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Abstract

Maca roots (Lepidium meyenii) are an important medicinal herb that have long been used by the Andes-indigenous peoples and
South Americans. In Korea, recently, it has attracted attention as a health food material because of nutritional values and physiological
activities. The purpose of this study was to investigate the industrial applicability of maca (red and golden varieties; R&G) as
immunostimulating materials. In the macrophage stimulating assay using RAW 264.7 cells at 125~500 png/mL of non-cytotoxicity
doses, G-HW showed the most potent production of TNF-a, IL-6 and nitric oxide compared to red maca or the other extracts. The
general component analysis results showed that all extracts comprised more than 90% neutral sugars with small amounts of uronic
acid and protein. Meanwhile, component sugar analysis showed the difference in the content of uronic acids of cold- and hot-water
extract. Additionally, the further fractionation of G-HW into crude polysaccharide (G-CP) greatly enhanced the macrophage stimulating
activity, and G-CP contained macromolecules over 144 kDa, comprised mainly of glucose and galacturonic acid (51.0 and 34.9%).
In conclusion, crude polysaccharide from maca showed industrial applicability as immunostimulating material, and especially golden
maca showed higher macrophage stimulating activity than red maca.
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Wk B35 3 Itk (Gonzales 5 2009; Celement 5 2010).
S 4,000 m o439l QHE AL A2 Sh= Tt T oA = B F2] Ql4k(Peruvian ginseng) o2t E]=

M OE

(Lepidium meyenii, maca)y= AJA}SH=-(Brassicales) Hj3=} HFEHIZETRE A 9T, 7|54 AAEA FAL T Qo
(Brassicaceae) TFE 0] x(Lepidium)© &5 41E9] dE0| H FT I LF oA AuljE= A2 B ET 9t
ThBalick & Lee 2002). U}7}= 1A tho] Hutst ghAgo) 4] = (Lee & Chang 2018). A& FEIHA oA &= A EUEAME
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AR 2% kA= o 8E%rileon 5 2011). AE]Y  Slo] B Fem A} e € A Sov s

[e]

of W2t ol Foz FRHI Jlow Ay met H=, & Aoz &#A 9lth(Ochoa C 2001).
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ZZ& 5 (cold-water extract; CW) L HE FEE(hot-water
extract; HW)yS ZA|SFAE. E3h 84 FE2E2 A% 7
T H7koto] &5 ESAIZ|aL sEi(viv)e] = 7Rt
T 204 FE5| wrtstal Y4lET st JAES 3
St FReo] Agaliste] YA aoA FAMWCO 12~14
kDa, Spectra/Por, Spectrum Lab. Inc., Rancho Dominguez, CA,
USA)= 39U7F 23%t & 55 9 527%sk] 2ohd(crude
polysaccharide; CP)0.2 35}t

2. CHAIM|I == &M

SH2A| 525 (Korean Cell Line Bank, Seoul, Korea)of A]
U vRe-A FE HAAEZFRD RAW 264.7 A= 10%
fatal bovine serum(Gibco, Waltham, Massachusetts, USA) 2
1% penicillin-streptomycin(GenDEPOT, Katy, TX, USA)°] %
7} Dulbecco’s Modified Eagle Medium(DMEM; Hyclone, San
Angelo, TX, USA) i |0 A vjeFslAA 37T, 5% CO, 7
9] ¥ %¥7](Sanyo, Gunma, Japan)°]| 4] 70~80% confluence =]
= o Ahuiefsto] o]-&stith tHAA 2 B/dS B7sH|
93] WA, BTt RAW 264.7 NI ZFE 1x10° cellymLE F
A3t F 96 well plateo]] 200 LA BF35}o] vjok7]of A <F
80% confluent & W7}A] HjFoto] MRS FFAZ] T viF
AERS A ASH FBS7F ¢35 A 9L serum-free DMEM
180 pLo} At == 3|45 Al& 20 uLE H71oto] 244
2 5k AT, e vl AEoAS Sistol o]
M|3E E/JAA}C1 tumor necrosis factor-alpha(TNF-q; Invitrogen,
Carlsbad, CA, USA) 9 interleukin-6(IL-6; BD Biosciences, San
Diego, CA, USA)2} SHA| AFSH2 Ax(nitric oxide, NO)E- enzyme-
linked immunosorbent assay(ELISA) 2 griess assay(Tursun 5
2016)2 =45t & Z}Z+9] reference
nitrate(NaNOy) 2  HF3A-S 2HJ 510
3l

T

standard Z sodium
g AAterd
Alg9 MxE =AL 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide(MTT; Invitrogen, Eugene, OR,
USA)HO 2 550 nmQ] & =of|A EeHA pigmentE DMSO
of &3fisto] SAstALH Alg FA2Eol Tt AlZZE
S(cell viability, %)= EFY ST

AR s e SA, A4,
Z ZJ 5= =2 phenol-sulfuric acidt (Dubois
956), m-hydroxybiphenyl¥ (Blumenkrantz & Asboe-Hansen
1973), Bradford®H (Bradford 1976) & Folin-Ciocalteu assay(Shin
T 2021)E ©o]&sto] B4l o, REEE R galactose
(Gal), galacturonic acid(GalA), bovine serum albumin(BSA) %!
gallic acid(GA)E ©|-&5}9] Z+Z} mg Gal/lg A=, mg GalA/g
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A&, mg BSA/g A& % mg GA/gE AFESEo] B E-8(w/w,
%)= e AT

4. 74 =4

Al79] FATG XL Honda 5(1989)2] HI'HH-E o]8-3}o]
BA5IH T A|F0] 2 M trifluoroacetic acid(TFA)Z 9057+ A
g sto] A 7R3 A1X1 T NaOH2} PMP(1-phenyl-3-methyl-
S pyravoline) 71810} PP SEAZ MBI, F-PMP
FEA= NaOHE}F 5%t 5= 2] HOZ F3lsto] &4s| 1
A & 23 SEREZFQYS S9A) 28es &5
3]4=5}a1 PVDF membrane filter(0.45 pm, Jaema Trade Inc.,
Gwangwon-do, Korea)2 o]1}5}0] Table 13} 2 A0 =
B 43199k Glucosamine(GleNyS: WHHZEZ(IS, internal
standard)& ©|-&5}H 0™, AT peak area?} response
factorZ F-E] mole%Z AHAFsl AT

5 EX &3

Alg9 BEXFE &9lst7] 8 gel permeation chro-
matography(GPC)E ©]-8&-5t% o A3t sL& 3|45ty
PVDF membrane filter2 o]3}§t & Table 13} & ZXAOC R
EA45HAH. HE71Q0 ELSDO] 2= 50T, F49 4
3.3 bar® AA5I 0o, FEEARE EXFH dextran(American
Polymer Standard; Mentor, OH, USA)& ©o]&3}o] &4
retention timeS E3f A|59] BA}gkH(kDayS A4S

6. SHXzZI

HE AP 39 §EESte] BAstelon At Hd+i
ZH X} (standard deviation, SD)Z eIt AN =
o] BA AL SPSS BA| & 13 (Statistical Package for

the Social Science, Ver. 25.0, SPSS Inc., Chicago, IL, USA)&
0] 83t Student’s rtest2 AHAFSIo] 2+ p<0.05, p<0.01 9
p<0.001 oA 20 F9/4dS AR5t o, 74
RS o1 B7HE 915 BAAANOVAIS AAT &
ZAZk7H9] 791432 Duncan's multiple range test® p<0.05
Zol4 A

TN

2t g
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1. 0Pt E8Y F£8 ZH Y =Cl=9| 28

Kwon 5(2009) w7te] &4 &5 XA Al &1
£ 80| gds] gEA U WeE(214%) E ofg
(16.8%) 20| Hlgl| & FEL2 46%= 7P 53 =88
et = 02 Bastqtt. tetA] 2 AfoME & &
ol I A H 84 1efoto] B FEETE AR
% o]50] tist A x FAES ESAste] HYSA 7|54
A EFUEZAY &8 7S BrlotaA} skt 259] ot
7HEE 9 ZE npPHERE SHFE oot YeEE
R-CW ¥ G-CW) ¥ E+FEER-HW 2 GHWZ 2A|g
&S vt 43 E vt A deFEEHW,
39.9%)°] YHFEE(CW; 33.8%)ETt w2 Fa= YEUSL
O ZE url9] AHLo= CW(37.6%)2F HW(37.7%)2] &
o] A9l ARt 202 FRIE G tH(Table 2). 53] H = ot
719] @5 FEE0| Y FEEN ZE WPHEY 2 &
S UetioH, o] = AdH o2 {83 A0 R ARt
H, A9E4 G-HWE o|-&oto] ofetE Ao s =t
IS 2A5tAL W G-CP= Y= thH] 1.4%2] $&<
EFATH(Table 3).
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Table 1. Analytical condition of HPLC applied for determining the sugar composition and molecular weight of maca

Analysis Sugar composition Molecular weight
Instrument Agilent HPLC 1120 series
(Agilent Technologies, Inc., Palo Alto, CA, USA)
Evaporative light scattering detector
Detector UV detector at 254 nm (Agilent 1200; Agilent Technologies)
. Superdex 200 Increase 10/300 GL
YMC-Triart C18
| x1 . ; GE Health Bio-Sci AB
Column (250%4.6 mm, 5 pm; YMC Co., Ltd., Kyoto, Japan) (300100 mm, 8.6 um; GE Healthcare Bio-Science ’
Uppsala, Sweden)
Column temperature 30C Room temperature (RT)
Flow rate 1 mL/min 1.1 mL/min
Eluent 0.1 M sodium phosphate buffer (pH 6.7): Deionized water

acetonitrile (82:18)

Injection volume 20 pL

10 pL
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Table 2. Yields and chemical properties of various water
extracts from red and golden maca

o - 93 SFAEIUIBA

Table 3. Chemical property of crude polysaccharide from
hot-water extract of golden maca

Red maca Golden Maca G-CP
Sample —

R-CW R-HW G-CW G-HW Yield 1.4
Yield (%)" 33.8 39.9 37.6 37.7 Neutral sugar (%) 69.9£2.42
Neutral sugar (%) 94.3+6.4 934425  94.8+4.1° 92.6+3.1° Uronic acid (%) 22.9+1.0°
Uronic acid (%)  24+02° 3.8+0.1° 2300 5.0£0.1° Protein (%) 6.0+0.3°
Protein (%) 04+0.0°  0.5+0.0°  0.4+0.0°  0.6£0.0° Polyphenol (%) 1.240.1¢
Polyphenol (%)  2.9+0.1° 23401  25+0.1° 1.8+0.1° Sugar composition (mol%)
Sugar composition (mol%) Mannose 0.8
Mannose 0.9 0.8 0.7 0.6 Rhamnose 1.1
Rhamnose 0.1 0.2 0.1 0.2 Glucuronic acid -
Glucuronic acid - - - - Galacturonic acid 349
Galacturonic acid - 5.0 - 9.4 Glucose 51.0
Glucose 96.4 90.5 97.0 86.4 Galactose 32
Galactose 0.8 0.8 0.7 0.7 Xylose 0.3
Xylose - - - - Arabinose 8.8
Arabinose 1.8 2.7 1.5 2.6 Fucose -
Fucose - - - - After G-CP was prepared into PMP-sugar derivative, the sugar

After maca extracts were prepared into PMP-sugar derivative, the

sugar composition was calculated as a mole % by comparison with

the peak of the standards.

Y Yield (%) was calculated against the dried maca.

? The difference in the superscript letter of the content value means
a significant difference at p<0.05.

2. 0P E3Y FE29| HAMZ X=FEM Hlm

£ Aol = vhA 3 HAAZQ] RAW 26475 ©]
8oto] AN E A=E49E H7eFTh WA, Fig. 1A0] U
B v} Zo] RAW 264.7 A|2zo]] Tt A|&2] =/d0] §l=
= S RIS AT, FEE 45 EF 125~500 pg/mL
S QoA A7 F-A 2] (negative control; NC) TH] 80%
o]Ato] AlE Q&L Hth Lopez-Garcia 5(2014)9] A
of W2H Alm Ao wtet Al EE0] 80% o=
SRIEH =/do] UEhA| b=t wdstr] fiiEe] 2%
72 RE 2A9 B FEE2 54°] gl 125~500 ng/mL
9] F& oA tHAAE &3t WA AARI TNF-a2t
IL-69] Alo]E 7113} AFSHA Ax(nitric oxide) A5 O 2 T4
Al &4 B7toict HEAQ] tAAZ S5} Aol E
711 ZF oFQl TNF-a9] Ao A= R-CWE ALt o
FEE2 25037} 500 pg/mL oA NC 2 thH]| 5Ik-
olE£H 02 {oIgt TNF-a AAHE/3-S &1t thFig. 1B).
£35] ZE 1] CWEF HW= 125~500 pg/mLe] 5k H 9
oAl NC th& tv] 22+ 0.7~3.4 ng/mL(3.8~17.48))} 1.7~
2.8 ng/mL(8.8~14.28)2] 4 FH EIE UERo] Tk

1o

composition was calculated as a mole % by comparison with the

peak of the standards.

Y Yield (%) was calculated against the dried maca.

2 The difference in the superscript letter of the content value means
a significant difference at p<0.05.

M= GHWZL Askode GCW7F tha &2 842
Hloh LPS 272 1 pg/ml FEoA NC tiz2 tiH]
26.941(5.3 ng/mL)9] BARS U= Ao SRIE et gk
H, & ohE tfAA 2 S35t B Al EFRIRI IL-69] A3}
+ Fig. 1Co] YERA=H], TNF-a9] F4ibs ZAaet g A
FEA e FEE0| W IL-6 AARE H 31 500 pg/mL
E=LoAE ZE ullgto] 3.5 ng/mL(CW, 5882t 6.5
ng/mL(HW, 10.78])2] §-2J3t A4t SX BIHE UEpdo] 7t
A 5kt LPS 22 1 ng/mLe] 5 =0) 4 NC B
I o] 71.5490(43.1 ng/mL)2] IL-6 AJAHS LFERY Qict. 1A
40 2, NO A4k Fig. 1D HEFH =Tl R-CWE A <5t

£ FEE2 BE 5L U SAFLE KT A4t
FX a7t ERIE Rl on, £35] G-HW+= 125~500 pg/mLo]
=5 HOJoA 36.9-61.1 uM(10.8~17.98})2] HE-o]&& 0
2 7P 5 ik 531 /9ol YERAL 500 pg/mL 1L
FEoA= LPS 22 NO BAFH-E Uit BHHoj
R-HWE G-CW&= 22 5k R9olA NC tix diH]
6.2~44.8 IM(1.8~13.280)3} 25.1~30.1 1M(7.4~8.88})2] BAFS
et ot ©ehA RAW 264.7 AN ZFERE A5}
QIZ}Q1 TNF-q, IL-6 ¥ NO2| BAEATE SN EH, &

rrt
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Fig. 1. Macrophage stimulating activity of water extract from red (R) or golden (G) maca. Macrophage stimulating activity
evaluates RAW 264.7 cell line as macrophage stimulating related factors produced after cultivating 24 hr with each extract.
(A): RAW 264.7 cell toxicity, (B)~(D): production of TNF-a, IL-6 and nitric oxide (NO). Results are expressed as mean+S.D.
of three independent test in triplicate. Different asterisks on the column indicate significant difference between negative control

sk

(NC) and each group by Student’s t-test. 'p<0.05, ~p<0.01, ""p<0.001. NC; only medium was used as negative control, LPS
(lipopolysaccharide, 1 pg/mL); positive control, CW or HW; cold-water extract or hot-water extract.

WP} S st Satgon QanaRol Yate  ARd B4 44T Bud 9 BoE 9ES 2NT
BHT Ohh %O QAR AIBHES Gtk Wang 2k AlS bt 2380 A9o| FHTFRCW: 94.3% 1
50160 "t & 58 49 FAE 368 kDa H7]9 R-HW; 93.4%)°] 7} =2 oS Hon A (R-CW;
rhamnose, arabinose @ glucose® AT TEX} thg g Ho] 2.4% % R-HW; 3.8%), ‘:]"ﬂi A(R-CW; 0.4% ZH R-HW; 0.5%)
A EREE L1, TNF-a 9 NO A4S Br-ojzgo g ilﬂuﬂ—"‘—(R CW; 2.9% 2 R-HW; 23%)2 4% 3H-5|o]
2 S7H7E AR BAlstl o, Li 5(2017)2] AHofA YL Ao UEhdtH(Table 2). 3HH, TE P} 22EE €
58 kDa—J galactose® F& FHH HFFH7T 5L A ZF0A Tt FEEY FARE e B, S4FG-CW;
Stro] SelElo] B A7 ANG AT AL UEhl  948% 5 GHW: 92.6%)0] 71 5L S Heom, 44

= ﬁgi SRI= ATt g, & AFoA= HAAE A= FHG-CW; 23% E G-HW; 5.0%), Q'HHX](G CW; 0.4% 4
S =ol7] flste] o] S519d E& vt EaF G-HW; 0.6%) 2 EH=(G-CW; 2.5% D G-HW; 1.8%) £
SE(G-HWERY 203 i3 EEsto] 184 b+ T E A o=® YEHtH(Table 2). 2=, 452 28 &

7} A E EAof vX = JFS AESHAH T 3490] 92.694.8%% 7 =2 TFE HoH, A
o 2.3~5.0%, TR 0.4~0.6% L Z2T T 1.82.9%Z AT

3. 07} E8Y FE20| FHME Y FME Sk Aoz Yehgth LA E 4oz AR B4
2%9) nppt2 BE A2xH 459 & FEE &E 74 ! O B g g] 1EAELE Fstglong
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A 848 ARGt Ue drrgEe) AT &
L A FYON T Holg Hol, RCW H G-CW
glucose7} 96.4~97.0%2] S YERNHEA] galacturonic acid7}
ERIEA] 2 7, A4FEE(R-HW U G-HW)2 glucose”}
86.4~90.5%% FAE|HA] galacturonic acid”} 5.0~9.4%2 $H&-
H T8Y BE2E RIS 4 AUt Wang 5(2016) E Li 5
(2017)9] AFol| A mi7te] AR &/ thdF+ rhamnose,
arabinose, galactose @ glucose 5 SAFS F=2 Egol= 4
o7 BIE glow, 2 AofA glucoseE 85% O T
She AL Uit AR ARee Shelg 4+ Ash W,
A 2= ZAo] S ARQl GHWE ThE FEE0
H] 5l A2l galacturonic acid7} =7 - AIE 53l
galacturonic acid®] 57171 tAA| 2 A=2/d0 FF= 1A
£ Aoz U

H X
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2% uppt B 228 T WANRE AFE40] 7MY S5t
9 ZE 1t @4FEES FYAAS 2oHG-CP)

25t AFFEE(G-HW)HY] HAAZ E4S vl
St AE e A E844T 2otd R0 R
F7HEE S 1eote] AeFEE SHBMETE AsE |
9191 1~100 pg/mL9] BT ojA NEZA BrKFig 24)2 &
Poto] Al JYEE0] 80% o] A RIS T AN
AL RAW 264.7 dJAA|ZZZ2E TNF-q, IL-6 U
NO9| Bits oz BF7IstAtt. |A, TNF-a9] J4ts2 Fig.
2Bo] YEFH Q=T LPS ti2<20] 1 ng/mL =4 NC o
Z Hu] 77.480(19.7 ng/mL)2] AJAHS LFERH WHA G-CPE
1~100 pg/mL9] & oA 0.8~13.4 ng/mL(3.0~52.84)2]
Fr-oEHog (o3t TNF-ao] A4t avts Ueho]
G-HWS] 0.3~2.7 ng/mL(1.2~10.78))Ec} TNF-a2] AJ4to] =

B
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Fig. 2. Macrophage stimulating activity of crude polysaccharide from hot-water extract of golden (G) maca. Macrophage
stimulating activity evaluates RAW 264.7 cell line as macrophage stimulating related factors produced after cultivating 24
hr with crude polysaccharide (G-CP). (A): RAW 264.7 cell-toxicity, (B)~(D): production of TNF-a, IL-6 and nitric oxide
(NO). Results are expressed as mean=S.D. of three independent test in triplicate. Different asterisks on the column indicate

significant difference between negative control (NC) and each group by Student’s t-test. ‘p<0.05, ~"p<0.01,

sk

p<0.001. NC;

only medium was used as negative control, LPS (lipopolysaccharide, 1 pg/mL); positive control, HW; hot-water extract, G-CP;

crude polysaccharide from HW.



Vol. 35, No. 1(2022)

O & FOIRt AL UERA] @hStaL, LPS TR 1 ng/ml
E oA NC &2 tiH] 30.98(25.7 ngmL)2] JAHS H Y
o} upxet e 2 NO9| AJAHAF= Fig. 2Dof| e =],
LPS 0] 1 ng/ml FEoA AlE FA 2 tiH] 23.14]
(59.8 uM)2] -]t A4S H 31 G-CP= 1~100 pg/mL9] -5
T oA 19.6~53.3 IM(7.5-20.64)2] B E-2]EZ Q] 9-9]
e A S a9E YERLL, 5] 100 pg/ml 5=o4 =
LPS A2t FARE A4t S 237t ERI= At G-HW
E3F 10~100 pgmLe] % HoA] 3.7-42.5 pM(1.4~16.4
o] FAA R Fogt A At Yo G-CPETH
L ko i gals Btk AExog 22E = A4
Z AFE/g0] £43Y EE Y deFEE(GHWE
FH 289 209 SR(G-CP tAAE A=2/o] ¢
et A0 ' Yy "AEd A7 5AE AAEAY &
£o] 7153 Ao 2 AR E I Zha 5(2018) ul7lE HE
23t A gEo] et hAAE E4dS toll-like receptors
(TLRs) & mRNA $=Zof|4] B4I5}0] TNF-q, IL-18 & IL-67}
A A 2= T QIAIE Bt ong B I oA
T S A5o] ek thAAIE W mRNA 2 &g HAS
B3 B7HE APstaA gt

5. ZCIE Sizo] TAME U TG
AA I A=/ o] 5t iE &= v £
o] e AT Ay, 490 69.9%=2 7HY =
TS Uil 1Hd5(22.9%), SHE(6.0%) B E2] )
E(12%)% SRl FeFEEiyg AtdeR 2uy g
B9 AT TR 7H4(92.669.9%) % 1L, AFITH(5.0—>
22.9%)3 T (0.6-6.0%) FF S7H AL Rloktt
(Table 3). ERL, AT EA M= GCP= 8 F4HFoE
glucose(51.0%)2}  galacturonic acid(34.9%)E 2915} 0,
arabinose(8.8%), galactose(3.2%) X rhamnose(1.1%)7} A%F §F
f=o] = ¥ glucuronic acid @ fucose= AEF A U=
Ao ettt metd @4raRe] o Z4otAd &
ggo] FHA 9@ F402 AAH Aof 71Q15t= glucose
(86.4%—51.0%)] dATE ZALL o|o] WE  galacturonic
acid(9.4%—349%)2] A0l Z7bo] T2 THkFT of
AA R A=2Ag0 FolsHA HHEo] e Aor A5t
Aot Li 5(2018)2 Sephacryl S-100 HRO. 2 E2|3t nl7} o
FHY FAPo] galacturonic acid(35.1%), glucose(30.0%),
arabinose(17.0%)2} mannose(13.0%) ¥ galactose@} thamnose”}
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6. XCiZ gixol EXIZ 5H

Kim 5-(2009)9] Ito] 2, FHIHCE £
% gue QudoR ned 2w A
GeRE FeiA slol, ARsl FAREC] B
517] 93} gel permeation chromatography(GPC)E ©]-8-35}
A APsiith BEEE R dextran 0]-8-510] standard
curveZ ZAJ5F1S W correlation coefficient= R’=0.9938%
LFERE o™, A& 9] retention times ©]-8-5H0] EAS €2l
Sklth. G-HWe] EAleF E2Z= Fig. 3A°] UEiGl=],
8.615-1} 18.385-9] retention time 2 ZFE 4 kDa o]} & 102
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Fig. 3. HPLC chromatogram of molecular weight
distribution of (A) G-HW, and (B) G-CP fractionated from
golden (G) maca. Hot-water extract (HW) and crude
polysaccharide (CP) were applied to the HPLC-ELSD
system at dose of 10 mg/mL.
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HO] G-CPx= 7.588-9] Tt retention timeC. = 144 kDa ©]A}t
VARG BEE Bk o, SR 24204 I
=22 (GHW)S 4 KD 0]2be] A2 B2 pear} A2
o} 4 zoj YRoME BEA e Az, o
GrEEod faY BE S2TY +R0E EAE AR
A 870] FHUA 9 £HE B9 2ok GRolA= A
0.2 144 kDa olge] TRA FF E TuTPR]
A2 o2 24 & UL Jag SQI6L 7} B
FE=9 2g=0] digt diAARZ 84 AFolA o=z &
2] 30 kDa o]F9] A FE0] AZA BYEHT of
AR AFLR0] 95T AR Bisol, EA 2l
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