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Abstract: In order to explore the effects of phosphorus (P) and nitrogen (N) with different levels in
medium on yield and oil quality of Isochrysis galbana Parke, six groups of media with P rich, P limited
and P free (20.00, 0.25 and 0.00 mg - ™' PO, -P) under N rich (80.00 mg - L' NO,"-N) and N
free (0. 00 mg - L' NO, -N) conditions were set up, changes in algae mass concentration, P
absorption, mass fraction of total fatty acids and productivity of fatty acids, thirteen fatty acid
compositions and their mass fraction, and relative content and yield of EPA and DHA of 1. galbana
culturing for 10 d were compared and analyzed. The results show that in N rich medium, increasing range
of algae mass concentration of I. galbana is obviously higher than that in N free medium, and decreases
successively according to P mass concentration in medium from high to low. Overall, with prolonging of
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culture time, mass fraction of total fatty acids of I. galbana increases continuously, and that in N rich
medium is higher than that in N free medium. In which, mass fraction of total fatty acids in N rich—P
limited and N rich—P free media is basically higher than that in N rich—P rich medium. Mass fraction of
different fatty acid compositions in N rich medium is generally higher than that in N free medium, and
that in P limited medium is generally higher than that in P rich and P free media. P absorption of 1 L
algae in N rich-P rich medium is the highest (0.014 8 mg), and most of the absorbed P is stored in
algae , while P absorption in N free—P rich medium decreases obviously (0.009 8 mg). In N rich—P rich
medium, mass fraction and relative content of saturated fatty acids and relative content and yield of EPA
all are the lowest, but relative content and yield of DHA are the highest. In N rich-P limited medium,
yield of EPA and productivity of fatty acids of I. galbana are the highest, its DHA yield is also high;
total relative content of five high quality fatty acid compositions including C18:1n9c, C16:0, C14:0,
C18:0 and C16:1n9 reaches 65.86% , especially C18:1n9¢, its relative content is up to 28.19% . The
comprehensive analysis result indicates that N rich medium is beneficial to growth, P absorption and fatty
acid accumulation of I. galbana, in which, N rich—P limited medium is the suitable medium for high
yield and high quality oil of I. galbana. Otherwise, I. galbana is not only high quality resources for
producing biodiesel but also potential biological resources for producing DHA and removing P in
wastewater.

Key words: Isochrysis galbana Parke; levels of nitrogen and phosphorus; microalgae growth; P

absorption; oil yield; fatty acid composition
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N+20.00 mg + L' PO,* -P); —a—: & N [R P 55%3& N rich—P limited
medium (80.00 mg -+ L' NO; =N + 0.25 mg - L' PO,*>"-P); —eo—:
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medium (0.00 mg - L' NO,~=N+0.00 mg - L™' PO,3 -P).
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Fig. 1 Change in algae mass concentration of Isochrysis galbana
Parke in media with different mass concentrations of N and P
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N+20.00 mg - L™ P03 -P); —O0—: &N & P 55353 N free—P rich
medium (0.00 mg - L.™' NO;~=N+20.00 mg - L.=! PO,> -P).
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Fig. 2 Change in descent range of P mass concentration in N rich-P
rich and N free—P rich media during cultivation period of Isochrysis
galbana Parke

EIEFHEAENEPMENEPIEFEST P RERE

2.3 EFRRRERENMPIEREDEES SR
BRES N TR EARN=RA LR

2.3.1 BB E 5 R T KIS (& 3)
T AEAF BT EE N AP gy FR B b 5 5% 10 d,
BEdE IR R AR BRE N & P(80.00 mg + L™' NO, -
N+20.00 mg - L' PO, —P) ¥ 3LAh, gy 5 41553
S A P Y S IR o A A O B AL ﬂmE’J
GG IR H R 6 d N, E N R rh SR G e 1 B
NE TR B4 B0 T N 553558, 1592 6 ~ 10 d, & N
FR P(80.00 mg - L'NO, =N+0.25 mg - L' PO, -P)
FIE N JC P(80.00 mg - L' NO,”—=N+0.00 mg - L™
PO,*" —P) 557 Jk v S5 M 4 3 0% SRR 7 R o et 43 B804S
FRELm TION ¥5 9208 (HE N & P a5 b SR 4
BEIR SR D7 R BT i A BB 2 T8 N B3R 5K R



12 LENE7/ I AR RS N N

525 4%

g 30
S 28
S22
=S
ﬁ; 24
0 2 22
= 3
= ° 2
X g
=2 18
Jo <
SE 16
g 14
E 12 1 1 1 1
2 4 6 8 10

BEFRIS[E]/d - Culture time

—m—: % NE P N rich-P rich medium (80.00 mg - L! NO; ™ -
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medium (80.00 mg + L' NO;7=N + 0.25 mg - L' PO, -P); —@—:
& N JC P 85375 N rich—P free medium (80.00 mg - L™' NO; ™ =N+0.00
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(0. 00 mg - L' NO;7 =N+20. 00 mg - L' PO -P); —a—:
JG N FR P 35 3% 2 N free—P limited medium (0.00 mg - L' NO; =N +
0.25 mg + L' PO, -P); —o—: i N & P 555753 N free—P free
medium (0.00 mg + L' NO;7=N+0.00 mg - L' PO,* -P).
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Fig. 3 Change in mass fraction of total fatty acids of Isochrysis
galbana Parke in media with different mass concentrations of N and P
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Table 1 Comparison on mass fraction of different fatty acid compositions of Isochrysis galbana Parke cultured for 10 d in media with different

mass concentrations of N and P (X+SD, n=3)"

5 B W BR AL 53 1A o 2 %%

fihFH2) Mass fraction of each fatty acid composition
Treatment®) Cl14:0 C16:0 C18:0 C20:0 C16:1n9 C18:1n9¢ C18:2n6¢
T1 2.921+0.060b  1.621+0.056d  0.072+0.018cd  0.000+0.000c 1.139+0.018a  2.313x0.064d  3.543+0.103a
T2 4.062+0.015a  4.482+0.042b  0.437+0.014a 0.058+0.001b  0.779+0.047b  7.307+0.044b 1.745+0.040b
T3 4.390+0.193a  5.945+0.062a  0.487+0.026a 0.067+0.000b  0.597+0.000c  9.229+0.099a 1.670+0.018b
T4 2.358+0.092b  3.518+0.099c¢  0.201+0.004b 0.047+0.003b  0.375+0.014d  5.478=0. 190c 0.780+0.027¢
TS5 2.560+0.073b  3.971+0.080bc 0.238+0.007b 0.051+0.001b  0.414+0.005d  5.937x0.163c 0.881+0.083c
T6 2.330+0.023b  3.574+0.067¢  0.212+0.011b 0.045+0.001b  0.366+0.003d  5.276+0.171c 0.774+0.027¢
1 2.175+0.042b 1.807+0.035d  0.103+0.005¢ 0.173+0.010a  0.526+0.022cd  2.022+0.013d  0.917+0.010c¢
b F2) BN TR 7 Y BT 7040/ % Mass fraction of each fatty acid composition
Treatment”’ C18:3n3 Cl18:4n3 €20:1n9 €20:5n3 €22:1n9 €22:6n3
T1 1.812+0.117a 1.709+0.113¢ 0.156+0.003ab 0.142+0.021c 0.000=0.000c 2.119+0.090a
™ 1.439+0.073a 2.800=x0. 134a 0.189+0.009a 0.335+0.007a 0.036+0.051b 2.247+0.089%a
T3 0.916+0. 004b 2.284+0.051b 0. 135+0. 006b 0.383+0.001a 0.088+0.002a 1.666+0.019b
T4 0.764+0.036b 1.762+0.132¢ 0.060+0.001c 0.297+0.012b 0.082+0.002a 1.665+0.163b
TS 0.813+0.009b 1.892+0.039¢ 0.065+0.003¢ 0.330+0. 006ab 0.085+0.002a 1.824+0.042b
Te 0.697+0.029b 1.670+0.035¢ 0.058+0.005¢ 0.285+0.012b 0.075+0. 002ab 1.775+0.052b
I 1.178+0.075ab 2.836+0.102a 0. 125+0.002b 0.175+0.001¢ 0.000+0. 000¢ 1.666+0.073b

O[5 Hp AR R B/ bk R 25 5 8. % (P<0.05) Different small letters in the same column indicate the significant difference (P<0.05).

DTL; B N PHFEHE N rich-P rich medium (80.00 mg - L™' NO;~=N+20.00 mg - L' PO,> -P); T2: & N BR P 553 % N rich—P limited
medium (80.00 mg + L' NO;"-N + 0.25 mg - L' PO,* -P); T3. J& N F{ P #% 3% 3 N rich-P free medium (80.00 mg + L' NO;~-N + 0.00
mg - L7 PO, —P); T4 Jo N & P 55353 N free—P rich medium (0.00 mg - L™' NO;~=N+20.00 mg - L' PO,> —P); TS J& N FR P {5573k N
free~P limited medium (0.00 mg + L' NO;~ =N + 0.25 mg - L™ PO,* =P); T6. J& N JC P 55373 N free—P free medium (0.00 mg - L' NO, ™ -

N+0.00 mg + L' PO,* —P) ; 1. #EFMA Inoculum.
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65.30% . 65.41% F165.24% , BR P 514 F, & N &
FiHrh C18:1n9¢ (C16:0 FI C14:0 By S AHX & R
N BE SR B4 55 6. 97% AT P 45F T, JC N ik
= A AR B N BRFRIERRAI 7. 09%

2.3.3 KRR RBFEIEBRAZ 54 Kilgh

(% 2) F B 78R [R) o a2 Wk B NP ES 57 3k vp 15 57
10 d, 5 Ab 35 21 46 i 4 30 e AR 17 S AR AN IR DT R L A
LRI 77 PR R A R s T 1) T i 53 K5 R S R s T 1R

FRRDG o K 22 o 2 v TR 76 3 1R N 357 2
oL iX 4 TR ARTEE PR P RITC P& 7 3 fh K U
HEMAE 3 4170 N B3R X 4 TR AR W ZERR P 3%
Federh i JEE P AL PR3 A X AR, HA%
WA R TR E XS, HP EENEP ENRP
FE N JC P Rtk | S50 4 B e (A0 S i 17 18 o
DEOY B ICN B PN R P FIJC N L P B 33T}
710.92% 35.96% M162.55% . BAK [-FH (B P 4%
A E N 5T N JEFRE 0 LR 4 TR iR W25 5
M AR PAIJC P 4% 1 & N 5 JC N Kr 5% 56 ] b ik
4 TR 25 S I

F2 ERFARERENMPIEFERIER 10 dEHLETFALEEHBRS2MLLE (XSD,n=3)"

Table 2 Comparison on content of different types of fatty acids of Isochrysis galbana Parke cultured for 10 d in media with different mass

concentrations of N and P (X+SD, n=3)"

SFA/ %

UFA/% TFA/ % Rypr/%

b2 JFUEWE /mg - L' Mass concentration
Treatment?) NO, -N PO, -_p
T1 80.00 20.00
T2 80.00 0.25
T3 80.00 0.00
T4 0.00 20.00
T5 0.00 0.25
T6 0.00 0.00

I

4.614+0. 134¢
9.039+0.072a
10.889+0.281a
6.124+0.198b
6.820+0. 161b
6.161+0.102b
4.285+0.122¢

12.933+0.395b
16.877+0.479a
16.968+0. 109a
11.263+0.577bc
12.241+0.276b
10.976+0. 336¢
9.445+0.210¢

17.547+0.529b
25.916+0.407a
27.857+0.391a
17.387+0.775b
19.061+0.437b
17.137+0.437b
13.703+0.362¢

26.306+0.320d
34.878+0.076b
39.089+0.707a
35.222+0. 165b
35.780+0. 122b
35.951+0.091b
31.271+0.263¢

DSFA; B FIRE B BR B9 R H 7350 Mass fraction of total saturated fatty acids; UFA . SN FIHE I B2 A9 520 4% Mass fraction of total unsaturated
fatty acids; TFA. SIGHER MY BT 5341 Mass fraction of total fatty acids; Rgpy : &MELFIE TR A9 AHXF & & Relative content of total saturated fatty
acids. |§]§UEP4\[§JE<J/J\5$1%%§%—E%(P<O 05) Different small letters in the same column indicate the significant difference ( P<0.05).

DT, B NE P 3 £ N rich-P rich medium; T2: & N [R P % 3% & N rich—P limited medium; T3: & N JC P 3£ N rich—-P free medium;
T4. TN & P 5 3% 3£ N free—P rich medium; TS: J&N B2 P 55373 N free—P limited medium; T6; JCN J& P 15355 N free—P free medium; 1. 2%

A Inoculum.

H 3R 2 AT LA 5557 10 d B, 4% A 202 45
4 T TR R R T R AE X 5 i (R ) M 26.30% ~
39.09% ., 7E3 H& N EFRMP & PR P AITC P By
FRHE ] BRI Ry, 1H 22 58K, 4390 R 26. 30%
34.88% F139.09% ,F & N &4 TF R P M P &
FRIE NI SR 4 B IR Y R, [ 5 4R W, HRAG P
BRI R EON B, 76 3 41J0 N Bi gt
e PR P ORITE P RR SR T A Ry, (H2E AR
I 53K 35.22% (35, 78% H135.95% , {EE P Al
PR P E5ge Sk, JC N 53R 3L PR Y R (E B E
N B35 5L 45 25 33, 929% 1 2. 58% ; M 7E TG P % 37 ik
H, OGN BRI AR Ry, (AR B N bS5 3L A%
8.03% .
2.3.4 BEWER SR TALM A KNSR (FR3) %K
B e ) i i B N ORI P B 3R e 5 55 10 d, BE S

FERTEER 72 H N & P FIE N R P &5 5% 3k v 45 i
LU NG D7 R A S IS T i R R A AR e
FETERE IR 4 d B R R, W AE ) 4 A RE g5 )
SR R ERESE T R AR R IR D R R A
BN R B S T 0 N K593, HAE 3R 4 d i
Vs N R P R S BRI 7 % o e, 1A 31 21, 15
mg - L7 - d, BESRE, & N HILN KB, RP
BRI b SR IR IR P R = T PRI P RS
O HTE N TR P EFRE SRR R 55 P Al
TP FRILT B EES
2.4 AERERENMPEFENLESE EPA
71 DHA X S22 LI

TEA ] B N H P R SR R 352 10 d, 2540
4x 3 EPA (C20:5n3) Fll DHA ( C22:6n3) AYAHXT & &
Fry= i 0 Zk4 i F47 LLFE H . £ ENE P(0.00
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%3 RERERE NP HFED W REHR=RMOLM (X25D,n=3)" .
:'211313513) Change in productivity of fatty acids of Isochrysis galbana Parke in media with different mass concentrations of N and P (X+SD,
b2 B\%Miﬁf({gfr;ti: ENGEbE R EIOLE i i <4 mg * | L Productivity of fatty acids at different culture times
Treatment?’
NO; " -N PO,3 -P 2d 4d 6d 8d 10 d
T1 80.00 20.00 18.79+0.87a 19.73+0.08a 19.54+0.29a 14.44+1.18b 13.11+0.76b
T2 80.00 0.25 19.71+1.35a 21.15+0.60a 18.72+0.44a 18.57+0.27a 17.81+1.00a
T3 80.00 0.00 17.14+1.34a 16.91+0.76b 15.90+0.09b 14.15+0.71b 12.56+0.53b
T4 0.00 20.00 6.28+0.32b 5.10+0. 34¢ 4.83+0.03c 4.24+0.24c 3.32+0. l4c
T5 0.00 0.25 6.98+0.30b 5.44+0.52¢ 5.00+0. 10¢ 4.55+0.28¢ 3.88+0.22¢
T6 0.00 0.00 6.62+0.72b 4.52+0.45¢ 4.64+0.60c 3.78+0.42¢ 3.17+0.21¢

b EjﬁljWKEE/J/J\E¥%?§%E%E%(P<O 05) Different small letters in the same column indicate the significant difference (P<0.05).
2T1. B N & PREFRHEE N rich—P rich medium; T2; & N R P 553£3E N rich—P limited medium; T3: & N JC P 55353 N rich—P free medium; T4 .
Jo N & P EiFEIHE N free—P rich medium; TS; JC N FR P 553535 N free—P limited medium; T6; J& N JG P §535 % N free—P free medium.

x4 AERERENMPIEFENZIESE EPA 1 DHA X 22 RZEM L E (X+SD,n=3)"

Table 4 Comparison on relative content and yield of EPA and DHA in Isochrysis galbana Parke in media with different mass concentrations of N

and P (X+SD, n=3)"

R /mg - L

;‘/'\A 07 atl H=N o -
b3 Mass concentration MXF & /%  Relative content Fe/mg Yield
Treatment?) 3
NO,~-N PO, P EPA DHA EPA DHA
T1 80.00 20. 00 0.809+0.021¢ 12.076+0. 090a 1.049+0. 158¢ 15.681+0.663a
T2 80.00 0.25 1.293+0.007b 8.670+0.089b 2.192+0.046a 14.718+0.582a
T3 80.00 0.00 1.375+0.001b 5.981+0.019¢ 1.591+0.004b 6.913+0.081b
T4 0.00 20.00 1.708+0.012a 9.576+0.163b 0.550+0.022d 3.081+0.301c¢
T5 0.00 0.25 1.731+0. 006a 9.569+0.042b 0.627+0.011d 3.466+0.080¢
T6 0.00 0.00 1.663+0.012a 10.358+0. 052ab 0.574+0.022d 3.195+0.094c¢

D ES AR /NG PR R 225 3 (P<0.05) Different small letters in the same column indicate the significant difference (P<0.05).
DT & N & P33 N rich-P rich medium; T2 & N BR P J%353E N rich—P limited medium; T3: & N JC P 55323E N rich—P free medium; T4
Jo N & PRiFEIHE N free—P rich medium; T5: JG N [R P 573 N free—P limited medium; T6: J& N JG P £ 3 N free—P free medium.

mg + L' NO,"=N+20.00 mg - L”' PO, -P) . JG N R P
(0.00 mg + L7 NO,”=N+0.25 mg - ™' PO’ =P) F1JC
N JC P(0.00 mg - L' NO,"=N+0.00 mg - L"' PO,* -
P) B3 rh AEHE A MY EPA AN SR B E S T H
N &P (80.00 mg - L' NO,” =N + 20.00 mg - L'
PO, -P) & N & P(80.00 mg - L' NO,”-N+0.25
mg + L' PO, -P) FfI'&E N J& P(80.00 mg - L™' NO, -
N+0.00 mg - L™' PO, —P) i 235, Wi 7E Ay 3 4B 5%
e SEHEAEER) DHA AHXS & i T N BE P AiLE
NJCPEFRE, AT E NE PRFRE, & N KM
TSGR EPA AX S =AE S PR P FITC P 8
FRAEPR YIS | HAE G 2 IG5 k0 0 B % 2% 5%
TMH DHA B AR X 25 5 AR Ui ok, H 4% 2H 18] O 2 3%
25, TEJC N ZRAFT S5 HE4 B0 EPA AHXS & 5 7E
PR P 35S FETC P R 2 h R I 11T DHA
AR U AETC P B Fe kb iy TERR P RE S Bk
5328

4 BT WL, 7EJC N 85 35 3 b | 2500 45 3 10
EPA F1 DHA =i ZL T & N B3R, 5 N &
fF R, EPA P2 ERR P RS s fEE P R SR
SEiRAIX, AR &R 0 R) 22 5 B 3 T H: DHA j7 it
WIAE S PRI P e TG P ISR AL, B AE
T PHFEPEE P MR PR FIENA W EER,
TN N, ZF AR PSR i T i s fE
PSRN, HAES RN T

3 Wi fgd

3.1 EfERERKEEEFERNMPIRENXR

FHSCHFFELE R AR N 5 T ey A= Y
F RN Qlan 5 M BFFTAE R R B N &
BT , =Mt i ( Phaeodactylum tricornutum Bohlin)
A2 M 73 8457 1, 4 s R 8 L s AR v, A ik
N % 77 5 v S5 0 45 g AR 11 Jo R S S A R e, 0
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WY N X s i A= B 2R, Wi Eh 2 o 2
i PR G o A% R A5 0 I I P 0 e SRR [l s 7
fiiiE ATP A1 NADP [ 7= A F ik AL i B vp % 5 224
FAT AT 0L P A o8 40 A K A S T R O
2 AE HA PR EE 4 10 IE 7 I, PR = a0 9K £ 5 0 f ke
2 B %) A A N BB AR S 5 I A AR 1Y BT
HRIE/EE N E P(80.00 mg - L' NO,” -N+20. 00
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mg - L' NO,”-N+0.25 mg - L™' PO, -P) i F 3t
JE& L fE W NP (80.00 mg - L' NO, =N + 0.00
mg - L' PO, —P) BEFR P AL, A B N S50 T 55
i 4 1 A R BB Bt B 9 3 o P TR I R B R AR
M N, 7 JC N & P(0.00 mg « L' NO,” =N +20. 00
mg - L' PO,> =P) . JEN BR P(0.00 mg - L' NO,” =N+
0.25 mg - L' PO, =P) MIJG N & P(0.00 mg - L'
NO, =N+0.00 mg « L™ PO, —P) 1 5% 5L v 54 4>
BEAR I S5 R B 2 AR/ UREH N P i PR
R X A6 O 4 T A R BB ) S A D5
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JREE P W N B P AR 3,95 457 T
Jo N & P A TR A R B R Y P
MR NE PRI 133 455 SR, 2R84 i
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BREEAREMHREIEA — B RMATET N & P Bl
PIRTE N & PRI, WUETT NS P AT A
ISR PRI RE ) 25 R

AIRIBEEFRT P 7R 1 25 AR K i 4
BN AR REUORAE P i T AL 02 B5 59756 1/4 L
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Ferif 3/4 1 P X T AR A B AE KRR R 2R
()5 I LA 4 e A e g P A R HOE R AR KR
REM 6 fF, ARBFFEH,E N R PRI P ik
JE40.25 mg - L7 W& TR €2 3595 P IR S
174, NEAR BT R I KB OUE i R 5L 5 E N
B PR A A AR R PR VR B AR SR SR S d
FEAR—F H 3R 5 d IR IR TE N & PR
e (0 2 BRI O 22 5% UiAH 0. 25 mg - L'p
FEASTT DA J2 S50 4 i A K R o PR SR, SR
M, 9% 10 d B N & P Rigdbh PO Ik B Y R
MR GI5 12.20 mg « L7, JE UL HEM G 52 2 p iy P /30

O3 T AR M4 e A A 48 AR Ay BV AEAE AR I, Hi
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3.3 EMeRREIRESSIERERNMPIKE

HWE T TR N ST, ey S5 IR &
FHEINY T Fidalgo 25 AURFST 45 A R 4 41 4
BEATTE N FREBA PR RERDIR, A5 7k
ASEERIE] (H5 97 10 d) fE& N R P RIS N JC P &5
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Bre bk AHITC N 25T S5 M4 it i R TR 25 1 01 %
At 155 N & PR 5 S0 4 10 SR 107 R
R AR TERE IR 1 ~6 d B T 0 N Kig3t, 1
FEREFRE 6 ~10 d HUYIRFIC N Br gt X2 & 5 sk i
BRI E P AKX, MEHRAME

FHOCHIETE 2 - ik P X SN 7 TR 5 £ 1 52 i)
AR B A G, B P RS fE o B
( Monodus subterraneus J. B. Petersen) Fll = ffi # 5 ¥
E S Sl Tl g = TS| I U - g
( Nannochloris atomus Butcher ) FIEI-E 133 ( Tetraselmis
sp.) SEE NG T R & w5 Chu 587 IR, BN
FAF R ok PRI/ NEREE PR DR S A, TE R N
MR B P AR —EH . AT & N &R
< R 1) AR I TR BT A0 BCTE TG P R Rk rh B (TR
B P EsgRsE farh 7R PRI A T N A& A
TR TER P E IR & (H S5 P AT P
R BT B 22 5 BT N R T B PRl LA 55
4 AR N B IDT R 1 1, TG N 2R AT Pk X
S 4 T AR PN TR D TR 5 ISL K S 0 ZAR N ¢

IR I TR 7 48 S A T 7 Wil BE ) ) AR AR 2
—, T PR AR VAR R LR R T R R 4 S [
o Chu %7 IR ZS R 2L N & P B gk
HhINERBE AN AR A BB 1 7 i AR e, b TR N
B PR 14 d /N PR N E N E PR
FEHEMY 1,35 £, FETC N & P REFRIERESE 16 d AHAEAN
BN E N E P IR 2. 00 f5F, WS
o AR SRR (B 5% 10 d) ' N R PG FREEH
SEHR A AR TR 7 R — HBR , M JE N & PLE N
FR P AITC N JC P 335 5k v S5 5 4 i 1 i D 2 7 8 40
— HARMK, 456 5 N & P I FR L h S 4 i P i
R X —ER T LA e ] — 25 A T Tk ] i ik 2]
AT TG TR = 2 ME KR P HAR, 758, BT
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