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TheE: R S 7 RAE 8RBT R
TR

SLIG = I AR I R R IR SE 3 A $U4E,  7E DNA-SIP 5 B AR CL 5k
B, AR BT JE SR 7T, 3t PR DI AEIE R, ORI 2
Hh B K I B A

HAT, AT MNP GRETEGKBURL) 52 AR F 5240 fif oz 2 B R 45 7 =X
SRAF ThREAN MU BE B S T RE AN, o e T T AT AR B AR AL B 3 o BT, 24 3L P
FEER. B2, ZRTRPRE, FEMERE, BARMEERR, ZALRIHN
SRR, A KIIMERE . T BT RIR AT, (EHEIE — P AEYE B0
JIE, AR — E R LR X — [

FEZFER AR LR, FAEE SRATEUA— A8, Sbpid e (Filn
16S IRNA) Sk Z B, TiEH IR R v B S8 kdiGildk. AT
fRpIX — v, BHIFN R EE R GC &, BT 143 (i i R AN 7] 1) 2 R
FBUXAT A2, SR, RN R, BARTE— e RRIE Foot B R BOdAT T 4L
HR S RALE BB Mm%, B, Al

FLAE B A, AT Bk BR] 2H v 1) S A% T IR R AR EL A P 1S 5 R AR
(Karlin, 1998; Karlin and Ladunga, 1994). FJHIX—4E, AATA] AT 5T DNA )
IKFiH (Dalevi et al., 2006), B2 AEY) < 18] 1346 9C £ (van Passel et al., 2006),
S DRIT I3 B 445 £ 28 3 5 &% (Mrazek and Karlin, 2007). % F-IRATHIBF 7R3, Hkx
SNy LR FIAE T 7T DK 7 ik D5 4H e B U A B84 82 RO AR AR 0 9326 b o AR B R
NHEFH (binning) (McHardy and Rigoutsos, 2007) . Gregory et.al 25 \i%HL T
Richmond A" Ll {9/~ A5 A B fol 12 7 Y AE PR B & HR A S FH AT T R(Diick
etal., 2009). fHATTRE AR 523 SIFEAT SCEERG AN SN 7, SR o4 26
(¥ DNA B, MM — MR —EERE, THEKEN 2 % 5kb 7511 U R
Wi, UL lbp AB K, METFRE . 8 T T 4R N 48 SR DU A% Fr IR AR
FHEBEAT 702K, RIUFRRHEN T3R8 REBUE I DNA F B R A REF IR
B, AR T EMEAEY, BT HIE KRN DNAEE, SEEAIHEAH
RUFHIX 3 IF. sEAh, TR0 S DNA F BAIERAE Z [ASREcH, &
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AR BEFURL. WK /AR CRISPR oS58 3 7o fH 1) DNA Fr Bi i #
RREFRM IR

H - BATIS T RERE M X e R 4 s AR AEAE SR /KT, Wod s 70 B D e PR DA K
DHRET E M N 4115 S B VUAZ IR RF AL, FATT AT DAAEAR KRE B oK D fig 2 A
5 P B T RERED 70 2R A5 B ARGEEOR, 1K TE Bk T LA S8 45 R SRt 77 3¢
fre R, MARRANTPAFHIThREREF P & H ¥R ult, Rt SBUREHR,
(B, AT AR AT DA% R, 3R BZ T RE L DN (R SRR IR, D9 D RESE A (07 A
BEAC AL A% SR (B TR -

L PN

Dalevi, D., Dubhashi, D., Hermansson, M., 2006. Bayesian classifiers for detecting HGT using
fixed and variable order Markov models of genomic signatures. Bioinformatics 22, 517-522.

Dick, G.J., Andersson, A.F., Baker, B.J., Simmons, S.L., Yelton, A.P., Banfield, J.F., 2009.
Community-wide analysis of microbial genome sequence signatures. Genome Biol 10.

Karlin, S., 1998. Global dinucleotide signatures and analysis of genomic heterogeneity. Curr Opin
Microbiol 1, 598-610.

Karlin, S., Ladunga, 1., 1994. Comparisons of Eukaryotic Genomic Sequences. P Natl Acad Sci
USA 91, 12832-12836.

McHardy, A.C., Rigoutsos, 1., 2007. What's in the mix: phylogenetic classification of metagenome
sequence samples. Curr Opin Microbiol 10, 499-503.

Mrazek, J., Karlin, S., 2007. Distinctive features of large complex virus genomes and proteomes. P
Natl Acad Sci USA 104, 5127-5132.

van Passel, M.W.J., Kuramae, E.E., Luyf, A.C.M., Bart, A., Boekhout, T., 2006. The reach of the

genome signature in prokaryotes. Bmc Evol Biol 6.
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RAPR BB AR BARYIR

Bz

AHVRTR (00) J& KRB E AR, AR, 5855w
WA B ST TR AU BOC RO 122 BC 514 (B,
0C R Al (Bed) , RMisal % # KI5 0C A —E IR RE
It B G RE S KA T B, I AR R AMEX L RE AT BC, R
XK 0C MtFtamr (Bre) , B8 1 ZHi6 0C ARSI . PRI, Inssxt BrC
ORI 70K+ 20 2. H AT Bre R T- B 1 G kR, E4k
E AN S 2R RIS B, ARG DAL J U BrC B AT Bk AT 167 B A 2 28
R

1 ELARIEIEHR

FEIEIE AR B THEOGE S HRACH AR EE 5, WEHE . KR
PGB B . eG4 (Photo—Acoustic Spectroscopy, PAS)
LSRR OGP RON s SRR R R o] ) B £ ' S 38 T 0l 7 s e R
b, FERISOGEE, IFRUBBCRER AT R BT A B A A it MR [ A P A
D6 PR YR FR A 7 A ) A A, DT S5/ S 7 A S 0 B, X R R 09
A A] R A i A% B B R A A AR A, IR RIS B S S . Yuan et
al. (2015) F = ELHI6 M2 %X (Photo—acoustic soot spectrometer,
PASS—3) X Bk = A3 X 4k & Bk 215 (1) BrC #EATRG I, BF 7T & B OC/BC 5 iiciz
B BA4E 30 (Absorption Angstrom Exponent, AAE) FIEAH3E, #HH 0C h&h
S RRL IO G A B () BrC. 24 0C/EC=0 IS} BTt B () AAE AR 4L BC RS F
(1) AAE, FAHS5—MAA BC 1 AAE N 1 R[RD, 7E 32 AN[RITRZE 2 52 1 DX Sk LA
£ 0.8—1. 02 Z[HALZ). BEAT RN, Bre X 42, WX KA
A DX AK T BB B DTRRAE 405nm 23 AR 11.7, 6.3, 12. 1%, 7E 532 BB AN
10.0, 4.1, 5.5%, &SR BC ik /2 LM, 18 Bre WG RE JIFE R
KAEALE B o
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2. HELETIBEEA:

BT PR IR TR 2 1 2 M I AR 3 P 0 o — 2 K PR AR A 7 K
A UTRARURL JE R (R F5 5 B S S  ZE el R 2, PR R AU B AN R A T AR
HAH RO R B b =R IR PR D A 28 i DA 28 A = O AR R R A
JEil (Particle-Soot Absorption Photometer, PASP) , HBf&iX (Aethalometer)
M2 A RSO+ (Multi-Angle Absorption Photometer, MAAP) , RiM#
BT IESO G 5 4G T A 6 G RIS S O R AL

BC 5 BrC #EA MG, X W& 177 32 LU w7y 2

2. 1 MRPEH AAE ANJE]) (— M BC 1 AAE Sy 1) &
T AR R Y BC 5 BrC, FEMRIELLT AR EA &
H H G DTk -

Babs, A= Babs, be, A + Babs, bre, A ( 1)
babsbois _ (E)—AAEM
bebs_bc,l: A2 (2)
4. —AAE
babs.brc)ti — ()“_1) bre
babs.brc,)& A2 (3)

AAE, —f&H 1, 1fi AAE,,. FIARHEIEAFE AN C M e (A A5 5.

Sandradewi et al. (2008) fx 2 ff F I 77 V240 55 1 A& 285 - Hi X AR 0 R %
5 EIE I N0 B o . BE R R B RS Y P/ PV, 5 C AR
HH Y TCM, gy go0e1/ TOM; oo AHSRVE R AT, HARFRFEE 1o PM, AT PM,, 0 X PM1FRI TR
G 88% 5 12%. (A1 —HEM2 M7 R AT S5 1t 2 28 Tk B T AW <
JiR. Favez et al. (2009) F [FIFE )7 2UAh 5 2 [l EE AR AR 1) AR W) i MR et
PM2. 5 FITTRAN 20 10%, Mohr et al. (2013) £ &S VERFIEHE— BG5S
THHE IR P00 BrC IIMOG TTER, S8 DU AN S HE 2R A0 & 0 (0 SR B ey ik
# 90 ng/m" *F#4 15 0A ANF] 0. 5%, {HTE 370nm Xf BrC W Yo {E vTik-F- 335 £ 44 2%,
B BEIR B 29%. EAFVE R 2 F B RROCIAS IR WO (H 75 B AT IR ZE IR IE .

2. 2 BB BrC AERBALHIOE AT AR BE AT, AR BETHE Y BC HIWKEE, &

4
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O BEI 25 BC IO JE 43t BrC IR DTk«

Yang et al. (2009) ] Lik7J7 45 & MBARAC, PASP A EEACINE 1 b [E #&
X35, BC. BrC FIH R RIMOGHBOGIER . 5 950nm 4k iR 4 V5 H T BC,
M BC (¥ 5 B FE A5 31 BC 14k B, B BEPE VD242 BRI 3 0 W e
FORET BC A2, R Mie 47 S5 B B A SRR N B TS R4, 13 1
BRSO, f)E FAIROG R 25 BC A AR AR LG B AT 45 Bre (i
6o BC. BrC FIHZR7E 550nm 1B &MWL R E 4 8 9.5, 0.5 F10.03m’/g, it
B BrC [ FEROE REE A RS 0C A ROBRE I sy, Rk BrC (1
0C fHA W] BEREAICAL o

DL AR 78 RO BC 5 BrC S RGBTk, A Al 51 Bre (1
B, ARKMZENH A ETR 2 BB M ERBOGEE T (MWAAP) 45& & A
f¥] OCEC 43 B 7 VK E 843 17 BrC (Massabo et al., 2013; Massabo et al., 2015a;
Massabo et al., 2015b). #OLILIIE OCEC HIRTHEZRR T BC 4N HAh At
POt SRT OC R4 B WG R 9 BrC U234 BC H il MWAAP AJ DAES 2615
| EC 1 BrC 7£ 632nm BTN AT FIWROGAH , 78 OCEC X L #11Bk BrC £ 632nm HIWL
JGME JE 43 B F1E EC Brwt REFIOGAE , AT B 37 5E L OCEC MIYIHI L, SEHER 145
F BC {{ 152 & BrC, % 5%453%] BrC 7 632nm KRR RECN 7 n'/g, XA
{8 R L HAR TV E R B R 2 .

100% He 90% He-10% O,

12000 )
10000 1 ATNggf O Corrected Split Point
ATN; O Original Split Point
8000 { =
100 / g

Temperature (°C)

Transmittance (T) and FID (A.U.)

:::::

: L 200
_/—/\M 3
6 700 800 900 1000
Time (sec)

=T ——Original splitpoint ---- New split point ——Temperature ~——FID

Fig. 5. Example thermogram showing the original split point — empty square dot (identified by the ATNs value, i.e. non-corrected for BrC presence) and the new split point — empty
round dot (identified by ATN g . i.e. corrected for BrC presence). The new split point is rightmost of the original one leading to a new EC/OC separation.

3. B HTER
FOLIEMRE OCEC I B2 AR P I S S OGS 5 E R AR 155 R B €
DIEI, EEARAZ: (1D 0C ARAMENE.  (2) K 0C BATR EC —Ff
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IO GRE ST . AR BrC RIAFELEXS OCEC I 5E 231 G, 4 T ¥FA% BrC % OCEC
T5E BIFLIE, Chen et al. (2015) BV OCEC 23 BT X, 1 BEAEERIN 43 B
AR 7 AN BE (404, 450, 532, 635, 780, 808, 980) FRIKHX N S5 A3
SHESARME, T B BU R T Bre X OCEC M52 M2, &1k 2 T1%
S OCEC AR B 1 REM S S5 5 I FR AN« FLHIF 78 R AL % K Ak 450nmBrC
Xf OCEC HPIFIFZ M SE W &, S5HE 543 21 EC {1 ELAE 635nm 15 2B H m, 28
1711325 5615 545 20 (14 EC B 80 WA 28 Ab 1 AT B 2 325 SR 1k EC A1 2 i I8t K 4 4 T o4
ECHIRRE 5 Bre AR5 RN, 78 635nmBrC AN BC (AW 27 J5 B 51 iRk e 2 V5
B AN [R5 A B PR AE, e i B AR W B Ao SR RE T RE A 31 46%, HVSER
SRERE 1A E] E AR FAH M BCIREE (BC=tay,, ssm/MAEgs) FRIKTR
AN HAMIERE b 35 5 37 S AR AR IR BCIRBEEABORZ S, X IEH S ERiR
Ze SR ) BrC b2 5 STRRAR N BN — 3. AEAEIBURRRE b, B HHES 5
(%) EC 5 2E/INT- S SFHEAS B ECAH, 32222 K AW SRR RE it o 5 K R AR
W ERHE S, (BERZERAFE B E Z BN,

1.6 1.6
1.4 o) -o=-Measured 1.4 ~o=Measured
1.2 ——BC Fraction 1.2 =—BC Fractit?n
——BrC Fraction ¢ ——BrC Fraction
1 1
< y =323.63x* < y = SE+12x*51
~ 08 Ri=1 = 0.8 R1=1
0.6 - | . Jernyeeos ) 0.6
0.4 Ri=1 2 0.4
y = 82.359x?
0.2 0.2 Ri=1
0 T 0 T :
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Wavelength A (nm) Wavelength A (nm)

(a) (b)

Figure S5. Decomposition of measured absorption optical depth (z,,) from (a) Fresno ambient
and (b) Reno wildfire samples into the BC and BrC contributions based on their distinct spectral
dependence of light absorption. See text for details.

H 3 A YBCE AN TR, BT LA IS 28 7 A BrC i U5 202 A
[ A A PR ¥ 7 A B OCHE BE — 2B I AT i AR AE VR R R BrC U PR B, X TR Ce 15 21
TTHZ PRI RIS o BeAh, SEAT W U BT A B0 BRI 90 Y6 6 T R 2
LA YL B IBCSBrC. BCRSEIOLYII, (H2 X8 IEotRE /1A b
J BRI LB RE 0 2 Y 5R30750%, IR AR & A HLIA RN, A EEAERC LAY
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BT A AR, S5 S AiBCRIR R, € & R B 2 FHECHR Y AN 5 78
TR AN TR AT 43 )0 5 76 6 15nmAT 404nm ¥ ' FE 25 AR BC 5 BrO iy W e
(Wonaschiitz et al., 2009).

sample port

current source
sample holder 23A

duffusor

'\ haloqen lamp
\ iris stop

interference filter (450, 550 and 650 nm)

laser diode (405 nm)

diffusor

power supply 5V diffusor

photodetector

display

FIGURE 1. Setup of integrating sphere ph

gi bpng, WE BrC MR MR, FEES A AR, ERsRDZMIT%
[EIRIXT LG, Al RAE LR 5 TR L, At — BRI T

BJa, EFH—EERRK T HRE,
TR, XEEZZ!

L PN

Chen, L.-W., Chow, J., Wang, X., Robles, J., Sumlin, B., Lowenthal, D., Zimmermann, R., Watson,
J., 2015. Multi-wavelength optical measurement to enhance thermal/optical analysis for
carbonaceous aerosol. Atmospheric Measurement Techniques 8, 451-461.

Favez, O., Cachier, H., Sciare, J., Sarda-Esteve, R., Martinon, L., 2009. Evidence for a significant
contribution of wood burning aerosols to PM 2.5 during the winter season in Paris, France.
Atmospheric Environment 43, 3640-3644.

Massabo, D., Bernardoni, V., Bove, M.C., Brunengo, A., Cuccia, E., Piazzalunga, A., Prati, P.,
Valli, G., Vecchi, R., 2013. A multi-wavelength optical set-up for the characterization of
carbonaceous particulate matter. Journal of Aerosol Science 60, 34-46.

Massabo, D., Caponi, L., Bernardoni, V., Bove, M., Brotto, P., Calzolai, G., Cassola, F., Chiari, M.,
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Fedi, M., Fermo, P., 2015a. Multi-wavelength optical determination of black and brown carbon in
atmospheric aerosols. Atmospheric Environment 108, 1-12.

Massabo, D., Caponi, L., Bernardoni, V., Bove, M.C., Brotto, P., Calzolai, G., Cassola, F., Chiari,
M., Fedi, M.E., Fermo, P., 2015b. Multi-wavelength optical determination of black and brown
carbon in atmospheric aerosols. Atmospheric Environment 108, 1-12.

Mohr, C., Lopez-Hilfiker, F.D., Zotter, P., Prévot, A.S., Xu, L., Ng, N.L., Herndon, S.C., Williams,
L.R., Franklin, J.P., Zahniser, M.S., 2013. Contribution of nitrated phenols to wood burning brown
carbon light absorption in Detling, United Kingdom during winter time. Environmental science &
technology 47, 6316-6324.

Sandradewi, J., Prevot, A.S., Szidat, S., Perron, N., Alfarra, M.R., Lanz, V.A., Weingartner, E.,
Baltensperger, U., 2008. Using aerosol light absorption measurements for the quantitative
determination of wood burning and traffic emission contributions to particulate matter.
Environmental science & technology 42, 3316-3323.

Wonaschiitz, A., Hitzenberger, R., Bauer, H., Pouresmaeil, P.,Klatzer, B., Caseiro, A., Puxbaum,
H., 2009. Application of the integrating sphere method to separate the contributions of brown and
black carbon in atmospheric aerosols. Environmental science & technology 43, 1141-1146.

Yang, M., Howell, S., Zhuang, J., Huebert, B., 2009. Attribution of aerosol light absorption to
black carbon, brown carbon, and dust in China—interpretations of atmospheric measurements
during EAST-AIRE. Atmospheric Chemistry and Physics 9, 2035-2050.

Yuan, J.-F., Huang, X.-F., Cao, L.-M., Cui, J., Zhu, Q., Huang, C.-N., Lan, Z.-J., He, L.-Y., 2015.

Light absorption of brown carbon aerosol in the PRD region of China. Atmospheric Chemistry
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IERERBE RSB RIFEMNTH 0C K EC EERIR
—— B AL R E MR GR

X7

RAFRLYIPI I 2006 43 B30T 25 SR = 205 36w, i T HRIE iz,
ST FEYR T R AURURLY (14 K5 B 25 RV o7 LA, P B BRATRL 27t s — A
e T R A R GERE, 2008). b, B KAUBURI R BRI L
FIEEEEIORZ—, EEREUAHH (OC) FEM (EC) JEAXAFIE. Chen
W R BV RURLY) (TSP A 81.9% 1) OC #1 84.9% 1] EC £ H T Hif1%2<2.5um
PIER A, A =T 93%1) OC Fl EC 4 7ERIAZE<10pm FIRUR 4 H (Chih-Chung
etal., 1997). JH/NEREENBFFET M T 7578 X 4 Z= B RS BURLIAE St 3= B OC
EC T ELAE TR T, 2006). KA 40K T4 OC F1 EC /2 BLA 1
RV, BIR R AT R AR 4RI T 7 OC Al EC AT e A e &b, il
ok £ B 42 ) R FSOER SV R L ER T AR o JRAAEATT 2 AR KA b ] 3 N HERGE B
(Emission Inventory) - PATG SN R #UE AL (Diffusion Model) F1LATS
Ge[X I AR G52 R (Receptor Model) =Ffi(FEME, 2008). Hrf, 3 Hu#
RT3 F3E 5 YR TT AL, ORI 0D T2 R R R TR, DLRIALE K
SRR T BRI I% S BRI S AL IR S BRI SO USRI, BRI T L
BRI LT3, 2012)0 FRIMAR SCHE RUBCEE T HETSUE SAOFI 2 A8 1o HEK
T P T T ORI AT AU K AU A (R IS HE TSR HESCRAAE S HE SO R o A0 55,
SEHN AL ARG SRR = A VR HE R T, DAk AR A BRI AN E 1 I,
2008). {7l Street 55 NI AR WHL X HEGE . (TRACE-P) 5 H.45 H 1+ E X
2000 “FInE M (BC) FAEHLER (BC) MHEK(G et al., 2001). SZAARRIALLLYE JLX
AN G, IR TR T HE O 32 A TR, 80 R RS R IR AT 43
s BTG GRS R I TR AE LR AL 4, 2012) . SZARRIAY 3 ZEALHE B U
P WELE . =2, PR R BN, TR T T ik
(CMB) . —HJEAENTIE BTk (FA) FVE £ K 7% (BF) S5(ZE0, 2015).
B Z ) METE N S SRR TR AR A 2 L RBR I . A& 2 B X R E G N2
i, RS YR A H IR AT AT SR S —JE  A  TkE. JE

9
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T LARS B AT THEI S e 7 I — Hh DXCE AR AN Gl A CRINEFI AR
B2 & B DR TR 20 A H &P AS [F) 2035 LA X DTk Ik 8 b R, e fiic e e 1k
BT RS, 2008). BRIk, T2 A AT T 2R A CMB Fl FA VX 4HL 1
t OC 1 EC HEAT B PERE &0 . o FA V2 AR RS AL S Fl ke 5%
K&, WHIHMNBE AR T, THEB T8, 8B 780 DL SRR R B
HEWTIE 25, AR PMF. PCA. ME2. UNMIX 28 /735K, 2015). H
H, PMF 2% I UEAR T HoR o 5RIEH 45 N DL3E [V ARE 22 KR ) PM2.5 Jdb
TR A NIEIEF &, PR T USRI ROR CMB-El. CMB—LGO.
CMB—MM. PMF. PMF-new. CMAQ. Ensemble model F4¥F s DL K& FH M (5K
i, 2015).

BRI AN, TR A R, I Bk BT R IR b EC BITECH 1 14C, BEAR
T X 3 A0 BRI Bl A A SRR PRI YRR . A SOR I R FHURTH 5. CMB.
PMF JEAEBTHE AR ST 20 JUASI T K SRR & 45 BIHEBUS O, BAE SR
BB S HBRAY) H OC. EC HEBUE L.

L PN

Chih-Chung, L., Shi-Hu, L., Shui-Jen, C., Wei-Jain, J., 1997. Particle size distribution of aerosol
carbons in ambient air. Environment International, 475-488.

G, S.D., Bo, Y., Shalini, G., Q, WM., C, B.T., T, W.S., 2001. Black carbon emissions in China.
Atmospheric Environment, 4281-4296.

5, HEE, PR, 2006, AFRRAR KRR AN (OC) RTEHEK (EC) K7,
IR A FT, 104-108.

FMG, Gk, 2008. T RSB PR B TR, B SR, 130-133.

28, 5Kak, 2015 KRR EOR. BIRTTA 5K, 193-194.

LT, 2012, KAAMBRAY PM25 HOURMENTHOR. REVR S EREE, 46-49.

SRITAT, 5K, %55, 2015 PM2.S IRMEMTTIARI U S VIR, BHE#IEIR, 109-121.

10
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RE ARG EERI TESH TR

FHE

E T REZW IR (HWM-PAHs) /&—28H 4 A8 4 DNRLEZRIR LR IR
BRI BRI B o 81 53 T 2 0057 JR IR SR I I 7K I DA S i g 1k
NG AEIEE, 5 T1E BRI S BAIFRE AMAFLE (Peng et al., 2008).

WK, KT B2 5 RAE B h G e i A VR — BRI 4 o
B AR 23 RGN, AN AT R VRS SRS, AR R o TR 2 IR0 R
HOBIEF AR SR, B 1A R FH 43106 040 20 AR Re 5 B A SR g, X o T
B 2T % BA BRI MRAS /) (Harms et al., 2011) . 7E I3RS TREZITS
TR PRI R b, B0 43 1 LA/ [ 4 B S P AR P PR B S BB AR EL, BB 5 T I
d B IR TS G o AR U R AR P S B A S TR LG, A T RIS
VEF AR AT R, 5 Tt — P A R AR (Johnsen et al., 2005) . FLIH B2
A A I B 8 27 3 3R o 3 s e JE L, 7R 5 R S Y R
LA B 2200 REAE RIS il , B HA BEARS B DI Re M AE Y B RS 3. 2 R
TS YN, B R ARBUR (Kohlmeier et al., 2005). Kotterman {ii ] [ &
[# Bjerkandera sp. BOSH5 Fl LA MBE A FEME “C Arid 2RI (a) B8, KIN
Bjerkandera sp. BOS55 FLBMILFRIN, £ 15 RN AREME 82% 12 3F (a) BB, H
& WA DB, K LUKEERE R AGEE. MANERG, 2F
(a) T BB LR 13, 5% ETHE 34%, [FINF C FRic AR AR = M 61%
%% 16% (Kotterman et al., 1998) . Boonchan 2 A FIHF 7T tH W1 %2 31 4 [F] ) 45
B, POMAETCHLER R RN A K ELE P, janthinellum VUO 10, 201 ASBEF]H
&S TREZHITR, (H2 I AGHEE B R VUN 10, 009 #1 VON 10, 010 J5, &
1% 5% C ARIL AR I (a) BEAEE H WA A CO, (Boonchan et al., 2000) .

AL R I R i TR 2 IO R AR, BN TR S 1R T R
M2 3005 5, SR R BE s A 2 AR AR 2o ECB A L 5e 204k
TS, R L 5 A0 B B PR IE R TE, Feff e o T B 2 305 R iR AR
WP TR R G4 (Morelli et al., 2013) . 7FELEE 540 B4 3 72 B4 iR
m T REZW RN, ARG R R B A AR BB AR, JE R
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T ARVE RGN, XA B I B 78 AU 4R TE (Schmidt et al., 2010). Borras
FEF B Trametes versicolor F Irpex lacteus EWMEE 23875 1 is g + 1%
R T R, X T IR S TR 20T, ORI R ETE. g0
B Bl [ P f#AE F (Borras et al., 2010) .

gi BRIk, HW S AEKE TR B E N m TR 2y R Je I
PIEE AR, TEHEAT IR AEYME T RS AR T 3RAT % B R D5 e G S
AU B B4, i HAT AR L R AR A = Y R D R 4l v B A, AT
HIA S LAY Z 1R AE BAE DL 2 AR S2 bR S 2B w71
EE22 i S ST NP

SR

Boonchan, S., Britz, M.L., Stanley, G.A., 2000. Degradation and mineralization of
high-molecular-weight polycyclic aromatic hydrocarbons by defined fungal-bacterial cocultures.
Appl Environ Microb 66, 1007-1019.

Borras, E., Caminal, G., Sarra, M., Novotny, C., 2010. Effect of soil bacteria on the ability of
polycyclic aromatic hydrocarbons (PAHs) removal by Trametes versicolor and Irpex lacteus from
contaminated soil. Soil Biology and Biochemistry 42, 2087-2093.

Harms, H., Schlosser, D., Wick, L.Y., 2011. Untapped potential: exploiting fungi in
bioremediation of hazardous chemicals. Nature reviews. Microbiology 9, 177-192.

Johnsen, A.R., Wick, L.Y., Harms, H., 2005. Principles of microbial PAH-degradation in soil.
Environmental pollution 133, 71-84.

Kohlmeier, S., Smits, T.H.M., Ford, R.M., Keel, C., Harms, H., Wick, L.Y., 2005. Taking the
fungal highway: Mobilization of pollutant-degrading bacteria by fungi. Environmental science &
technology 39, 4640-4646.

Kotterman, M.J.J., Vis, E.H., Field, J.A., 1998. Successive mineralization and detoxification of
benzo[a]pyrene by the white rot fungus Bjerkandera sp. strain BOS55 and indigenous microflora.
Appl Environ Microb 64, 2853-2858.

Morelli, LS., Saparrat, M.C.N., Del Panno, M.T., Coppotelli, B.M., Arrambari, A., 2013.
Bioremediation of PAH-Contaminated Soil by Fungi, Fungi as Bioremediators. Springer, pp.

12



B 2016510 #AM

159-179.

Peng, R.H., Xiong, A.S., Xue, Y., Fu, X.Y., Gao, F., Zhao, W., Tian, Y.S., Yao, Q.H., 2008.
Microbial biodegradation of polyaromatic hydrocarbons. Fems Microbiol Rev 32, 927-955.
Schmidt, S.N., Christensen, J.H., Johnsen, A.R., 2010. Fungal PAH-Metabolites Resist

Mineralization by Soil Microorganisms. Environmental science & technology 44, 1677-1682.

13



Rk IR ORE ) 2 B R 4

L3y
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BHOYEL M A JOE YRR, AT S EOBRLIRETE . SRR, B AL
185 i S 2 VT AR BRI O 1258, 2001) 0 Forb, R R URL 1 RS A
J5R 25 A Ry BRI 435 4 RGER IS 1 (superparamagnetic)(Lu et al., 2007).

TESRBEPEM R, B FARE I 3SR B . RS ) S PERE L IR RIS RS Rl AR
BIGETER, R APRHERON B4 5y Buvr 2 R RN HES (8 KAL) /N X
S, RGN A PR O AN . BEWE TR DR AR DA S AR BRI R Y ) 7 2
PTG SR (VF IR A2, 2010)0 RETE KRR /N T B SRR, #
W5 ¥ (domain wall) JJT 75 ) RE F K T 4ERp BN TEBE BT 75 IO A RE 00T 22 T s R
G5 o SRR RORAERGAGIS , BT R A e RE , R Reidid oo A ey il
AR NS, DRI A S e 1 (Iwaki et al., 2003).

R, BT RSEAN, KOKPRAR T SRR REHE BOME S5 7 S e A5 1) S 1k g 5 A
REQZ DR R AU, FABE K TR 10) SR, ORL I kA 7 1) P B AR 4K
(Lisa Tauxe et al., 2010), IX—IFREBIG FURES N 7] LR IE A

ksT = K,V 0

(D", 4 Boltzmann # 4, T A, A&RFEEE, vV NBRAR. H1)
A, VRN, B AR, AREAEO K TR ) R RE, n IR
5] 57 R 22, J5LAR T Tn] — S5 AR A IS T HERS S8 e A BB LR S o S it gk
IURL (AR /N T — 2 B TR I R IR o LAt P8 (7] (relaxating time) A 7~ Ky
#1530 (Sorensen C. M., 2001):

KeffV
T =T5e kBT )

(2)7, 4y Boltzmann %%, Q)T 1, HPRARI V /0N, 5T [A] AT A 2]
JERG/INRUBE, UKL AT E 25 T8 B I A% O gV 40 77 [ 1R, DR T Al oA o
Tt (hysteresis) L %

BT RN, @R BoRE (i 2R 10 574805 SR T8z LE 2RISR . il 0 ar Ty
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A, )P i 90 K AT P 28 T S0 7T %o Rk A K ST 2 THT AT T e AL A

BHE R

AT GURPPRHRRE S LR . K225, 2001, 16(2), 39-42.

YRR, GRIRM, k. AR VAR S R B, REVEM R L35 1F, 2010(4),1-4

Batlle, X., Labarta, A., 2002. Finite-size effects in fine particles: magnetic and transport properties.
J Phys D Appl Phys 35, R15-R42.

Iwaki, T., Kakihara, Y., Toda, T., Abdullah, M., Okuyama, K., 2003. Preparation of high coercivity
magnetic FePt nanoparticles by liquid process. J Appl Phys 94, 6807-6811.

Lisa Tauxe, Robert F. Butler, Rob Van der Voo, Subir K. Banerjee., 2010. Essentials of
Paleomagnetism, Chapter 4. University of California Press.

Lu, A.H., Salabas, E.L., Schuth, F., 2007. Magnetic nanoparticles: Synthesis, protection,
functionalization, and application. Angew Chem Int Edit 46, 1222-1244.

Sorensen, C.M., 2001. Magnetism in Nanoscale Materials in Chemistry (Ed.: K. J. Klabunde),

Wiley-Interscience Publication, New York.

15



#YE 201651 0 #Hhi

M R REEIE

oI

>

ISR G B e B R T e iR T Bk,
1713 A HIE 40 B 5 7 (R B B T R S B 1 A

AT, 40 B8 1) 5 28 % 58 258 Fl 2 419 289 « 2 40452 (Polyphasic taxonomy)
72 Colwell T~ 1968 “FH tH LS. BRIESA GMAEMZMARGE, BfmEM
RAAE ARBRAEAARRIE . 2 AR S 5%, JEARYE BT SR AR EAT SR 28 0 H7
LA AU oy R R GUGIE T o 224 3 28 77V e i B 2 0 b s Bk s A
MRGEHNR R, BN T I AL A BT
1 G HKTTE
2 o3 R F i A RFAE R 58 A R 3 2RI — b 752 AR 43 b i
MR AU IE G T AR IE . BERARAE . AR B AEARARAE . AN AR T S E FE A5 -
HRTEAR, MRS, EahtE, HEAE (4. B4 madD , FRpR
B B 308D , FMAE (hAERmA, siERImAE) , EE R E (B
Peo B, PRSI BRI IR, B GBRIEFIHSE) , AR (MR SE5
VP SEEGSE) o BT SIS A 2 BRG], AR G 1A £ B R ARE R AR IE R 7 2R
RAVFFAE ESRARENS Ul BB (] 1SR 0 R, (R B 2 ATV S AR P A AR
WA OC RN LA . R AVRRAE 2 i i F LR B 40 B o b, B2 M ATgu i
G B

\

2 gy

Ty 200 3 B A AN B 1) A0 M B Ah 2 iy, LRI . RE 2 HE. &3t
BRAE AT 0 AT, AR ZR AL AT, AR M b XS I B 20 AT A LTS I R 4
F AR BERR NG Loy S5 R AT 73 4, WA DA RSO 1 . kAl
JR R T AR (Collins et al., 1977; Tamaoka, 1986; Schleifer 1985; Minnikin et
al., 1977) .
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3 TRk

BEERFABOR IR R, A 15 BT AL 50 AR R F4r 95, n 168
rRNA JFHIMF. PCR Hi K. DNA-DNA 2438, G+C mol % %45,

RABEFER S (PCR) J&— T T8ORY B Re & 10 it SR WE A% IR 1 BUI) 43
THEYZFHAR, PCR RKFE 52 Re 8 RE BT 1474 & DNA. FERAR ANTP.
B DNA. Taq DNA ZEGEEMGIMAFAER AT, S iRtk IGHRIE KA
HIRE X 3 AN B, RIEEERX G (25~30 MEH) o PCR LA 76 B
J T BRI, f BRI 7 VR R SO R BB K . BT X R VA TR
ST, WA TR PCR RNV RS RINMFE 2%, HAT, PCR B AR T
MW RGO RFHAAE o EEE - sk IS FBO I 52 520 58 &
PCR BEACKI T RIE F AT B RS0 2K, EAMCHPE . R, BURmRe s,
B BRSO AT i HEAT A 1 E

16S rRNA %58 R 5 R AN 16S tDNA 553 7 15 i a3 AT %558 , 5
R — MG 2L A 41 DNA $2HL. PCR ¥4, PCR F=#4litk. DNA MF. 5
FILLXT SR, 2 —FhRe e IR AF A A8 15 BT 5. T 418 16S IRNA
Gy ¥ B B B OR ST (R PP B X8, SO v BE R s A s BE AR I PP 9 X 3, L
HAR R SZ IR AE IR, I 16S rRNA %858 # M0 AR AT R 50 2K
5 B S — i 1 T H . [HBk, 168 rRNA 581N Fe Je 3o M 72 40 8
(V) 22 48 43 A 5 77 T 1) S FH B A S A

DNA-DNA Z4%¢ (Wilkens et al., 2003) & it — -4 DR IVIH R & e Sk 1
FHAR, BAEREE. TR 5 . DNA-DNA 24388 AR5 38 H - Fhk
SRR R GE, EAURT LUK TR RR B 6 S BRIl B AURAIE 22 S B
LA VATX 3 (0 B AR SR AL P S K0 0 s Ak AR [RIIN 3 e AT R AE IE HAth 73 2R T VAR %
FE R R IR 25 R . MRS 1987 4 s R G141 16 722 i 25 (ICSB) 7€ , DNA
FIVEIEAS N T 60 % NLHE R TR, DNA RIVETE KT 70% g fa]— T, [EIE
1E 20~60% Z [A13 7~ A A @A [ Fh . 5 PIAR R 19 16S tRNA AHLEE KT 99%,
Ytk DNA 258 BN KT 70%, 165 RIZKF B ] PLE IX ik B R R]—Fif
Y. K, FEZNEE RS H, DNA-DNA 2258 BRI 2 @S 3
VBRI — o B TR [ M A8 i WA S M 2R L R R AR A IR 145
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G+C mol % 73 W /& 40 T 43 28 %2 58 BIFE AR Tk o &AM B B o ) i 44 A 3
W23 FEALL A — T AN TT /D 1 43 RS e Fab, T F T AR IR C 4 € IR
RGP RK R IEH . Jetfk DNA HEH A Gy Co T DURPBREE, —kit,
PN IR G+C S EZERASHIT 4%, BHNEFEHAZEA LSBT 10%. 2
FFR G+C & B KR AITE 33-65% « IE HITTIEB AVUENTIE . 718 Bk V8
PEIR B ( Tm) (Gonzalez et al., 2002). 5 BORAR (it 545,

ZHNREEMEDNZFAREE, OFERBRHE. EEANEE, /T4
Yy2E % e 5, JERRAE BT AR I BIR AT R KT, LA AUMAE Y 4 R R Gt
Wi, HET, bR G 5r RR L H 2 K 2 A0 0258 U .

PN
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Predicting taxonomic and functional structure of

microbial community
Yingtao Sun

Microbes are the most diversity organisms and play a critical role in soil
environment(Fierer and Jackson, 2006). Understanding the interactions between the
microbe and the environment is an essential goal in microbial ecology Larsen et al.
(2012b). However, to obtain the microbial diversity data across enough samples,
which can harbor thousands of taxa, at the spatiotemporal resolution are prohibitively
expensive and could be a daunting task. The enormous advances in high-throughput
DNA sequencing and bioinformatics tools have now made it tractable to build a more
comprehensive understanding the interaction between the microbial biogeographic
distributions and environment by combining environmental data and molecular
analyses to generate a predictive model (Bokulich et al., 2014; Fierer and Ladau, 2012;
King et al., 2010; Ladau et al., 2013; Larsen et al., 2012a; Szabo et al., 2013).
Researchers have established the model to predict the relative abundance of the
microbe that response to environmental changes and biogeochemical cycling, with
only limited characterization of the environment (Fierer et al., 2013; Florin et al.,
2011; Ladau et al., 2013; Larsen et al., 2012a; Toseland et al., 2013). The mainly
community distribution models are the Microbial Assemblage Prediction (MAP)
(Larsen et al., 2012b) and Predicted Relative Metabolic Turnover (PRMT)(Fierer and
Ladau, 2012). Here, by summarizing the basic concepts and recent developments of
the predictive model, we hope that these predictive models could be used to help

direct efficient sampling and predict microbial mediated biogeochemical processes.

1. Predictive model
1.1 Microbial Assemblage Prediction (MAP)
Microbial Assemblage Prediction (MAP) generates the artificial neural network

(ANN) that represents microbial community structure in terms of mathematical
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equations that best explain the data, and uses it to predict the relative abundance of
microbe in spatiotemporal scale(Larsen et al., 2012a). The model is based on two key
hypotheses: that microbe community patterns could be described as networks of
interactions with environmental conditions (Barberan et al., 2012; Gilbert et al., 2012;
Steele et al., 2011), and that the ecosystem maintains a persistent microbial
community (Caporaso et al., 2012).

To build the model, it is necessary to have microbial community data from a
large number of sites or from many time points at a single site. Second, it is necessary
to have solid data on environmental characteristics that may impact the communities.
However, most current methods cannot incorporate biotic interactions into predictive
models (Guisan and Thuiller, 2005), and very few studies have included these
interactions(Elith and Leathwick, 2009). Therefore, a bioclimatic modeling approach
may leverage artificial neural networks to predict microbial community structure as

a function of environmental parameters and microbial interactions.

1.2 Microbial Relative Metabolic Potential (PRMT)

Going beyond predictions of the membership of microbial communities, to
predict their functions, has been an elusive goal. However, physical, chemical and
biological data collected provide a unique opportunity to generate and validate
microbial community distribution models(Fierer and Ladau, 2012) that can predict
microbial relative metabolic potential (PRMT).

PRMT, validated against observations in marine ecosystem(Fierer and Ladau,
2012), is a translation tool that uses the changing relative abundance of functional
genes in metagenomic data, or functional transcripts in metatranscriptomic data,
between samples to predict the changing capacity of that community to consume or
generate metabolites, for example, CO2, NO3, NH4, CH4 and so on (Larsen et al.,
2011; Mason et al., 2014; Scott et al., 2014). Community structure is used to predict
the community metagenome (as the relative abundance of unique enzyme activities,
using a technique similar to PiICRUST(Langille et al., 2013), which is translated,
using PRMT, into the relative capacity of the community to consume or generate
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different metabolites.

Larsen et al. (2015) firstly combined MAP and PRMT approaches to generate a
system-scale model of marine microbial metabolism over broad spatial and temporal
scales in the Western English Chanel, and found that the predictive models were
highly correlated with their observations. Though the PRMT scores and the
correlation should in no way be used to infer true metabolic dynamics, the PRMT
scores of all metabolites can be used to explore interesting extrapolated dynamics
across a region and through time. With recent efforts in microbial niche modeling
showing promise in extrapolating microbial community structure across the global
ocean (Ladau et al., 2013) and continental soils (Fierer et al., 2013), it is possible that
such models could also help to extrapolate metabolic potential across similar scales.
However, PRMT is limited to genes that can be annotated to known enzyme activities,
and the attribution of these functions to known taxa is limited to the level of bacterial

Order(Larsen et al., 2015).
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HI T R 2R RN K /)y, DR 3E R FH DA R TR X
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o 1984 4F, Tully % AHHBOGCMRBEOETE R 2OCHEARNE T R RIRCRER
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Arrhenius A JFH F1H5 KIEs.

*[«OH]<< [hydrocarbon], 2% H M5 JEF btk R NG — 230 /1%,
HIF

[*OH]=[*OH]o * exp(-(kuc[HC]+ka)t)= [*OH]o * exp(-kt)

K O A0 — 2R 3D 705 S B A R (B T R IR R O DR ) s

kuc: *OH 58053 1 S5 38 28 54

[HC]: JEMIHREE

ka: *OH J8/b HE 2 HH CEH T RNk 8i-OH 515 5t P A4 B OB
DL K AHCTHIEAE A, (8 m AR FL R R 545 2 kuce 731 BA knc 1 1000/T
AR AN AR EAT ], R B AT A etk die /D — AT A, RN ke
A LAFMEIE ) Arrhenius 24 s0EETRIE, B 1.

1.2.%t 5+0H IR v

k)
OH + C2H6 = H20 + C2H5 (l)
k: Hzo + HzCCD3
OH + H,CCD, — (2)
HDO + H,CCD,
k
OH + C,Dy — HDO + C,D; (3)
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k\(T) = (8.51 X 1071%) 729 exp(-855 cal mol™ /RT)
ky(T) = (7.65 X 1071°) 7?38 exp(-817 cal mol™' /RT)
ki(T) = (2.43 X 107'%) 7236 exp(-1317 cal mol™' /RT)

i LA ka/ks A1 1000/T 1518, FExf Bl #h47 fe /b ikl &, .
KIEs=ku/kp= ki/ks=exp AE¢/RT,

HHPAE= (Eo'“Ee®) gop- (Eo'-Ee®) uus

Eo: RN 1 RN 3 H R SN I A 25 H 1) 22 A RR B R B
2. e «OH 1 v

-4

2 H20 CH2CH2CH3
OH + CH3zCHCHy — (1)
H,0 CH3CHCHsx

-+

f
ka H20 + CHCD2CH3
OH + CHzCDCHz — 4 (2)

[HDO + CH3CDCH3

(Hz0 + CHzCH2CD3
OH + CH3CHz2CDs —— (H20 CHsCHCD3 (3)
\HDO + CH3CH2CD2

-+

b (H20 + CH2CD2CD3
OH + CHsCDaCD3 — ({(HDO + CHaCDCD3 (4)
\HDO + CH3CD2CD2

"

&g HDO + CD2CH,CD3

OH + CD3zCHCDz —— {5)
H20 + CD3CHCD3

ke HDO + CD2CD2CDs
OH + CD3CD,CD3 — (6)
HDO + CD3zCDCDs
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ki(T) = 1.04 X 10717172 exp(-288 cal mol™' /RT)
ko(T) = 2.02 X 10716T"63 exp(-762 cal mol™' /RT)
ky(T) = 2.26 X 107177 exp(-79 cal mol™' /RT)
ky(T) = 2.59 X 107779 exp(—602 cal mol™! /RT)
ko(T) = 1.03 X 10717729 exp(~46 cal mol™' /RT)
ke(T) = 2.36 X 107197233 exp(-29 cal mol™! /RT)

3.E T %t 5OH HI M
xv, \H,O + H,C(CH,),CH;,
H,0 + H,CCHCH,CH,
+, (HDO + D,C(CD,),CD;
HDO + D,CCDCD,CD,

2ky3(T) = (1.20 X 1076) 7164 exp(+247 cal mol™ /RT)
2kpS(T) = (1.49 X 107'8) 7224 exp(+300 cal mol™! /RT)
2kyP(T) = (6.86 X 1071) 7173 exp(~753 cal mol™' /RT)
2kpP(T) = (6.78 X 10717)T"'73 exp(-1659 cal mol™! /RT)

4 IR FEANFR CUbE

OH + ¢-CsH g 8 H,0 + ¢-CsHy (1)
OH + ¢-CsDy, = HDO + ¢-CsDy (2)
u]s (T es - PR T e 3)
OH + ¢-C¢D,, i 4 HDO + ¢-C,D,, 4)

ki(T)=6.04 )X 10'6T"52exp(+220cal mol"/RT)cm? molecule! s-!
k2(T)=4.50 X 10"°T 2 exp(-511cal mol'/RT)cm? molecule! s™!
k3(T)=1.09 )X 10"5T"4’exp(+249cal mol"/RT)cm? molecule! s-!
ka(T)=3.48 XX 10T -62exp(-112cal mol'/RT)cm? molecule! s™!
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R IRBI R RS (1) TR R IR 5 H BT 2R AN E P 2 B2 2 KTEs
k5, () ZEdER B NTRURN, R A RS2 AR
32 (R 3R P VL TR A0 52 B2, ASBE S B SR 25 N X 28 S M R P AR R [R] 6 3R
s (3) I I I B 2 X e BT A H HOR T 5 KIEs A B0GE FH 1Rz 31 R0 B 2
RIS, B Jse NI 5 AT T ik 22 5

= X T RALER RN I RGO, P DA AL B B A o s I Tk 0 R R XA 7]

FIFH BT IR R, 2R R e T DAAF 3 3 HE s : i 44(12C1°0,), 45 (13C'°0;
A1 12C7010) M1 46 (12C1801°0) , IIAZIE 0%, HER[433] BC/C = (& 45)
/ (B 46) , "2C W HEHER & 44 45, M4, RPCEEE L BC/MC K 1’C
MR R AT N AR o
|3C1/|2C,
13C()/DC()

klz/km
In
1 — (kl?_/kl3)

In(**C/'"*C,) =

PAIn (12Cy"2Co) Al In[(*3Cy"2Cy)/ (3Co/"2Co) M, W KIEs 7] &} R i+ 545
Fo

{H % Rebecca S. Anderson i 7T 41 B\ & 3L 388 3 A X6} fs2 9735 556 43 A1 1T AAIE S 5
FRHL B S B R b R R 1) EE R AT, (H SR SR I R AR U 2
£, XATRERH TAERMEREF 4T Os, 1M O3 W5 O RM. i, #ES
FHEH R SR B AR R B 1 KIE {H, S5 2 Os BT IE .

2000 4%, Rudolph % AFH 1 Fae Bk IR 007 26 L 36 5 P35 610 25 5 i 2 TR R 4K
FRFR, WIRARE SRR E RALR B Z T2 7

8]3(: —f. - [OH] . OHk . OH813C +0813C
M, xtF 2Kz, AJRIEN:

6: _ ()(S: - t(()Hk:[OH]OHG: + ()3k:[03]()36:) 8

8z 1 08z: 3 H| I 1] t A1 =0 I L) z HOASE Bk [F) o7 2 LA
[OH]M[Os]:73 7|37 t=0 2] t B[] 4 -OH Al O3 BT 3K
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HTH O FEE-OH M, 5 Os BN ZBEAE, Kk, A3 Ok
KELIE MY O3 IV 8:
ln(c.lhcm. n clhc,m, m) _ L[han[OH] + O‘kclht,m,[o?,]
In( C/ C) OHy OH]

cyclohexane ~'n’ cyclohexane ~'m cyclohcxanc[

VU B 2 ERT7 AN B IX 4r AN R SR AL A Bk T 5 - OHL SRS 1) [R) 3 3R 4y
T, Rebecca S. Anderson 55 A2 Hh 8 BERE IS 5 - OH ) s s 22 5 A ] M FIAE A i
B AN B S 8 A B BT H A S SE (07 s 5 e A 3 B0 AR U ]
# F(X)=1.00, F(Y)=F(Z2)=1.23 k%ik, H X=-CH3, Y=-CH2-, Z=>CH-. fj
an, IETT e B R BT R

k = kjoF(Y) + kpF(X) F(Y) + kyoF(X) F(Y) + koF(Y)
Kol Koo 43 I F6 5 7E-CH3 FI-CH2-4E )b 2 I o 338 235 4
3T 4 FAL S A 12C [ B ke s, o5 -OH (1) S 2% H Al 26 1A F -

Ne=2 kiy = 2k,

N.=4 kyy = 2Fkjop, + [2F + (Ng — 4)F Tkyor
T3 o 3C B4 1 BB e, 5 - O 10 I S5 28 3 T i F +
Nc.=2 ki3 = kjojy t Kjoy3

N.=3 kys = (2/3)(Fkyoys + Fhyopy + kyopy) +

(173)(kyer3 + 2Fkyo))
N. = 4 ky3 = 2N '{Fkyoy3 + Fkyop, +
[2F 4+ (No — 4)F Yperp} + 2Ng ™ {Fleyey5 +
[F+ (Ne — 4)F Jkyoy, + 2Fkyopp} +
(Ne = AN {Flhyoy3 + [2F + (N — 5)F Nkyoyy + 2Fkyop 5}

kieiss koo Ml kaers: 20 HIFRIR BC ARC IR AELE AR FRBRATEUS b P47
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R PR R R

A ki R ki AIRREIWR R A:

A1z = kiez — kier2,

Arxe13 = ka3 — koerz

Aze13 = kze13 — kaep2

AR, HETIEBEA A IS BC AL RE 1 e N R B kg, (22l A
e=[ (kiz- ki) /kis] * 1000%0 =(KIE-1) * 1000%o 7] 15211 F 5% & :

Ki3- kiz = - k12&/(1000+£)=A 1013
HtG,  FRATME AT DAAS B F SR iR R T 5 -OH W I [RIAL 3R 731
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