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Parachlorella sp. is an efficient fatty acid producer that can be used in the production of biofuels, feeds,
and fertilizers. Microalgae show varying responses to culture conditions, even those within the same spe-
cies. In this study, growth and fatty acid composition of a newly isolated Parachlorella sp. from the Nak-
dong river of Korea in different culture media were investigated. The microalga was cultivated in 400 ml
bubble column photobioreactors using BG-11, BBM, TAP, and modified TAP (MTAP) media. It was shown
that using BBM led to greater fatty acid accumulation (34%), while using TAP medium led to greater bio-
mass productivity (0.34 g/l/day). Composition of the TAP medium was modified to have the N:P ratio of
BBM while also varying concentrations of N and P to improve fatty acid productivity. One of the modified
TAP media, MTAP-1 (104.8 mgN/1, 135.2 mgP/l, N:P ratio = 0.77), showed the highest fatty acid concentration
of 0.69 +£0.04 g/l, while those from TAP and BBM were 0.48 £ 0.06 g/l and 0.40 + 0.02 g/l, respectively. The
results showed that microalgal fatty acid productivity could be enhanced by changing the N:P ratio and

concentrations.
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tertiolecta & &35S 2 22 3}1L, Nannochloropsis
oculate &3} Porphyridium cruentum £ A HALS F2
ZA3H 9, 10]. Haematococcus pluvialis FANA = A
29 ZZANA 7}EE ko] E(carotenoid)] ofAEMZE]
(astaxanthin)®] &7 o] Uy Dunaliella salina Z Al
=342 248 4 4= BTt =& 24904 Hgst 2"
(B-carotene)] &2 o] dojdt}[11-13]. & AFANA A
H N7 Z-& &(genius)?l Parachlorella kessleri
CCALA 255 $2 A4, 3 &= A9 =71 22w A9
A AARE S35t Ao R BUEGTH14].

2 dtolMe 2 G5 FAdA ASeE A, &
E Parachlorella sp. 8 A4 S =9 4 e o
Fles NEE A o2 wd A3 F, WA 24 IE
A WAL AV S Atstgin plAlRR wfol glof vt &
ol AIZE &3 § a7t 299 WA 2 = 2 A st
© 20A g Ao gL 2 24E E 5 UAT
ol ol x| ¢} vl-go] Wol Fof thF uijkol F-&o] oH
7] e iZoll, =k v gl FAAH SR S-S &4 w
(batch cultivation)2 E3f vlo] L uj A} X HpAL AL S
A5G B4 vA2F g gutH o g A E =
3 239 ujA], BG-11 (Blue-Green), TAP (Tris-Acetate-
Phosphate), BBM (Bold’s Basal Medium), 8] X & A}-&3}
oy Parachlorella sp. S vt §, vlo] Quj A AR} X
A S 245k Ao mE XA A S gl st
Tk AGAE A S FFAI717] §iste] Blo] Lo A AYAF
ol 7 EA W& TAP vjA| 9 A4E ol 7HE =4
U2 BBM iAo EAS =&t 4 T/ Modified
TAP (MTAP) Hjx] A& 1k N:P v &, 4y 259
OFN| EAF M7} of Kof wtE X WHAE A 9] ApolE AL
3 A A 9 o wj7h-3 A AE JAEA o] 2 wiA] R4S
A skt
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dgtels AAEE AFA AR A
(36°26'02.6"N128°14'54.3"E)o)| A E&|3t Parachlorella sp.
FBCC180029 & % H9 54 EALT G- EALL
Yol A Algtop 2 Aol Ag-sth T2 250 ml 4
ZF Eef230] 100 ml®] TAP WA E AHE-ste] X& w7
(VS-8480SF, Vision Scientific Co., Ltd., Korea)E ©]-&3}
o] 2009 XA 120 rpm O 2 WHHA| 7| H FFEL o
&3l 50 pmol/m*s9] FE2 24X 7F UE FFFo] Wik
stk
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Parachlorella sp.2] A8 AAA-S Frlslr| Y] &
= "M 27 vl @8] AM8-E+= BG-11, TAP, BBM A
FFY HAE AHESto] g AHS AT BG-11 HY
A= NaNOs 1.5 g/, MgS0O, 7TH,0 74.9 mg/l, CaCl, 2H,0
36 mg/l, Citric acid 6 mg/l, 0.25M NaEDTA (pH8.0)
11.2ul/l, H3BO3 2.860 mg/l, MnCl, 4H,O 1.810 mg/l,
ZnS0O4 THyO 0.222 mg/l, Na;MoO4 2H30 0.390 mg/l,
CuSO; 5H0 0.079g/1, Co(NOs); 6Hy0O 0.0494 mg/l,
Ammonium iron(III) citrate 6 mg/l, NaCO; 20 mg/l,
KoHPO, 30.5 mg/lZ T4 5 %11, BBM2 NaNO; 250 mgl/l,
KoHPO, 75 mg/l, KHoPO, 175 mg/l, CaCly 2H20 25 mg/
I, MgSO, 7Ho0 75 mg/l, NaCl 25 mg/l, H3BOs 11.42 mg/
I, EDTA 50 mg/l, KOH 31 mg/l, FeSO, 7TH;0 4.98 mg/l,
HoSO4 (96%) 0.1 ull, ZnSO, 7H50 8.82 mg/l, MnCl,
4H50 1.44 mg/l, MoOy 0.17 mg/l, CuSO4 5H,0 1.57 mg/l,
Co(NO3); 6H,0 0.49 mg/12 LA E o] th TAPZ Tris
base 2.42 g/l, MgSO4 7TH,0O 100 mg/l, CaCl; 2H,0 50 mg/l,
NH,Cl 400 mg/l, KoHPO, 108 mg/l, KH;PO, 56 mg/l,
ZnSO; 7Ho0 22mg/ll, H3BOs; 11.4 mg/l, MnCl, 4H,0
5.1 mg/l, CoCl; 6H;0 1.6 mg/ll, CuSO, 5H;0 1.16 mg/l,
(NHy)eMo7094 4H,O 1.1 mg/l, FeSO, 7H,O 5 mg/l,
Nay;EDTA 50 mg/l, CH;COOH 1 mg/lZ A = it Al uf
A F F8 Aol Fr1Ex, 77109 & D NP H&
I G71eAY AR o5 Table 19 A2 = o] 9lth. NaNO;
2} NH,Cl 9]0 BAH4 0 2 trace mineral supplementZ &
He SekEol ZoE No &2 AA Y oF 0.1% °|st=
Table 1] Aol A= FA8H% T

MTAP A= TAP j#| 8] d49 Q19 =& 243}
A 23} tH(Table 2). BBMI} N:P H]&0] Z=Z TAP Hj%]
%A % phosphate buffer®] K,HPO,, KH,PO, 7}2] H]-&
< FASHEA F71919 FEF F7HIZ L MTAP-1), 7]
A F71ALae B9 FHE 5%, 50%2 HEAY
(MTAP-2, MTAP-3), BBM} -2 %0 2 gh3o] ¢rmo}
O} oI EAL ARgo] Bl FRFE EAFSISITE BG-119] ferric

Table 1. Major differences between BG-11, TAP, and BBM
media.

Inorganic  Inorganic

Medium  Nitrogen  Phosphorus N:P Ratio A?r?wﬁ?r)e
(mgN/l) (mgP/1)

BG-11 246.5 54 454 -

TAP 1048 1352 33 10

BBM 41.2 53.2 0.8 -
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Table 2. Comparison of TAP, MTAP, and BBM media.

Inorganic  Inorganic Acetate
Medium  Nitrogen Phosphorus N:P Ratio (ml)
(mgN/I) (mgP/1)

TAP 104.8 31.9 33 1.0
MTAP-1 104.8 135.2 0.8 1.0
MTAP-2 78.6 1014 0.8 1.0
MTAP-3 524 67.6 0.8 1.0
MTAP-4 412 53.2 0.8 1.0
BBM 41.2 53.2 0.8 -

31190

T2 Y8 AFE-EY citrate

A} e ujH2 AZO bl
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LEES T
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Fig. 1. Changes in biomass concentration and fatty acid content of Parachlorella sp. cultures by different media.
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=L TAP Hjx|oA 3.4 g/l, BG-11 jx|o|A 2.4 g/l, BBM
B 2] o A 2.0 g/l2 Hfo] Lo A= TAP Hj Ao A 7+ Eol
AAENEE ¢ & ANHEFig. 1). BP= TAP, BG-11,
BBM 4:0]910.1 ZH2F 0.34, 0.24, 0.19 g/l/days TAP #j7]
o Al BBM iAol A Rt} 74.8% &4t uA| 2 F vlo] 2
WA NP Hj&2 3 vjef 249 whegt =X g4
WA Q249 59 248 FA @S W SFHLE 711 9]
TH1, 15]. o] ol v]Fo], Blo] 2 ufj A AYAF A|Z QIAHE BG-
1104 %& 7712 %7t BBMoA & 77134 =7t
223t Ao 2 AETH TAPY = E0]F 02 ofA| EAlo]
7AYo R FFEHUAT 2% COE AEH o2 37
BFS 7] ol 'S vlo] emj A AR AR QAR 2
&812] st Aotk mA2RE ol &3 F4F 25 FolA
F71d a8 7710& AASE = dFolMe NP a2 =
dsto] F719%E AA 883 wole 7Ieo] /MEHL =
g, Chlorella vulgaris®| A= N:P H|&9| 8:1, Scenedesmus,
Chlorella, Nitzschia S22 0]Fo]Z] u|AZF A= 14:1
ojgitt1e, 17]. v 27 AlZSo| oz S4T o 7
7194 AS 7P A Fs7] gzl & A3l AHE-
g HjA] F N:P H|&o] T:19] 7P 717 TAP vjR|ofl A u}
ojemj A AYAto] 7HF wh& AolTh18].

Al HE &, Alzte] 50 w2t BBM HjA & AME-3 bl
FH | o] WA @ojR|7] A|Zsto] e OB Wk,
TAP HjR|E ARERE vjofle ARM o = Wit ¥ BG-
115 ARESE B2 Xgt 2802 o8 wjx|o 2 &
Ao] AR FUTH(Fig. 2). A v 2F= X2} FH
B Ug 2 Foote] 2FMor Hols ERR2ES
T8 FAA MAZ 7RI Sl E22YL2 B4 sty
TS A GAE 7R o], W W Aavh BRE
g 9 o] & Bt AAE 9 Ao AHEst= A
o2 g Sirh10, 19]. W2bA, N:P H|Eo] W BBM Hj

AE AR G o= mAEF AZE0] E22ES

(a) (b)
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Bafoto] mPMOZ SME T, NP H]&o] & BG-11
EEREE PP P CEE TR
Ba5HA ool Ae 2EM 02 wjgfole] o] §AF RO
= BerEt,

BE WA A BF F 3A7HAE B4 exponential) A3
T4 Hol 3, 2 Y2 7937 Welui Aol 3] 4R
o] ARE AFIHL Bl H, FA o SUstech Wk
19, 69, 89, 1090] 1A 257 vhol vk 2] Ak Fa
S 2HG A0, BE WANA Aol AG4E ARA §
ol Z7kHA 0 NP ] go] vol A4zt AHoz &
=% BBM iAol 4 A4k ol 21 s4%7kd S74st
%th(Fig. 1). TAP WA o A &= A 44 WeFol 18%, BG-11
WA A A ol 11%2 ekt

A AER AE7 ARl B AL B 3
Kol B4ol7] Wl okl Wol FE3 Aast B
ofof A Hgo] ALF| ol ol Atk Wk ol Az}
B2 49, 2L BNAY FHo| Brbsstel AT LY
o] Wi, o] u) Wt o] Hsteiast A% FFY AL )
AZF AZL FEHL A% Bk 2L 514 2o
ujel WAISHE o] UAE AAE] $istel A, Bat
2, A 59 REAZAL A4stel 45 Hrks, 0-
13].

TAP Wjx|¢] |44+ Fao] BBM| M3 e Aol NP
H& Bt ohyek TAP Hix|o] 4] Hho] 0P 27} o}
AEG FE7b Boh7] R S5 gk S A2 AE
27} AR F2E 440 At o] Jof AU A%
317] $13) Aok, ALE F U7 Fe Ao A
AL 9 oluiA7H ot Xupk T4l A Uolut
A b 4 Slek. H. pluvialis®) - oF~ehRe 44t
A3 LAUAE FFoH7) A3 AE 5 DA B=E =
Wto] of BRI A4S FANT A7 RIE b} 9)
cH20]. Fig. 114 Lhebd 23 o] BBMoI Al A4k 3

(c)

Fig. 2. Color changes of the algal cultures with BBM (left), BG-11 (middle), TAP (right) on the day 0 (a), 4 (b), and 10 (c).
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Fig. 3. Photographs of algal cultures with BBM (B), TAP (T), MTAP-1 (1), MTAP-2 (2), MTAP-3 (3), MTAP-4 (4) after 9 days of cul-

tivation.

so] A4 02 TEI| F7He v,
2 A B 37 Bol gastad, A G o o
7H BBMOIA © ot A4k F4e] o 2 Qofere 4 qlrk.

B UYL Foto] ho] on| 2 AAtel TAP A7k, w4

TAPO A= 622} o] %

25 Y Ak 2F o= BBM ¥ A7} 7HE Ajsithe A
= & & ST AEA QA A S B4 6] st
o] N Z g A9HAk FHeko] ofyl ujjokol Elujg} z|upabe] =

£ AT HE AZ 5= TAPY A 3.4 g/l BBM
o] 2.0 glEth 74% FRAT, AZ F YA FFES BBM
o A 34%Z TAPO|A & 18%2t} 87% =gttt 1 A3, &
FA A4 == BBMO|A 639 mg/lE TAPO| A9
615 mg/lETh 4% =& WA === 2ot} BG-11S £7+
e HF AE sE=5 By AP Aol 11%= o
2 WjAE SRS YRt AR Dot 276 mg/le] 7P
L AHAF =22 H )

SIS Y A HEE SR, vol o 4
7 gl AALE ofof Bl W, BotE, sh2 koS 5 o
£ §18 B9 A0 el ke Hol, shol oo
Aol 1 1 TAP WA Aok el o, 3
5 28sto] TAP ¥j7]9] £& ulo] ol YA47 BBM
)2 9] o kAL Btk Z+zbo] AL A 4 9l )

A 244E 37] Y3 AdS AASHGTE TAP vjA|of, A%
Ab gHgo] 7H =4 BBM x| 9F o] Aag 219 HE
Z2H A MTAP-1), N2 = 294t 4 o #A 7}
A 2AFSE7] 9fsf MTAP-1 HjA| o] A9} Q19| F3F=
MTAP-2, MTAP-3S 11¢t3} 4t} E3F, TAPY BBM
Ao] Ztzt 93} ot g, AA UEFOE T2 TAP
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MTAP-4& AME-314 tH(Table 2).

MEZ HE 3 A|7to] 550 wrgt MTAP-4, BBM, MTAP-
3, MTAP-2, MTAP-1, TAP A &0 & =2tMof 7i7to] ¥
T AS YT = A (Fig. 3). °| € T3, BG-11, TAP,
BBMY] A AT} Zo] et o & wo] ¥igt 02 x|t
ol @ol FARE AL 428 + AT

Parachlorella’s Z}Z+9) v x]of| A v Fet A}, ZF vlo]
QujA &7} TAP, MTAP-1, MTAP-2, MTAP-3, MTAP-
4, BBMo| A Z+Z} 2.43, 2.78, 2.14, 1.85, 1.58, 1.36 g/lZ
Urehidth(Fig. 4). TAPZH MTAP-1, BBMzt MTAP-4= -2
ko] ALY E AHE5FAA T MTAP-13 MTAP-47} Z+249]
2ol vl 14%, 16% T HiolemjA F=7F Qo
MTAP 4 Wi A7} BBMET} vlo| oA %7} =4 U A

o WAL gFuolz AGEL, oL ERS A7)
1141-%0?; e

VAR A BN AT G2

2.2 nitrate reductase®] 23 of&AAto] 202 FYH th
nitrite reductase®]| 93 YEEF 0]%2% sl =
glutamine synthased| 9J3] 2 F g4t} BH-5-3lo S FEt
o2 FAHL2I]. b, Pk o] 2L 24U 2T
S MTAP-4 w1014 SR AIE) o weA] 43
T A%E Aolth. MTAP iAo FF3E PN EA GA
A 27 A2 HE F42 F Acetyl-CoAZ W= o] TCA
cycleo| WHE2A AHE-E 4= 17| w2 A= Wl iR S
w27 35t A2 Qe S8k, Yol At 4
= 57}7\]71“ aE W& 7FsAol deh22].

& af= vA2R AZ IVE TN I ZAEE
%D} (Fig. 5). BBME Z33}o] vl 93t Parachlorella®)
Bt AEZ Fu= 23123 um®o] $l=1] MTAP Hj 7] of| 4]
23 288 um7HA) AZ0] B)7 FABHE AL st
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Fig. 4. Changes in biomass concentration (solid line) and fatty acid concentration (dotted line) of Parachlorella sp. cultures by

media.

Aok A 717 SohEldd 0-3Y) Al W AL e
A F7VsEA| grot AR ot} obA| EAte] o) A7} uf
S w2 Hx 2 FAste] YEhd @402 AR ET BHdo|
MTAP-1 v} 2|2} TAP Hj#] 9] z}o]= 7+ AL YL AHE3}
HAL B ot EANS LA 47] W Eol F A 2+ &
A 8] ZboJub= N/P ratioR Q13 Al Z W) A9t ol &
B3, HI A Z Fu= MTAPI} TAP wjx|o A 24zt
273 pm®, 241 ym®2 2 Zpo|7} WA who| QujA FEvL G
Fe Aoz woE)

A 25 FEf AARE o)A §F o wat 23]

—e-BBM —4-TAP - MTAP-1
1.E+09 ¢

Cell Concentration (cells/mL)

—A—MTAP-2

WAt EEoRA e 2 BR7F HaL, §3] eW|7h-3 A
Abg Z3ste BEXIAARS AR TR HFHT A8
AH oz o2 anE Wol A%7544E0lU &AL
22 A YoM BSR4 o] B2 A 0]
2£t}[23-25]. Parachlorella sp.2] A|W4Le] A& &913}7]
ool TFB B AL LA BE A B
TAP, MTAP-1, BBM, MTAP-2, MTAP-3, MTAP-4 &2 &2
=%on Z+zF 19.7%, 24.9%, 29.1%, 30.2%, 31.4%, 34.3%
%Th(Fig. 6). A4 FHH o] EAAH R AZE7] A 3Y
2+ 7HA & o] EANPalmitic acid, C16:0), = JA
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Fig. 5. Changes in cell concentration (solid line) and average cell volume (dotted line) of Parachlorella sp. cultures by media.
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Fig. 6. Fatty acid composition of Parachlorella by culture media and time.

(Linoleic acid, C18:2), &394k (Linolenic acid, C18:3)0]
B U8 AR, A M| AZE|2 2 oAt
(Linoleic acid, C18:2), 2l &=d|Y94FLinolenic acid, C18:3)1} st
2 AHOleic acid, C18:1)1} Zu| € #]&d YA Palmitolinolenic
acid, C16:3)°] £7}3l= 2&S HYth

Parachlorella sp.7} AAFsH A ¥pAl 2 Q1| 7}-3 | HFARS
o] & 8] =3 Y AH(Palmitolinolenic acid, C16:3), T o] El&=
YAH(Palmitidonic acid, C16:4), #]&d| YAk (Linolenic acid,
C18:3)9] Al F7%3L, BBM HjX| &} A4t vjA] 5 MTAP-4
v ol A Eo] £ {c}t. TAP 9 MTAP-1, 2, 3 HjZ| ]| A]
= W7} 3 A4S F717t HolA] ¢hek=d], TAP A9
Ae =2 NP H& o, MTAP-1, 2, 3 iR A=
MTAP-4 vjA| He}t 355 Nt PO F=7 AdfA ez o}
2F vho|emj A FE7F § gobRlaL, o|2 U AlE T B
oz efo] @ok7] YEO 2 AR EHT

EXSPA A LSRR AR H] &2 TAP v <] 2t MTAP-
1, 2, 3 HiA oA 2.0£0.10]13, BBMI} MTAP-40] A
250002 A9 FaFo] B3 1) Rk 2v]7h3 A
AbO] FHeFe MTAP-4914] 10.1%2 7} =9r3, BBMo| A

8.4%, MTAP-1, 2, 394 2.4£0.1%, TAPIA = 1.7%= 7}
& 9A vebgth A 24 WIS 2Y C18:10] St
F C18:27F S7kstal, I Hof C18:30] F7tstich. 3
C16:10] A7l ¥ C16:3, C16:49] &Fo] Z7lst Aoz B
o} C16:00] A& TAH F 7|4 C16:1, C16:3, C16:4Z
desaturation®] ¥oju}al, C16:00]A4 C18:0, C18:1, C18:2,
C18:30.2 £2}& 22 elongationy} desaturation®] ¥ojut
© g9l A 2F Al AR HRE IE JoR B
o1th26, 27]. A4 A T} desaturationo] = o | x| 7}
Zasty] fzol, APAr 5 53] 2H|7h-3 A4
Eolzd viA 9 NP Bl &S FA5HHA & 58 B 5
o] 1 Hpo| A FEE AT AY FEE Fole
S AHgaloF & Ao 2 TIeETH27).

Hho| Quf A FLof AMMAE e Fote] T3t v U
A ALY FEE MTAP-1914 692 mg/l, MTAP-29] A
646 mg/l, MTAP-30] ] 582 mg/l, MTAP-46] A 526 mg/l,
TAPOA] 480 mg/l, BBMo| Al 897 mg/1%lt}(Fig. 4). A H}Ak
AFE BBMOA F AAZ =RA|RE Ho] 2 uj A F&= 9] 2}
o|2 BBMOoA A4 T=7t 7P W Ao s Ueita, vt

2

Table 3. Biomass concentration and fatty acid contents of other Parachlorella grown in different media.

Culture system

Max. biomass

. . o
Strain Medium (Working Vol concentration {g/l) FA contents (%) Ref.
Parachlorella sp. FBCC180029 TAP BC-PBRs 24 20 .
This study
MTAP-1 (0.41) 2.8 25
Parachlorella sp. BX 1.5 BG-11 Flask 57 16 7]
BG-11-N (0.03-0.05 L) 1.8 27
Parachlorella kessleri UTEX2229 Modified-BBM Airlift PBR (1 L) 4.2 37 [28]
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o] @A FE7} & MTAP-1914 A4t H=71 714 &9
ot 5L wjeF 272 op gt Tt Parachlorella 5-& Y
Fet Aol A= NP ratio’} =2 BG-119] N& A| A 5}
A HFAF FHEFS 16%0) 4] 27%E Z7FA AT vlo] QA =

= 9F 68% asto] AA A At T Fadste] 2
Ao MTAP-49} F-ARSE 235 H ¢{th(Table 3) [28]. &
oHE dFol A= BBM i X 9] Gt TS U WiAE
AR 37%9] T2 AL FHEFE BAISHHA & Hlo] n)
A L2 =Y 4 9)9th29]. wakA], Parachlorella®) X144k

& Aol #eE Aol
At 24 & 7P 783 Ao HrtEe en7t-3 A
HIARS BBMoJ|A] 115 mg/l, MTAP-19| 4] 67 mg/l, MTAP-2¢]
A 53 mg/l, MTAP-3°| 4] 41 mg/l, MTAP-4°] 4] 159 mg/l,
TAPOA] 42 mg/l2 VrebLt 2| 7F 2 240 2ol o] et
MTAP-40] A 7}g =& 2H|7}-3 A4t A& E g
MTAP-1o) 4] % AMHAke] 27k 74 E5kawh, ov7h3
AMPA S5 & MTAP-40] A 7% ESkeh. o] MTAP-4S
AHEE RS W HF HholeulA FETt o Wol o W Al
ZF 9 UAZF FEE o 273 AAEe] o] o &
of olojR] R Rtk ZTH o2 TAPHA NP
H|&-& BBM¥} FUsHA 2484 T MTAP-1& AHS-s)
o] 21 A4 & 7] 9] TAP v 2| Bt 44%, BBM B 2]
B} 74% FAAI RO, TAP vjX] 9] N} P9 ==& BBM
7} FYSHA THE MTAP-4% AHE-sho] 2w 7}-3 24t A
S 7)2 0] TAPH|R| E T} 279%, BBM H) 2] Kt} 38% &
AXND $ QU wEkA, Parachlorella sp. B A
MTAP-1 = MTAP-4 vj 2| & A €sto] A4t grego] &
OSHA At AP 24F 7HA = HARF vpo] e A

£ BT 5 9 Aol

O OF
|

Z 291 Parachlorella sp. £9] vjo] 2uj A L X WAL A
doll tigh wiR] 9] FFE Attt nARF vl &

&
ol X A2 TAP v 2] o A, A4t %22 BBM Hj

{14 7Hg & dojurs AL SARIHGS, A4 B4
= FRA7I7] Al FEYote} ob M EARE A= TAP
Hjx o 24< Wakstel BBM MiAAH A4 45 &
=stof vho] & YA S S7HAIZ] MTAP HiA S i
sttt AA A QL who] e uf 20k 24 A S wol7] 4
8 A= MTAP-1 8jA| 7} 2 g5to] vpo] @ ufj 2~ Y4k 7t |
HRAF ALY L 7] 0] TAP w7 thu] Z+2} 14%, 45% Z7F

N
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