Hans Journal of Food and Nutrition Science & 58 38R} %, 2023, 12(2), 142-151 Hans )0
Published Online May 2023 in Hans. https://www.hanspub.org/journal/hjfns
https://doi.org/10.12677/hjfns.2023.122018

—HREAeRAENTBEESHESH

HFXW, £ OB, KAL, BEX, HRFT
SRR R A R S R, IR R
PSR TT P A B e AR TR A e S A S, IR A

Wk H . 20234F4H 200 FAHER: 20234F5H22H; &4 A H: 20234F5H30H

HE

Ml B2 7 L BA R — A A RLREH B RRedF, B Z R EAMER AL AL S5 42
BEEHRAREAERE. SETHEHELSERWER L LRTEERR. KEETERKRAR
W A503 nm. DUERCIHEFRENZEA, HN0.3%RFRELERMN, LORTERKR; BHFHRE
PESLIr R Y, A OFMERK20C~60CHMATRAE; KIKE(0.002 g/L) EERERMN 4L ¢ F A IRBH
BRI AERESH0 M TR TR FENaCIZLEgme, SARNBEETR. 2678
BB EAR. WHREMDRNECRDEHRBE100SMAhEREEY. HASREAMEDIER
RIWHTTRA RS E,

X 5in
LRAE, ABR, ZARFFISE, BEEERE

Identification of a Red Pigment-Producing
Filamentous Fungus and Characterization
of Its Pigments

Gefan Pan}, Ying Feng?, Yuehua Xul, Siyan Peng?, Aiqing Xu12*

!School of Life and Health Science, Hunan University of Science and Technology, Xiangtan Hunan
2Ecological Remediation and Safe Utilization of Heavy Metal-Polluted Soils, College of Hunan Province,
Xiangtan Hunan

Received: Apr. 20", 2023; accepted: May 22", 2023; published: May 30", 2023

Abstract

A red pigment producing fungal strain RedF was isolated from pomelo peel. The strain was identi-
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fied to Talaromyces atroroseus depending on the morphology property indexes and genome mul-
tilocus sequence typing method. The effects of cadmium ion on the colony morphogenesis were
reversible in heredity. The maximum absorption wavelength of crude red pigment extraction so-
lution is 503 nm. The production of the red pigment reaches maximum capacity under 0.3% of
CMC-Na added to the Czapek-Dox Medium solution. The results of chemical and physical stability
experiments shows that the crude red pigment extraction solution is relatively stable under tem-
perate range from 20°C to 60°C, the 0.002 g/L of sodium sulphite has hyperchromic effect on the
crude red pigment extraction solution, the stability declines when hydrogen peroxide added into
the crude red pigment extraction solution, and the stability declines when the salinity content of
NaCl increases. The dyeing effect of crude red pigment solution on the protein and starch food
materials was equivalent to that of the monascus pigment solution diluted by 100 times. The re-
search result could provide reference to the development of microbial red pigment resources.
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1. 518

WA G R IR R, R&FER ORI M AEYNETE . A VAR P8 A U1
—UERREREGIUE . PO, A, PR, BRIESAEYEYE, RN EASER. mietn
FEYE[L] [2]. At m At @ kAR RS, HAME KB - HEEESE—— &R
(Citrinin), HAG JFFUE 25 1 A0 250 s 7 A — b g i Ol A 28 b 8 i) e IR [ 0 24 1) — — w0 R,
(Mevinolin), X6 Z AT AT i (0 R AE KPR N H H 32 3] 7GR IR BI[3]. 2 REEEM IR, H= 0
R RE AR B A WZ IR M A . R, [E N AME FARIE 7 AL 0 3R ) B A 14T i 7§ (Monascus
sanguineus) [4]. 7=% % % (Penicillium purpurogenum). %/ ¥ & (Penicillium oxalicum). %8¢ 21 fill b4
(Monascus purpureus). 8143 k& 14 71 1% (Fusarium sporotrichioides). i {lll & s % B (Ophiocordyceps un-
ilateralis). % %% (Aspergillus niger) [3] [5]. % WK & (Talaromyces purpurogenum) [6]. XU TR &
(Talaromyces albobiverticillius) [7] [8]. MEHIR TR EE (Talaromyces atroroseus) [9]. §% F& #H & (Aspergillus
sydowii) [1]H1— 7l g Bl R A 73 B8 1) b 22 25 (Geomyces sp.) [10].

AT B AR AT 4 R B b e R S AR, 2 S Al B — kKIS TR AR AR, X
WARIEAT TR F MG T AEMFRE S, AOREBGEHKNE, aFMRRMRE. otk RIT
WHFT, AN C 3 BT R R R SR SR 2 A4 A e B i

2. MR55%E
2.1. MRE{EE

BRI P23 B SRR S TR R B A 1

BRI RM(CMC-Na, 5%, BERNERAML THRAR), Cd(NOs),4H,0 (AR, KTk}
ERRAEEAANA R AR, TTKOEE, WP, MEK, S, ahtiiR.

2 HE R KERCEEEST), BAERBX TS, LRERRG S, #e TES, NLTAE

3

DOI: 10.12677/hjfns.2023.122018 143 a5

I

b

i


https://doi.org/10.12677/hjfns.2023.122018
http://creativecommons.org/licenses/by/4.0/

AL 5%

B (R —E), AR OHLOT ), 6 BB (Olympus), 24T WG T
FEAYER B R 7 R AL AR RO ME— TR . IR IR IR R T [11], & 1.5%2 1 &
YER VB AREC T TP EERE, 121°C, KT 30 min.
LR B A M BUIR R 7R AL (PDA) . SR IR R FR 5L . DL R USRI 7R N Bt iy B 3R 4, #8044 75 Bic
#l[11], 121°C, K 30 min.

22. EWAE

221 EHRBISTBEERSERYR

AR 7 1 24 2K I T 2 0 B R [ AR, P B S B B R B A B2 SR i, TRCELAE T AR
28°CH IR 7d, KR LRI LR A RVE . SRV T R, 80 maith, 53—kt
ez B K LR KR R RedF.

BRI RRRL T B SR T = AR 2 PDA B FR3E-FAR L, 27°CREIR 7 d, BRERILSE R V& AR RHIE, W
ST W2 RIS E .

2.2.2. B FXEEHSERNFEI

PR RedF A1 TR F) Cd® &84 10 mg/L () PDA R 5535 Fh b, 27°CH3% 7d, WBLH VY
fEe W& FAEKMBEERRT, BT 58 PDA Bt ie PR, MEEAREER G EKETERHE.
F A BT R AR AR K AE S AR A AR P AR EIEVE IR/ P RIE . M MIRBTRE . LA R E
7 .

2.2.3. EMAEEEASNAFTSBEE

VB PR RedF #2M35 75 T PDA MRS 7R4:, 27 CHRG 9% 7 d, F2HL 10 ml £5773, 10000 rpm &0
10 min, WCARBE L ARTTIEMIAEfh, A9k B TAY TREGIRA T . WE rRNA ZEFRF ID X, p-fl
EEAFEFBT2). 5IHZRIELK (CaM)Fil RNA £ il 11 3 K (RBP2)&E 4 AMESF I A 1541 .

BTN E I 4 A 3143 7E GenBank it 4T BLAST 4823, #i 4l BLAST &5 A7 25 J Wr B ok b g 2%
%l. M GenBank 71 nucleotide %54 J (https://www.ncbi.nlm.nih.gov/nuccore) 148 2% T 4 5 %5 I (1 1t 7 1%
IR J& (Talaromyces) H Trachyspermi 21 119 18 /M A2 ik B (B B k) 1) 4 N3 R A 9 e Z (L6 1),
HEZE T Xt ITS ZEW T, @ KA@M YN 1ITS1(5-TCCGTAGGTGAACCTGCGG-3°)#
ITS4(5’-TCCTCCGCTTATTGATATGC-3"). HARFFIMER 1D XFHEA, W75 a8 R
[ 5140 1TS4 ¥ )5 A BAMR <7 751 (5°-GCATATCAATAAGCGGAGGA-3’), i 2:H It /7 5115 2 52 52 1)
ITS XFHHT Lt 701 . A GenBank $idf & rh Rk e 7 AN@wFiln T. aerius, T. diversus, T.
erythromellis, T. minioluteus, T. minnesotensis, T. purpureogenus #1 T. udagawae 3 Xl 7 51 [F) k¢ £, 55
ITS4 1 e 1o BAMARSE P, &R0 T e s #lbR a2,  DAORAIEF T Lo 2R R P 2 R 2 2 T B IR R Xk
TS X751,

HAEK 19 DEMREGE R RS 3 NI Talaromyces systylus A1) ) 54N 36 BRI 5 R B 41
ClustalW 1.83 #2747 2 7 5 LU AR BUEEK P 41 DU b SE e I, B d — AN AR 4 AN IR
B 5 A IE RS (R A BE, B ITS-BT2-CaM-RPB2, HK oy 3281 “#4F. LAt PAUP v4.0010 ¥4
HIEEKM) 19 N2 R A FE 7 H1AE i 8140 R 90K B W™ K —E0 (Strict consensus tree), H Z8H
(Bootstrap Value) ¥ 5 1000 ¥k, LA #k Talaromyces purpurogenus CBS 122434 {E 4. F:F # 44 MrBayes
3.2.7 THEL—ER 43 S A UM JE B M 2R (Bayesian Posterior Probabilities). it LbEE RSk B W _EAE
MEEHR RedF 5 A AR RGIK B KRR, W I ERIIF 4 .
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Table 1. Reference strains for phylogenetic analysis and accession number of four genes of each strain in GenBank
# 1. R LB MANSEEAKEEMANEEE GenBank FHIHS

Fe5 R ITS BT2 CaM RPB2

1 T. atroroseus CBS 133442 KF114747 KF114789 KJ775418 KM023288
2 T. aerius CBS 140611 KU866647 KU866835 KU866731 KU866991
3 T. albisclerotius CBS 141839 MN864276 MN863345 MN863322 MN863334
4 T. albobiverticillius KJ775732 KJ775225 KJ885258 KM023310
5 T. assiutensis CBS 147.78 MH861122 KJ865720 KJ885260 KMO023305
6 T. austrocalifornicus CBS 644.95 JN899357 KJ865732 KJ885261 MN969147
7 T. brasiliensis URM 7618 MF278323 LT855560 LT855563 MN969198
8 T. convolutus CBS 100537 JN899330 KF114773 MN969316 JN121414
9 T. diversus CBS 320.48 JN899341 JX494304 KF741953 KM023285
10 T. erythromellis CBS 644.80 JN899383 HQ156945 KJ885270 KM023290
11 T. heiheensis HMAS 248789 KX447526 KX447525 KX447532 KX447529
12 T. minioluteus CBS 642.68 JN899346 MN969409 KJ885273 JF417443
13 T. minnesotensis LT558966 LT559083 LT795604 LT795605
14 T. solicolaCBS133445 KF114731 KF114776 LR535946 LR535948
15 T. systylus KP026917 KR233838 KR233837 ND

16 T. trachyspermus CBS 373.48 MH856401 AY753371 KJ885281 JF417432
17 T. ucrainicus JN899394 MK450915 KJ885282 KM023289
18 T. udagawae JN899350 KF114796 KX961260 MN969148
19 T. purpurogenus CBS 122434 JX315663 JX315640 JX315659 JX315701

2.2.4. AERERBEREKXBRYUE KHFHE

B IR RedF R 73R T8I 0.3% CMC-Na #1532 [RIR PR R: 773 7, 27 CHR% 5 7% 7 d, 10,000 rpm
B0 10 min, WESAGEE LG, W EERINTEKE(GERR Vi K OEE V, = 3:1), #E 30 min Yl
Hhgufume B AT 2RSS, B.0)5, BT 80°C AR IE R L B4 /13 B4 (A ZM R .
AR TSR, HATEA - AT R KA, e 40 6 R e RO K

2.25. 1&FErh CMC-Na MO B ESRAEMm
KPR RedF A T-2> Hl3:F1 5] CMC-Na &4 0.05%. 0.1%. 0.2%. 0.3%. 0.4%[¥EZ 1A Es
FEFA, 27°CHREIEFR 7d, ML R (BB IEAE A A0 5 55 Ab FERH B O IR FEE A

2.2.6. TERMBLUFRHFREY

R« BT AT A h R R X AL e 3 Aa e M IR ma 9] 23 it 8 SR B VR AT DL T 4
Y B A ZHAR S B E T 20°C . 40°C. 60°C . 80°C A1 100°C T ; AL+ Na,SO5 £ 5 A 0. 0.002 g/L -
0.02 g/L #1 0.05 g/L ML AR BCHl S HaO W EA 04 0.03%. 0.3%. 1.5%F1 3% ML A VAW T
il & NaCl ¥ %8 0. 3 g/L. 6g/L. 10 g/L F1 40 g/L ML RGN . 1R T EEHEE 30 min J5, 1F Ases
b 52 B AL BRI REAE, BRI &AL BE R AL e R R E .

22.7. EBR, THFEMERLE
BN 2= 85 77K Bikk 100 f5 20 dh t0 AR . 2R, S0 2E 40 mL A130 mL, JEmMER
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VWG PEE (Amax = 503 nM)FIEEAR : &I 4 g B8 TR H (VIR 8 £t 1 cm® IE 5 /M) T 40 mL 9 %
VR, 0.3 g FKVEM T 30 mL [ VAT T, 25°CIRIEEHE 05 h, £ 40 um MALIEBEIE IR, T
5 Gt 5 (0 ORI BE AR A B, #E(1) 15 g 0 D [12]. R Dy Y (Rl (5 200 0
{EWIIEME), D, MY a2 RO E (R 42 1E) -

D= %nom (1)

1

3. BZRE S
3.1 EHRHIESFEYE

# Pk RedF 7£ PDA Hi7pdk b IR, HREEILE LE LA RHIEES WA 1. WK ER 3om it 1
LEAIGE, RWRFRERIAR PG RGO LM T WERUGRLAT, %EIR; FEAH
Bl AL KV E B o AE B N LS T 22 R Gk, W] LS TR AR O A IR B RE D AR A 73k, IR
e, T IEE, BX. RERHES TR H R SRR F[13], YIP S E MmN HR K
T o

Figure 1. Colony morphology of the strain growing on PDA and microscopic morphology of the mycelia
1. PDA 4R EE KM EER S KRB LERMESE

3.2. METFNEELSERRME

Figure 2. Colony morphology of the strain growing on PDA containing 10 mg/L of cadmium ion
2. & 10 mg/L $BETH PDA FiR_EAEKIEERS
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itk RedF 7E 10 mg/L Cd**ff) PDA “FAR A K MEHE RS LK 2, 5K 1 WHEELSHE L2
fE4 CA*PDA AR b, B4 K#IRLE, WIKHAZ 1.5 cm, RilH s E o b iAol s, A%
BT EMat, WELEHAERLEAE, WENEE ML AERR, mAERHENERN. B AT
R L2 RN PR BN S 4R PDA SRR L, EE KRS SWME RS E 1 —FWIEFRE . R
B0 B R RedF (19 18 V& B2 G I A 18 b2 nT e i .

33. ERAESMNEFISBLE

75 E 73 3] rRNA ZEF ) 1D X BT2. CaM 1 RPB2 PUAMR T 5L [K (1 /7 41143 5 4 1061 nt. 510
nt. 746 nt A1 1139 nt. K PUANFERFE FIZAN 0 HI7E GenBank F133E47 BLAST #8072, 45 JL AL [R] $5 s Eo i
TR 18 (Talaromyces atroroseus) {1 — 58 B ik A e — [ 55 = R R (GO 7%) FI SR 1, T W20 45 5 45 I T Ak
RedF i BB TR T -

VAR ST R B R AR B & 05, I PAUP B4 B 77 2932 (Maximum Parsimony, MP) il MrBayes
B DL S HE T (Bayesian Inference, B)IJEE N R4k B W B A MIFE IG5, AR & {14 (MP) &
GiREW K 3. R RedF. #5858 (Talaromyces) " Trachyspermi 211 17 /SR LL K AMEERFE T.
purpurogenus 1) 4 BRI G IFFFIRM ARG K EN, BRFFNEK RedF 5 T. atroroseus RHEAER—X &,
Wi B SOl SR 2k o DR, % 58 F5 I T k RedF & — PR IG BUBRL IR 14 , /i 44 4 Talaromyces atroroseus RedF .

971 [ T. ucrainicus

100/1 T. assiutensis

86/1

T. trachyspermus

99/1 T. atroroseus

RedF

87/1

99/1 T. minioluteus

91/1
100/1 T. minnesotensis

T. udagawae

T. brasiliensis

43/0.99 T. albobiverticillius

69/0.86

93/1

T.heiheensis

65/1

T. erythromellis

100/1

T. solicola

100/1
86/1

T. aerius

100/1 T. austrocalifornicus

100/1

T. convolutus

T. albisclerotius

T. diversus

T. purpurogenus

e AR AR BAME E 4 L (ETH)F DU B R IR (/)5), BBk Talaromyces purpurogenus CBS
122434 {EHMEE

Figure 3. Maximum parsimonyphylo genetic tree constructed based on ITS-BT2-CaM-RBP2 gene loci sequences
3. &F ITS-BT2-CaM-RBP2 UERF I R & HFIMEN R EANRGLEH
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3.4. dEEHKWMBUEKTRE

X SR BT AN - AT e AR AT, B i KOG EE IR I #E 503 nm. Ji5 2156 14 X 503
nm AR I E £L G R IR O L LA (K 4)

4_405 HIHHIIIHI”H] TTTTTTTTTTITTITTTIT]TITT
M 5 A

||

| ¥

| /

i /
\
ke

3.000
%
. 2.000

1.000

|||I||IIl|||||||||I|||||I||I|||||||I|||11I

IIIIIIII]I|[IIIIIIIIIIIIIIIIIIlIIIIIIIIIlI

Ll

i=all

IlIIlIlIIlIIIIlIlI|[IlIlIHIIIIIIIIIIIIIII

-0.454
190.00 600.00 1100.00
nm.

Figure 4. Diagram of the crude extraction solution of the red pigment scaned under wavelength range 190 to 1100 nm
4. fIEEFIRRA 190~1100 nm KK HIFIHE

35. EFEA CMC-Na S ES R

ANEE CMC-Na 1597 5 10 6 2 I O L% 248 (ODsgs) ML IE| 5. 3577 VR I €646} HE 5 0 ' P A B
AN RERY, L8R KEFEFEPRIN CMC-Na & AN FFEE S @ ik & A w8, 24 CMC-Na
BN 0.3%R, AR Eim. WOLEER K.

0 0.050.1 02 03 0.4
CMC-Na&&/%

. MAEZEH, CMC-Na &8k N0, 0.05%, 0.1%, 0.2%, 0.3%#10.4%.

Figure 5. Diagram of the pigment solution under different concentration CMC-Na treatment and its absorption value
5. TERE CMC-Na 2038 /5 & RiARAE WS EE

3.6. TEENEAXEZEREEY

WBE . WL XWE /K. FALENT A X e MR K L 6~9, [ 6 B 4B R TE 20~60°C 4%
N EBREE . B 7 BRI E(KT 0.002 g/L B, MERAE —ErascR, LTmBRaMKREST
0.002 g/L B, WHiERENFIIREEXT o Rk ia et L im . K 8 B/npEE H,0, IKE RN, Rt
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WTREAIR, R HoOp ALt R AUAR € P TSR, AL (3 AE B AR O S R AR e e N, 9 B
/B NaCl iR BEXE N, 2Lt IARE L N B, (BAERIREZ NaCl 26 AF MR BB Ot BRA Rt

VRN AR

20°C  40°C  60°C 80°C 100°C
REEIC

RICEIA
CO0O00O0000
oRrNWhRUIO~N®OR

Figure 6. Diagram of the temperature effect on pigment solution stability

6. BMEXLIERBEMHFE

0 0.002 0.02 0.05
Na,SO; ¥R/ (g/L)

Figure 7. Diagram of the sodium sulphite effect on pigment solution stability
E 7. TRERNXTL & RIS E MG

0.03 0.3 1.5 3

H,0,KFE/%

09 r

Figure 8. Diagram of the hydrogen peroxide effect on pigment solution stability
8. | H,0, XL & RF2E M RIR N
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09 r
08 r
07 r
06 r
s 05 r
% .
2 4
X 0
03 |
02 r
01 r
0 40

NaCl #J¥/(g/L)

Figure 9. Diagram of the sodium chloride effect on pigment solution stability

& 9. NaCl iR E X4 & ZF8 E RIS

37. BREMNERR. EHEME

900 755 e £, 2% L B A e (R — B0 10) e FE Amax = 503 nm B PSR EA R, JEH
Pt [l JE O FEEAE BT E A R LK 2. %Fieﬁqé%ﬂfﬁ%ﬁﬁﬁ%Eﬁ%ﬁﬁﬂﬁ~%ﬁ@mé
RE71, YN 40.8%, WA THiks 100 5040 8 3 (I YL 2 (57.1%) o 21 0 2R RO SE A hr 1 %
ez, HPE RSB 100 L0 BRI G 2 LT AH5E

>

s

Figure 10. Photogram of the dyeing effect of crude red pigment solution (right) on the soybean curd cube

10. AEFRARBE)MNERROECYRBR

Table 2. Coloration efficiency of the red pigment solution to protein and starch food materials

T2 ABRABRNEBR. EMERMIEER

EAFREM TER TR
Atk BT Abs G AbsIE  BER REATAbs [ Q)5 Abs{H  RUER
(DY) (D2) (D)/% (D1) (D2) (D)/%
ANiReh
(1:100) 1.263 0.542 57.1 1.263 1.167 7.6
[LL AR 0.772 0.457 40.8 0.772 0.714 75
4. &g

TESY B Pe AR IR I AR b, AR BT B2 e 70 35— BR 2R B RedF. 18IS TR R E
FIEE R 2 2 A7 5507 91 43 B9 %5 58 AR RedF YIS B AR B, i 44 74 Talaromyces atroroseus RedF. 7 PDA
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PRI 10 mo/L SRR, WYEE KBS R AR, (BB T BT LA @G TR R A b2
AL o KRR LT R I BRI IR I A 503 nm. DLER ERIE IR N ERE, NN 0.3%7% AL 27 4k KB,
RN KRS R, A6 FMIRH 20°C~60°C M Midae; KIKAEE(0.002 g/L)
AR RRANAS 21t RS A TG RN s LD FRAE S HoOp A M AR E I T BE: 7E NaCl ERZ iGN,
LR EME PR, EAFRRBOTEAZR. JEMRYRNE GG SR 100 fFR 20l Y.
AEPIRIR I KRR R E B S TR T Z NS BOREE 2R B K2 A tafila
Ot 2, A BN 2 v RN 25 JE B 1L & W (azaphilone poliketides), HA 4 g N h4Lth 5. B
WREAF=AATAT DA EE R R, FmA e T & HARN T E~[14]. BT AT AN T AR TR
SEVERIE B RERT A4S B, Z IR RedF AREVE /KB BRI W, HrEMaaRAERH. Wk
S AT ML AR BT N S, AN, PR RedF 7E ST 4R R T PDA PR 2B K R ik 1) B 74 %
BDEBING, v DL — DRI I B K T A R A PR35 b B 4 8 T YR AT AR A

HE&mHE
WA B ARBL AL 4T H (20201)6026); IR HE T BRI H (19K030).

S E 3wk

[11 BT, Jrim, sk, 50, DB, BA, B R RO REE H-1 105 E ML AR EA LAY
TEPE[Y]. ZEDRZH 2% 5 N AR5, 2020, 39(3): 1156-1162.

[21 EW, H#HE. RATORTRERED]. & RIAREITR, 2002, 23(6): 38-41.

[81 XIFE, VFEE, RBL, 75°F, R, — MR O R EMR M) 5w K R FT[I]. WAL R 2 2 (A 48
BEE£AR), 2019, 39(3): 42-48.

[4] 0%, &P, BT, IS, 23578, bk, PR py AR 7= 4 60 3 B I 41 41 1l B (Monascus sanguineus)
Mo B 5 5B 0], WL RSk (ROl 5 A= e RHFR), 2019, 45(1): 1-7.

[6] skarsg, Fdere, kL, Wise, TR, Ok —WmAERERNEE RAFRE a0, wHaukol
B2, 2015, 54(12): 2863-2865.

[6] fF&2%, £, BREk, BiEE —Hraeimmlrses RRaRERMTRI]. R AR 5Tk, 2018,
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[71 S, ke, REFE. B DWL-CO10 H)%E S ILA I MR A sRAFEE T[T, AEMEoARIE R, 2018(4):
186-193.

[8] kfsdes, il REwE, HGIH. EA R TIRE DWL-CO10 Lt R MIMEME) J1 KR EMEN]. i S kBT,
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[01 =%, BB, ke, xFEFE, Zmpk. —PRE H R 240k BB Talaromyces atroroseus X4 =141 (4 & 1 Fa g
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[10] XA, T, FER, DEL, Mk, TRt mikEmaerSataaiReEk iR, a5,
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