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HE UEARERRFENLIEMEYRE CEFRINEYHRAFBANEIES S MEETEEMEYARBENBER
B8 Wi B8 (PLFAS) ¥ 76 )" &2 & BHIMEE AR AE WHREHE RN E LB ST ERE L, B EERE T ENA T L WM
EYEFR. EART PLFAs S W2 ML EX BRI ERBRESE PN EREKFE, 4T MIDI,GC-MS fl HPLC-ESI-MS
SURFFER, MR PLFAs RN AEBME N, REE T HHAYER SH RERE RRERLEEN L EHEDZ AR L
WAEYMBEESTRABORA. Rt 7HET PLFAs BERMAE ., B0, EL L WU EYBHEHF AN BEAN I EHH;
GHEEHEYRNABER, FAERTANGE; FARERESRRAIBERASZ L EBREREFILE T, ik LA 020
-B0CERGTHRAE. B, FI A PLFAs SIRFR L WHA YR, WEU ALY R RHEMEI T FR, AREERBRBR T
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PLFAs technique and it’s application in the study of soil microbiology
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Abstract: The soil microorganisms as complex communities are the leading participants of the bio-geochemistry cycling of C and
other nutrients. And phospholipids fatty acids (PLFAs) can serve as an important indicator of the viable microorganisms since they
exist in all types of microbial membranes with constant quantity and fast turning-over rate, and they can respond promptly to the
variations in environmental factors. Therefore, the relative simple and valuable PLFAs techniques have been utilized widely to
investigate the characteristics of soil microorganisms.

The conception, nomenclatures, types, and characteristics of PLFAs are introduced in this paper. Different extraction
processes for PLFAs and total soil fatty acid methyl esters ( TSFAMEs) are sketched. At the same time, the comparison of
extraction procedures between PLFAs and TSFAMEs is drawn. The possible problems that are likely to occur during the extraction
processes are discussed in detail. The PLFAs-associated techniques such as the MIDI, GC-MS and HPLC-ESI-MS are also
recommended here for the interpretation of PLFAs implications. In addition, this paper specifies the practical applications of
PLFAs to the studies of soil microbial biomass, microbial communities and microbial metabolic conditions, as well as the effect of

agricultural management on the microbial charactereristics. Some other applications are also summed up, for instantce, ecosystem
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recovery study and  C-labeling technique .

Meanwhile, some limitations by using PLFAs as an indicator are figured out as well. For example, PLFAs can’t be used to
distinguish the specific microbial communities in the native soils clearly in some cases. Nor can they be used to evaluate the fungal
biomass correctly due to the uncertain structures of different microorganisms. PLFAs analysis can do nothing about Archaea either.
Moreover, the results from different PLFAs extraction methods vary significantly and are easily interfered by other organic
compounds in soil matrix. The soil samples for PLFAs analysis must be stored at — 80°C or lyophiled because of oxidation effects.

It is thereby suggested that in order to elucidate clearly the metabolic pathway and the structure of native microbial
consortiums, PLFAs techniques should be employed together with other molecular biological techniques when necessary.

Key words: extraction; application; PLFAs; microorganisms; soil

THEMAEYUAE LB EMEAEREGTE  REYEP CCHNOFMSETREALYBEFANWEES
S5V RAEENMEARSIENRELBEWEEYBREEBER AYRBAEUR L RFRE. BL, B %
MAEMERRFEIEARZL, In“H K0T GBS AR T35 " 52 55 75 4 140 BR i W T 25 BF 5% 88% ~ 99 % IR AL
TEMAEY A REAR A RER M 7“4 DNA X RNA BIAR" A BB X 43 1& (R 558 & DNA,
31 YRR EA AL,

BR,H VBT Y B DA M0 A bl 4, DR A 4R R A W B R AL RS
hFhekssa
1 BEEERE RTER % R MR

B A M BF ST ROIR A, BB AS A PR AE b 1 A W 1R 15 R W B 8 0 AT BT AR
1.1 BERETRAEES SR HEE5EX

HRIERAMBEIEWRA 1000 ZF™ o KIEH ¥ 3R 2155, BeAE 7T 4 20 B4 AS B I 8 (phospholipid fatty
acids, PLFAs) ¥ 5 A5 1 BR (glycolipid fatty acids, GLFAs) 1 7 #: i§ 5 88 (neutral lipid fatty acids, NLFAs), PLFAs
EHAYHRBEITERS  RHEEHSTHE 3 NEEEBRR . HMEENRHRELTE R, KB RE
S BERRAERR S 3, B AR S B AR R R E

P B3 B 4 AR 6 261 BLBE  E RN AR (cis-) B B8 B (tran-) \EEMAN  FROR |2 245 FG 0 2 (5X
WREBREESHIEHHIRPECETFRE ). BHREPEILET BRI B P ES (Faty acid methyl
esters, FAMEs) , BT X A7 4320 : R BB B FAMEs (OHFAMEs) ; B % #: 2 2 L ¥y FAMEs (EL-OHFAMEs); 3k
Bt % 2 BB, FAMEs(NEL-NYFAMEs) ; /8 #1 FAMEs (SAFAMEs) ; B8 R {fif] FAMEs (MUFAMEs) ; B B 2 B
A1 FAMEs (PUFAMEs) ; JE B % 82 A0 #1 FAMEs (UNSFAMEs)"®"™"

AFFE PLFAs EU—RFI CRFHRESHFEFERR. LIN,16:1 ot THHRFH“16 4 CEF/I—1
WEIEERRE ()W 7N CRF/IRAWE ISR LA RAEEE T Ax 25, « RREBRRIE(A)
BRIV E . PRI RME A AR RS RR, IR (cis) - BN -H ZE R M) 5 K R (trans)- (R
M-HEEFM) A HH -5 t+-FE TR ;a-5 - R F B (anteiso)- (FETE C RWE 3 2 C FEF L) FFE-(iso-)
(PELE CRWFE MUKEFEFL) ;- RARAPELHEWMNE ME-BIMBFEFREPREBRARERAE S TRE
W CIRTFE;ey-RETHABRIEN B ;0-5 p-REBRIEWBRA-OH HHIES 2.3 CEFLEY,

PLFAs & JLF- BT A 15 R 40 MR BE i) E A 4%, JA i R e AR R L o 40 P B8 T T o PR A, B B PR 45 49 55 7
RERE MNABRRER, AEREEREY . BEaT & 250 A% &0 B PLFAs B (LB BE AR £h LI %8
EMEYVEER B URBEAFERNEERENR CHERKE MAERRRSHRAENEERTRIFHRIIE
R, ERAEY TR RIENNEFE,PLFAs SHAEYE CURWIE SR (SIR) & ATP &Il 5 ¥ 5184
2+aya", B, PLFAs %2 + S0 Y B ST P AR R ¥ 7 o
1.2 PLFAs IR 5% E
1.2.1 PLFAs B4R PLFAs % ARG EA P . —F R PLFAs (Phospholipid linked-FAME) ¥, Bl 4% 38 53
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AU PEAMERSBR L+ AMAYENR A2ERS AL URBAERBIEAARESLESS
FAMEs"™"! ;35 — b 258 2 B, P 408 15 4R U+ 4 FAMEs(total soil fatty acid methyl esters, TSFAMEs) ¢!

PLFAs 20 RN : 1. % 8g(TH) LT 46mL E45-F BE-BE M AL R BUB (KR HoH 1:2:0.8) IR B ;
2. TERPMABMRES EHE 2ol RESBRS R, TEEHHAEL N, KT;3. IEEREE, KEF
BEAH,HA N, RF 4. B0 tmL FEE-FF R (R H1:1)F 1mL 0.2 mol/L KOH B BEEWK ,37 C/R IR 15min; i
2mL Z# F7K.0.3mL 1 mol/L YKEEBR (I pH EZE ¥ ) .2mL E B 4%, R IEIR S 30s /5 R L2 FAMEs;
5. FEBALRES RN 13:0 5 19:0 FREE R F 16:0 5 24:0 P HEE/ERFE™ ,GC M E . Griffiths ™ 7£
TP EEM A 18 SR AL X IE K i BL B% A5 BE B8 (octadeuterated dilinoleoyl phosphatidylcholine, DDP 8, LPC) it &
PLFAs [l %R,

TSFAMEs 2550 : 1. B 3g 13 (FE), M 3mL 3.75 mol/L NaOH B EE- K (KRR K 1:1),REHRGE
F 80°C/KHFRIR 30min (ML F ISR, G BT R M A MIBEAS LKB T RIFFEBBIMNEE E);2. A 6mL 6
mol/L #5 BR-FF BE (KFHLL R 1:0.85),85 C/AKIBRIB 10 min( FEEFL) ;3. M6mL IEC %t - FETEB (EHEN 1
:1),% FAMEs BB PR ELPLHE ;4. 2500rpm B .0 10min, WEF VA2 N2 KT ,FAMEs B T BIE
E5E/E GC W E , MIDI RAST 7, Drijber™ A , T R F 4244 52 18 0 0 B5L- P BV W AR 0k (O FA ABERE B 22
ESKR T RIE BL FAMEs) 48 BUBE & 52 1 A 2 3 B0 AR B BR , A (E S i vf sth S B + SV (R IAE M B

PLFAs 5 TSFAMEs PR32 BREL R (R R LB IR 1,

3 1 PLFAs 5 TSFAMEs BN ff b g [014.15)
Table 1 Comparison between the PLFAs and TSFAMEs extraction!®-14-1%]

PLFAs TSFAMEs
K KX Orgin and UEBTFHEGARETTHRLRAMEDR FOKATFIREEFNR(RERERRE); KL RHAE
meaning B0 Bt R 7 Coming only from viable cellular #4885 Originating partly from soil stable organic matters (soil humic
membranes; providing information on the present substances and plant roots); providing insight into history of microbial
status of microbial communities in soil communities

PR BT Type of FAs  {XUH ELME R MR, S N Wi %A Only EL- BSOS 5B 3 PLFAs, B N AW 8H, FAs £/bF 14CEL

PLFAs mostly specific for bacteria and Non-ester linked FAs mostly specific for fungi, more FAs < 14 C in
length
%K Precision AR BRI 14% An average CV of nearly 14%  ZE R F¥U3k 40% An average CV of nearly 40%

ion limi Z >3 1.1g + 3 W &£ |
R Dt i o 0y el s BHEEANESBE Long 1 WE RIS RN 550

170mg 13 > 140 mg to obtain a reliable community fingerprint; = 170

obtain a reliable community fingerprint; >1.8 g
mg to obtain reliable total FAs contents

to obtain reliable total FAs contents

ZFEZH W PLFAs WERB R . OFBS M AZEXEE™ , OB R KA pH H. 0ARKES
BRABFHEBRLZ MR EBRBREEE VLR L3, w5 PE B R BB R AL P 15 % (Frostegard A
, P TR AR TR A R B YRV TR PLFAs B R EIERE™); X0, C14 ~ €20 PLFAs 7E8H H
R AR S EA TR ERR RERETEER K. OBBBENBBABIIL“10% HCl R, T
450°CH 4h™ BRTE 400°C T I ERBEAR IS ™ . @RE B L e X B 5K F B AR BB b, R I RT AL ZE
120CHEAL 20 . @B BBUT R 8 RIE (< 35C) R TR

HARIE PLFAs AT 3 , A 38 + B R DL R BRI A B SIS 8B E , URIE R R R Z RS M4 AR
MR EE TREGRRECUIEE, U -0 Ch ERETHRBENEE(ER LN EHBERT
20°C, ] 4°C¥ JEXF PLFAs U 25 R 098 W XE LATORL) . L8R R A B HH R PLFAs WESR . fll0,
Drenovsky“”ﬁﬂ'.:%iﬁ&’/'\ﬁ( <l.1gF+E), NF PLFAs U7 & 8+ S5 A ¥4 sl Ak (JRE 2
T RS R AKE BT REE PLFAs IR0 (S BRI M ERE LS I) ;TS LB RE L (21.8g TLER), A
Al PLFAs 35 M R E R B E (ERE AR B R PLFAs 18 DB, AT RN R R - 004 Yo%
HHKBEMER). '

1.2.2 X PLFAs 4% @ % F MIDI &4t (Microbial Identification System) <, JFiBX #l.(Gas Chromatography-Mass
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Spectrometry, GC-MS) ' I ¥ & BX #1L % 7 3% (High Performance Liquid Chromatography-Electrospray lonization-Mass
Spectrometry , HPLC-ESI-MS) "™ 4 52 PLFAs.

MIDI £ 45 £ D K JA 35 TR 28 I A I 5 A4 AR 1 BR 4R B et 1] O e it %wﬁ(ﬁﬁ*ﬂ&%éﬁ{%%lﬂﬂﬁi
RO — AU, B A3 8 Automated Sherlock ® MIDI #4528, MIDI R4 RBARME B T X — R & L
FRURAMPRERELEYHRIEER,

GC-MS LAGilh i 28 , AT K78 AR A0 R TR o %35 AT IR BUAR L R A #5 78 MIDI R 457 9 FAMEs, B A
HERR B MIDI & S 4180 200 FAMEs W3 EFER 2. B, MIDI R4 5 GC-MS Rl 5 &, HiE UER
F €9 ~ C20 A8 i BR , W J5 & AT R I K F C30 fBRiBR o

HPLC-ESI-MS 7] 4> #7 SE R B A Fh 28 (1R 3k &%) 5 0 W BR M 4% (FE AR R ER) , BB R /m B0 3% (A 40 B AR B AR
SFHRARBHLETEL ., KEART , BIERYFR R E o H LR T AR &S KW %0 5.

2 PLFAs HARZEIRMMEMHARPHER

EE 4T PLFAs B L TR 2 0 B 89 Q74 8 — Bl 4 AR AR EL 3 BRI AN R (5] B8 R P PE BR AR
F PLFAs BIEENZ T AREN ;O ARFERLREFERMOAFIMEYRBEBRIERD, R
THEE R B M AL FAC 42 . B AT, PLFAs £ R B B0 A T 40 58 4l 3 35 3 40 2 b B R0 28 AR AR SR It 0 S AR
I S A B T 43 S Y AR T B I R T S A X R AR T L R S TR
2.1 HEMAEYRMONE

WAEMBRT ARG SEEFREPEEMEDBERMRBEAES. B THREBFETHAEGAARER
REEFE TR EER, AT EMERRTFNRREDENFESS F. EHE LS PLFAs & 8 KECH 100umol/g
F A, Sundh Z00 FH LS SRR 16:108.18: 108 HERF L ER S EE S EN 0.3 ~ 51 x 10°
B/ TR IR K+ . PLFAs 55 SIR Bl % B4R 4 B 22 A1 A9 48 26 R BUTE 0.900 ~ 0.984 Z [A] ; PLFAs 5 & IR 15
MR TR 2 R B AR 26 R BN 0,950 B BE PLFAs & B 5 7Y 048 B Bk Bk ATP 5 M Kt /R 4™ . fEME
BREENE ARMEYERERNARERTTESEWITE PLFAs 5 1 BEMAYRZ M MERARR, AN
MRAENBATEFREHEDEYEH R —ENE .

2.2 TEBEYHEBSEHER ST

WAEMBREERRE L ETEE EAIBRETREY , BTARBEDEBRRERR, BE N5 49 F5
ERRMO2ERE L E T XY, Fib, X585k Wk, H45E B PLFAs M — 8™, 0 C14:0,
C16:0 5% C18:0 JE B TF/E TL R B & LM E MR SIS+, T UE R R S BB A YRR 5 18:
2w6,9.18: 109 & — B N B AW FF A ™ ;115:0.215:0.15:0.i16:0,16: 109 .16 1w7t,i17:0,a17:0,17:0 ,cyl7

10.18: 1o7 0 cy19:0 SR AR RAE S AR HER" ; “F R BRI BRMBE AR R WIILETRRT G/
G R 31 ;s 10ME 4 F &R B 8w fb i R B S 4F B B iR BB AN, K BB R E & F iso-BX anteiso-IE
iR 5 cisA9 NAF E B A MR B ;T C18:1.C11:1 AAEH C-REBFTIFE" 5161 105.18:109.20: 19 F
20:4 AIAE AR EN IR IR BIFHITE Gigaspora rosea BE2EEYE™  HP 16: 15 THFHER AR
MEBE(AM EF) AR (BT AM R4 KEH NLFAs (UFE TSR (AR 7 o) b , JHILeTH 16
:1w5 i) NLFAs/PLFAs bt 3R X 43 B 22 5 277 2 ™7 ) ; cy-RE 7 B2 29 T €5 B ( Achromobacter ) 7 3L BR ¥F B
( Lactobacillus )} 1R #) W
2.3 THEMAEYEBRERSHPIR

B ARZE S I E B SR RIS BRI I ER , T X5 B 0 Fo TR B A B R IR AL A, Ho i, 40
GRERQBETHR:EENARABEEHMZMEE"" . Lukas Z“" A RELMARBPE (0kFEES,
TR BERT VMR BE MK pHESE) £ T, &Kk PLFAs AR fE& K £ TH —F s JLF L BRI
AR R IR RIS B R SR LR B/ R AT A LR AR AN ERRER ST IES AR
FRRE I BRXUR L B 5 . Mazumder 5 L K07 R EARE 1 11% T+ B B 100% BF , Pseudomonas jessenii
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WAt RYIEHIBR 170 IEERA® T 5 1%,

A—NTEERERER YR _ERIE R (DCFA) . B TREBRES < 38 U 25 50 1 B 1 1 24 400 0 2 i B
PLFAs 4% 4 3k %8 2 H1 3 7% B DGFA, (B i DGFAs/PLFAs A] 3% /R 5.1 40 0 /7% 4 B9 L &P, Ingrid £ A%,
NLFAs REERICHFY R (AT XRE L& C MEBS5H1L) , NLFAs/PLFAs HLRBE R B AM EE BB RS,
Olsson "™ RIS P A M, EX PRIKE PAFPERNELIKKESHM 40% (B P UBAHFE
HEMBKRR), B TFEBANBRKRNBEYREREARBETERNE R, L ™ AN PLFAs A B
SIHT T LR SR HE A R BE
24 RHEASREET LEMAYR ZRLHPIR

B, MAEYBEBIERSREZIREREMEDERHEESCS i, BEABLSIBOE KK
YIRS IR WS FRER SR M ENR R R, HBEAL FBUEMNIERR B S 08 368 0k B B4
RERENRINEEBR P CHERKELA. EMAEY PLFAs REVEEFIENELMELEEE R
ERBARBAEIRSIENZL KB LY, Toyota %' PLFAs 745 R0 £ 0 + S04 4 BEVE 45 #0 2 B B8
BHEV A, Wilkinson™ KB B H & PLFAs B RS2 E A, T A5 W AH K . Bossio £ ik B iE#F 57k
BELRBMAEYR KD SEMHN REE, # T8 EL WHBE PLFAs . Clapperton 21 1A% , 8 43| 4975 3h
A3 £ 4 PLFAs & B (358 G RS N,

HYK, i JE &b B8 8 0 PLFAs 4 f. Pankhurst %) @ i PLFAs 72 B, B+ EP S A KEWEE,
Baath 55 Bailey " I\ N, i THRE S EH N LEAR, BHS 5 LA RER LS B L HWEEY
FECINLL BT ERBIFERELE+ENR CEL FEBREPILER L. REEE. Wick™ EH,
Mycobacterium freedriksbergene LBSO1T ) E 4% PLFAs 5405 M IEM A1 PLFAs F0S R FI3F AR 245 AR B BR 19 EL 1) 55
CHRBARYILLGIA . Kie™ 1§53 %4 4 7 %4> (C.N,P.Gle-C, NH,NO,-N . KH, PO,-K) B s &% {4 F + 1%
PLFAs WS A M . 5= GML N P AL M EF AR E ;S5 N.PAEMEL, A C BHREmM T 5%
FHEBHE KD RERET RN EERBE T, T N® P MEAE LW, Bohme % Fig 28 7 PLFAs i
ERASANER,BEVIES NPK EBEN+EREYRFZABRAR, XM ELFITERHA G AFSEHGIE
;08 DeGroodm]%ﬁm,%ﬁﬁ%iﬁﬁi*@g%ug%ﬁ%ﬁio Cookson %[mﬁfﬁiﬁﬂ JEATELER
PLFAs S BB R TZO GBS TE + (LALLM,

RIS, 8E s L S EY PLFAs 40 . Bailey™ % B3 () 30 %1 7 B 0 bt 28 £ (Inhibitors additivity
ratio, IAR) X L, FE A+ MEHFBE +MHPFRTABRE R, Feng £ X B AM KT PLFAs B HLHHE
TER, MATAN B R GF T EASE L EP BN ER- RL EHEFER2FRHENRE L,

2.5 PLFAs At EEYBRE PHINA

A SEEIEABERESENBEEEER N E, REN KN FREESEE SRR ALNET
8B, BT EBMAEY X AR N R, B+ MY RS PLFAs AR AT R BB E R
FABIKAMESR ., B0, Mummey & R B A B 5 405 PLFAs 41 i F B WM 5T 28 4k, o] PR 44 8 &% R R 2
BN e S REMIKE R . Richard 2 AR K8 (Alnus) ERFHESF L BEALEFEMEST G H
ENEROESERNBESNEL ARESRETH L EBEYREIZEZARREERNPW,

2.6 #ric” CBARTE PLFAs 4+ #7 ¥ i 5

BT EYYTAEURREERAR, AN CHCHEEFEVEZER . BEUWLE,"chricfEREE
BHIRTA S CHHEWHRMEY R . FAEE. Sun™ AR" CFRICEARSE M T3t B ARC B2 K B At
BREPEHTEAST, ARG BIE0 AWM EE, Arao™ Al 1-°CEEBREL 5 3% + 3 24h [ R BL, PLFAs
2 AH"” CZ T NLFAs 1 GLFAs, Johnsen ' ¥ " ChritFEMA L HEREE R M I B S HES XML S,
F i B AE MR Y E B (GLFAs LA & PLFAs, Mark &' Fl A CAR B MBEAR KR . ARG (NBEES
BE)WMARIAL (N SEIMEREF)CHEELSS AR L EMA Y& PLFAs #, 3 B + B4 Y PLFAs &
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CCPRBETFHRYBRENN SRS, RER—-FEEH, TREEYTHYRENERREREE A
—FEBER, L EPREEMEY R T RS S Y BRIANER . Malossoa %™ 7E A F” CARC MY B
EHREIESEES MR EEMTAZANERN, BRI 5SEARBF CEEASHR, AeDK
PLFAs WEMEHYABRRETMAE B ETH., BR,CFICEARELEREEBE H SHECRCRIEY
B R, RAHIER T PLFAs BRI R BT,

3 PLFAs iR E

R PLFAs 8] FAR T E 22 10 30 4 , (B 3R 7E B A PN FE R B A

(1) 5 B H A RS P45 B RIS T B R B Bossio 25" 1A, PLFAs Bk BT AR Bt B9 8t %t 4
PR B R M AR AT FTORAI BB AES, Bk, ERREERER SAXSHRWEN
HBAEY T, BB IEHEMBBRAR LY — S BRA SR ARE., B/ FREMHFEHRAOEZEM
WXETFERKTE LR MY RENRWAR™™ . L, 18: 206 BEFAHAE AR 56 BARER
SRR LW B-OHFA AT H 6 B EEREY k", BT, M A PLFAs R i E WA N
B Bh F 20t % —E E D,

(2)PLFAs B S ZHMAINRN T BREBENHC—BRHECEREGC, EMNEELHRHE®RS
HEHI (5 PLFAs B8 5% ~ 10% )™, Baath!™ LK 8, SIR B E 4 4= ¥ B-C 5 5 PLFAs [ 19 i 4 5k i i
AW BT IR EU ) PLFAs RAEE HAB 4 R

(3)FF PLFAs ST HIRERA A B4R 7 Schutter WA , IR R &7 0, ER T R4 BRI,
E U, FESF E &M T 4 PLFAs WA B AT RES R A — S RA HR K. Fob, -S0CH I ELAGHLER N
HZIH o

(4)PLFAs R EMBEEAYERNMAEARAE HB PLFAs 5 S Bk PLFAs S 81 16.5% , ZHE LA
FEE MBI E R IR IR IS RR L BB SARABEAZEAHARANES FETHELRES
SRABRAENERERSERREMLLERR; XE2H TEGARARBSENHLAE T EREREMES R
REEEZR™ ., Bk, FH PLFAs it H W A Y B0 BB 5 PLFAs SEAAR RE 2 BIM SR 28,3
FA oA 7 ¥ HIE

G)MEEMNTERER S HHEERS R EBE (RS BERS8 )™, B 68 PLFAs 3447
R A R
4 LiE

PLFAs E+BBAY P MG Z FREL BRI AERE ST T ERBEEEHRE, B %
MREMHBHAEY T ERENRBSTE™ . BHNAZIMEYSEHE PLFAs T EHEEBESH
W4 MAEY PIF B K PLFAs RIMHE &N, £ Z 5 PLFAs FrE M@ B 455 B M E F & ; R R PLFAs
AN BTENBERERBE,

Bk, 7E 5L A PLFAs BARE LT JLEHB E & : O 4 W53 PLFAs, LIE R 55 2 A R B % &

BT EREHE B OF| Al S PR AR A HR S T AR BMA B , B8 & Fh A BB BT8R (10 PLFAs 5 A RE
NLFAs .GLFAs) Z [F] Si AR iR 5 KM A YRR (BB R BREYHR) 2R ENXE ;OB L C-RYFE K
REMKFERREFESHFEANEIBREBHEER, RAXME, B0 EMEN B SHEFEY L
HBRFETEARR, FRRES HEFXNEYBEUTEFRXAAMNFAREFERBH T MEL,
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