
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid) diammonium
salt (ABTS) % 2,2-diphenyl-1-picrylhydrazyl (DPPH)< Sigma-
Aldrich Co. (St. Louis, MO, USA)*IA T 3k3th.

A oF i =A

Aol AMGE ZEupo]QE X 7|TE VI fAdE F
Lactobacillus kimchicus (KCTC 12976)2} Leuconostoc mesenteroides
(KCTC 3530)~= Korean Collection for Type Cultures (Seoul,
Korea)oll A, Lactococcus lactis (ATCC 11454), Lactobacillus
casei (ATCC 393), Lactobacillus plantarum (ATCC 8014),
Lactobacillus rhamnosus GG (ATCC 53103)= American Type
Culture Collection (Manassas, VA, USAYIA 43I Ht. ZE o
F+ MRS broth®} MRS agarE AF8-3lod w353, Lew
mesenteroides= 28°ColX T2 5%2] F5= 37°ColA 2-33] A
st sl F ARSI

Nitrate &els U nitrite 2745 TI}

7} #FE MRS broth Aol 1% (v HZE5H Leu.
mesenteroides= 28°COIA T2 552 - 37°ColA] 48A17F Hlf
& 5, A AR (10,000xg, 5min)stel FAIE 35S
TH(1248R; Gyrozen Co., Gimpo, Korea). 3|5¢ #A4|= PBSE 2

3] AlHSEAL, 5% MRS broth7} 3-8 PBS & (viv)oll A&E
stk g 1S 98, 598 d8Y dRE HFAE
FrE A 343l MRS agaro] =2HI wjHo R 48-
T2X7F 1 viste] Alesidnt. o]+ 3]4]-8-90(8-10 log CFU/
mL)°l NaNO;, (nitrate) 5= NaNO, (nitrite)2] ZF5=7t 22t 2
mM 2 50 uMe] FE=F E3819(50:1, v/v), Leu. mesenteroides
£ 28°CoA, T2 559 FFE 37°ColA 12A17F < WA
Atk o] Wl AAHEAY ZFS= nitrites sulfanilamide®} NED
off o3 A9 azos}EZ HEE= Griess #HS o] 83514
(Lee 5, 2021a; Gray®} Dugan, 1975) 439t} =, 2+ A|7h8
2 ARE Fsle] 94E(8,000%g, 3 min) (Mini; Gyrozen Co.)
3 A5 150puL9t 5% phosphoric acid (vv)oll F<QU 1%
sulfanilamide (w/v) £ 50 uLE E38R] A-2olx 1087 vk
AFTh ©1F 0.1% NED (w/v) 50 pLet E3Fste] 1087 229
a0 o WHeAlRl F nlo]A R Zg o] E W=7 (Spectra Max
M3; Molecular device, Sunnylvale, CA, USA)E ©]&3}] 540
mellA FF=E SA ST

Altoll ]38} nitrate Y 2 nitrite 278 B4 s, o
AgH oA 3|gt #AE FRTE 28] AHIA, FHRT A
Aeslo] 71 (121°C, 12 atm, 15 min)E 53] a3
S THVS 1221; Vision Scientific Co., Daejeon, Korea). H 4]
g AFe] wuld gere AFYLRNS EFEFE 5] BCA
Aol olsf A sl (Smith 5, 1985), 500 ug/mLol| ek 5
g chilFEo 2 s|Msle] $jof FUsh o g A3

oL
33
<

e

Ferric ion [Fe(lll)] &ts =}

Z} AFE9] ferric ionol] T SHAZAES ferrozineS ©|-&-3}]
Btk 2 FFE 1% (viv) BESE] 4827 F9F wjdst
H, fl9F T HoR A 9 A AEE AXSATE A
7+ 34 H(8-10 log CFU/mML) B 5 7+ $Y3 ohld §hge]
Al 8149500 pg/mL)dl #FFE7F 100 pg/mLe] H=E ferric
sulfateS &3t 3 Leu. mesenteroidess 28°CollA T2 559]
< 37°ColA WrEAIF T ZF AIZPEE 41348-2](8,000%g, 3 min)
Mini)sl] S 35 &, A5 150 uLet 1 mM ferrozine
S50 uLE Efste] 9] AelA 20859 §HAIZ]1AL 562 nm
A FFEE =AU FYUH ferrous ion [Fe()]e] %&
ferrous chloride® 7 =48 2Hdste] gHAsISI T

LSt Ey EIL
oA AR 71E e Wl ABTS (Lee 5, 2021a;
Re &, 1999)¢} DPPH Z}t]Z(Blois, 1958; Lee &, 2021a)°l o
gk aAZg o R BAGTE UA 24 #FE 1% (viv) HESH
48717k Bt Bl ols HASRTE 23] AlFsle] A2 Al
o] TS 919 FUT WROR AxE ARt &9 o
IS FEER A 7t F4-EHE 50
7} 150 uL ABTS 891 3 100 uL DPPH
I EFate] 308F % 2o Gaox wkEAZl F, Zh7) 734

AFAT= 33] o] WA st W+ FFUAE YR 4
A UlZ2E4e] o)X= Student’s #testZ 95%2] 2]l
A AR er daod wel Al olde] teHlae] A9 o
AH) %) 2L (one-way ANOVA) Tukey’s HSD testS 2143}
o] 95%°] frelgelA g8kt
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=< L=
ZZHI0|EIA RLHZ0| 2[8t nitrate EHHEH

TFE fiktEe] AAlel §93 IS mAE ZRupe|Q
Y22 AAEIL e ke, 2 AFdae A Z2He]o Y
282 AREEI JAY ARTFEAe] e A 655 A4St
o] 7} #F8 nitrateol] g FASHE FrlEidith ZF 5% MRS
broth (vW)E ZAE viXo] 2mM2] nitrateS H7F5ke] w3t
Az, 659 A 5 5% #FolA 72A1ZF wiEAIZE Bt
nitrite”} ¥iA] Foll A AEHA @Rot, Lo kimchicus®] 727
7wl = 132.2-1553 MO & 5259] nitrite7} 2HA
HAL BHAE nitrite®] F 7] gl IA LA &t
(Fig. 1A). L. kimchicus® Tdt 72A17F vl A E &<F AIZHE
nitrite AJFFEE AT A, wiRo] H71e nitrae] A
624717k ool F&EE HYPHAOW, 7.7 log CFU/ML #+ &
SOl 7.1 7.4 log CFU/MLY ®l&) frolzo=

=2 nitrite
QS HolHA 4847 o] Fdl= AAE nitrite

F=7b 23}
e "ol YeRdthFig. 1B). ©1#3t L kimchicus®] nitrate 3%
Aol e thrtel A-ste] A=A DRlsh] flsted],
INF7IE HeE A Fo S vwsidth 1 49,
Agedt 29 tizes aushdd AgelMe nitite7t A

AZHA gokom, Aol oejATt nitrate] FHAS T

nitrite /A7 YEPATHFig. 10). & Ads AT 219
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I 3lE]

FhdEoly FAlo] 23 A s Ee] opd, A e
L. kimchicus TWA] 23l nitrate?] SPEFo] AIF = RIS
AAreke), e Atoll &EtH L plantarum3}  Staphyloccus
carnosus7t 10% Al=X g AoA z}z} 16003} 1350 ppm<]
nitriteS AAsHE A28 YeEhthKim 5, 2017). s 2 A
A 270X L. plantarum®] NaNO,ZHE nitrite29] F=2%1 8
S HolX| Kol e A W, L kimchicusell 2$+ &

atsle felee] X o x@Hon g Zlow dddn

Rl

ZZHIO|2E|A B4R 2[8t nitrite AT{EM

Nitrate®] 2ol 28l WAE nitrites o]oIXE SFNHS-S &
3l nitric oxide (NO) B A& 7IAN)Z Mg 5o 243} 34
(denitrification), ®+= 223 (nitrogen fixation)S $]3+ =g
o] FgYx]o] dRUOKNH)E A3 4 Urk(Tiso2} Schechter,
2015). WA ol = AFdM= ZF 72 5% MRS Bl S (viv)
o nitrites F7Fste] 0-72417F MY & FFIE nitrite TS
45109tk 2 23}, 7.7 log CFUMLS] L. kimchicuss 2477+
Alell 553%9] nitriteS &~ASl 659 +F T TP =2
A48 Bygon, ol LGGY L. plantarum®] &2 Q &7
] Al ol HlaElShe nitrite £71%59) W3S UERATHFig.
2A). BIFAIZHE nitrite AAEGe]l WHIE B4 Ay L
kimchicusg X3 HE 04 2447k o] Fof &do] xsle
Pe BATHFig. 2B).
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Fig. 1. Nitrate reducing activities of different LAB. Different numbers of LAB were grown in 5% (v/v) MRS broth containing 2 mM NaNO;,
and nitrite levels formed in culture broth were analyzed at 72 h (A). Time-dependent production of nitrite by L. kimchicus was measured during
72 h (B). Nitrite levels produced by viable and autoclaved L. kimchicus were also compared at 24 h (C). Each value represents the mean+SD
(n=3). Different letters indicate a significant difference (p<0.05) based on one way ANOVA and the Tukey’s HSD test. ** indicates a significant

difference (p<0.01) based on Student’s t-test (in C). N.D.; Not Detected



788 =t 38ke) R Al 53 WA 6 Z (2021)
L 100 - (A) o7.1 =74 ®7.7log CFU/mL
£
2 80 r
E
2 60 f
B
S
§ 401 de
2 92 | abe
1
= h gh h gh
Z 0 L g —g__ L g g__ 1
L. kimchicus L. lactis L. casei L. plantarum LGG Leu. mesenteroides
£ 100 - (B) 06 D24 m48 WT72h
&
2
2
o0
=
B
=
2
= a a a
Z fef f f
2 e
4 L . !
L. kimchicus L. lactis L. casei L. plantarum LGG Leu. mesenteroides
9
< 100 | (O 04 m24h
z
Z
S 8
<
)
S 60
> L a a d a
§ 40 be  be b b bed  acd a
2
.E 20 r
L. kimchicus L. lactis L. casei L. plantarum LGG Leu. mesenteroides

Fig. 2. Nitrite scavenging activities of different LAB. Each bacterium was grown in 5% (v/v) MRS containing 50 pM NaNO,, and changes in
nitrite levels were analyzed at 24 h (A). The growth period-dependent changes of nitrite level by different LAB were analyzed during 72 h (B).
Nitrite scavenging activities of autoclaved LAB were compared after 4 and 24 h incubation (C). Each value represents the mean+SD (n=3).
Different letters indicate a significant difference (p<0.05) based on one way ANOVA and the Tukey’s HSD test.
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Ao, APT7] B AHE] F e gAgo s g3t
7+ #F9 nitrite 271%S G822 500 pg/mL A
T FEolA A7k wE WAsiglo] 26.2-46.0%2] nitrite £~A
o] el o ™, LGG>Leu. mesenteroides>L. kimchicus> L.
plantarum>L. lactis>L. casei 2] B2 HATHFig. 20). A
T B2 2SS 29 LGGE A$olE 500 ug/mL A
o Fre dlgde F7F Fig 24004 FHo) 45 e
W 7.7 log CFU/mLS] 108 o]’do 2 Ajbslo] Aol vls| &
wAE o] G4 wg- mofek Ao R el wEkA o] 4
H= FA Y 54 =R E] nitrite®] LA i HAT
T Jov, L kimchicusE EZS FAMEES] nitrite 2AEFLS

2 Aol e diabtd g0 2AF Y-S ovdth
3 [¢]

A, nitrite?] AAE NOZQ] 13 o]Fo F712¢] e
58k AT g Bk oy EK(Tiso2} Schechter, 2015), nitration

oJu} nitrosation?} 72 &AL £33 27 (Lu &, 2016) 2 At
slo]l I3t nitrate® 2] F¥HS FINAME 7F3ITH Wagner 5, 1996).
B Aol Yebd L kimchicusoll 218 =& nitrite 227842
Fig. 19] nitrate] ek 5o 71& Aolx BiE MTT
tetrazoliumol] g w2 FUEAH S FHT di(Lee 5, 2021b) 3+
A 2AGHO R ddET) ol#St L kimchicus®] A2 A
A B2 2F Tl ¥nd 52 FHFOE EASE nitate
nitrite?} NOZ A3AA Ao TFL 5 Uthes SHolA
FAA R ot 17} ZE2nhlo] QY ABA 2 F8 JHEA
AAFSHCHRosier 5, 2020).
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Table 1. Reducing abilities on ferric to ferrous ion by different LAB

789

Cell counts

Levels of ferrous ion (uM) formed by LAB"

(Log CFU/mL) L. kimchicus L. lactis L. casei L. plantarum LGG Leu. mesenteroides
7.1 116.12+21.27% 0.25+0.02¢ 0.13+0.03¢ 0.66+0.05° 0.67+0.72¢ 0.15+0.07¢
7.4 218.90:+20.49° 0.28+0.01¢ 0.40+0.05* 0.610.09¢ 0.38+0.44¢ 0.47+0.02¢
7.7 522.34458.34° 0.34+0.07 0.93+0.05 1.24+0.14¢ 0.63+0.39 0.700.10*

YEach bacterium was grown in 5% (v/v) MRS containing 100 pg/mL of ferric sulfate, and the formation of ferrous ion by different populations

of 6 LAB was analyzed at 24 h.

YEach value represents the mean=SD (n=3). Different letters indicate a significant difference (p<0.05) based on one way ANOVA and the Tukey’s

HSD.

s+ (A)

Fe(II) level (uM)

L. lactis L. casei

600 - ——L. kimchicus

(B)

400

200

Fe(II) level (uM)
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o

48
Incubation time (h)

12 24 36 60

L. plantarum

Fe(IT) level (nM)

02 04 m8 m24 m48 m72h

def abed

a

LGG Leu. mesenteroides

C sk .
60 ©) [
40
20

N.D.

0 N st B

Media only Autoclaved cell Viable cell

Fig. 3. Reducing abilities on ferric to ferrous ion by different LAB. Each bacterium (7.7 log CFU/mL) was grown in 5% (v/v) MRS
containing 100 pg/mL of ferric sulfate, and time-dependent changes of ferrous ion level in culture broth of 5 LAB (A) or L. kimchicus (B) were
analyzed during 72 h. Ferrous ion levels produced by viable and autoclaved L. kimchicus were also compared after 24 h incubation (C). Each
value represents the mean+SD (n=3). Different letters indicate a significant difference (p<0.05) based on one way ANOVA and the Tukey’s
HSD. ** indicates a significant difference (p<0.01) based on Student’s t-test (in C).

SotAo 2lst & ol shEM

o= A 2 Ao ARH FARFES] H o]
gk B 548 Frteldnh ol& $18t 5% MRS broth (v/v)
2 249 7 7] AR ferric sulfateS H71SI2L ferric ion

[Fe(]el gl <&l ferrous ion [Fe(I]2-2 #UE F ferrozine
I Jk-g-3ted A== Fe(ll)ferrozine B3| 9] WHAIEE FA5)
Atk ¢4 7.1, 749 7.7 log CFUMLS] M2 T2 2 Y
SE fak BiFd oA 244 7F FOF ferric ionS ZHE FE
ferrous iond FFE 759 Sl uet oE=FHoE ZUEIITH
(Table 1). 2LV} L. kimchicusg A s 559 FAktE0] 244
7F Bk giFEE 1 pM ©]ke] ferrous iong AYAISH WHAE) L

kz’mchicusel HjFHo A= TR ol Hls) T2 420-15008] o]
£ 116- 522uM F<=9] ferrous ion®] 7AZEE O] nitrated]] T3k €
°J GP 34 /\g.»} AR S HATKTable 1). L. kimchicuss
ALgt 550 fFAkte] vl F AE ferrous iond] G
WSS 72A7F Bt #ES A, A7k 7%}01] S our:a
7b e AT UEREA] eiskom, TR 244]7F ofuie 3
pM olate] HAL FEe] EEsial O]—roﬂ ashes FEE
RYTHFig. 3A). L. kimchicus®] ferrous ion A7dell thst Aj7Hd
Halo| M= 24417F o]llol] 4351 F7lsitrl, 2 olFolle A
Exo 7 7hA4sle] 72A7F viSAlNlE ferrous ione] 7] EA)E}
= Fo 2 FAEAKFig. 3B). 1= L. kimchicuss

T
R= 27 F
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S y ng
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=
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cht L. 1o L. cd L plama e ent
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Fig. 4. Radical scavenging activities of LAB bacterial lysates and intact LAB. Scavenging activities of LAB lysates against ABTS (A) and
DPPH (B) radicals were analyzed. ABTS radical scavenging activity of intact LAB was also analyzed (C). Each value represents the mean+SD
(n=3). Different letters indicate a significant difference (»<0.05) based on one way ANOVA and the Tukey’s HSD test.

VLS ST A, oA ARl s A7 sdedol yet
stoud Aol @Adell vla) ties] weksl em(Fig. 30), whet
Al E ol ek S8 nitrate AT RV R A
o 9% tiArdAdel] <3 Zloz deter)

oA SsiEn NSl MSHEX|EY WL

| 2 HASIRHE 9 Fol2o] uigh 3y Aol A
o] 7 E LS o|ox #Ao ETE YA 3k
ol oM vebd ¢ A& AeZ Ao, IEHF A
slod A|x3 FA Ll E(lysate)}t A AHAO] 23 ABTS 2
DPPHEITZ &A%E H7Fslth(Fig. 4). ABTSEt]Zol djgt
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’d& YERIThFig. 4A). DPPHEFZ st B FE99 2t
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8] v 28-S vElen, 125 pg/mLe] TlEo sjdsle o
A SMNES MRS o Hd 20% Hve] 2AGES BA

o 7HE =2 48 Yehd L ocasei®t L plantarum®] ZYZ:
1849k 18.0%°] 2AZAEE Uetllem, L kimchicus= 23]#
78% AABFOR 11.3-11.8%2] 8L 2= L lactis, LGG
Leu. mesenteroides®t EAZ L2 F2x} flo] 71 2o A4S
BITHFig. 4B). L3 o] virpel] o3 G oA 71
2ol o8] E4EA 2 A FAZE] U Y¢S H
7Ye7) Q8 A AAE AH ABTSHUZ A S Ao
HA7rste 48 ST 1 A, A dERF Ee
2 aad A Fo #A FE2E Hl&) 559 #4571 6-13
vl S48 IC, #e Ho™, 3] Lew mesenteroides= 41.54)
=2 IC,#S Yello] EF AEg #A FEHROgE A3
wo ABTSEITIZ &AEAES B th(Fig. 40).
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Olgoﬂ ek FPEd-s BAET AME 652 ik 5 S
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