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Abstract

Recent advances in the application of molecular approaches have emphasized our potentially underestimate of
microbial diversity in natural environments and have revealed comprehensive biogeochemical processes. One of the
biggest challenges for organic geochemists and/or microbial ecologists is to identify which organisms are carrying
out a specific set of metabolic processes. To answer this fundamental question, stable isotope probing (SIP) together
with compound-specific isotope analysis (CSIA) is a useful technique to understand the microbial ecology and
its biogeochemical cycles. The method relies on the incorporation of a substrate that is highly enriched in a stable
isotope such as *C and "N, and the identification of specific molecular targets through active microorganisms in any
environment. However, we have to pay attention about highly SI-enriched contamination problems and co-elution
problems during pretreatment of chemical analysis and also in chromatographic procedures, which potentially
prevent us from performing precise CSIA. Here, we point out quality control by wet chemical pre-treatment for
precise compound-specific isotope analysis by isotope-ratio mass spectrometry coupled to gas chromatography and
liquid chromatography. Not only in biogeochemical background but also from a scope of common welfare, CSIA
technique is also widely useful tools for validation approaches in food material, anti-doping test, and environmental
assessment. For further precise CSIA, we also discuss representative optimized analytical conditions of some model

compounds including intact polar lipids (IPLs) with its derivatives, n-alkane, and amino acids.

*Quality control by wet chemical pre-treatment for precise compound-specific isotope analysis
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B A W B S DR IEIRAT R0 00 F L NV T DY)
WERL 7 0t 2Dz T, A Eo
ZERIMAR D F N2 X % Stable Isotope Prob-
ing (SIP) DL HWOEND X)X 572 (eg.
Boschker et al., 1998: Radajewski et al., 2000: Boschker
and Middelburg, 2002: Radajewski et al., 2003: Dumont
and Murrell, 2005: McDonald et al., 2005: Veuger et
al., 2006: Evershed et al., 2006: Nomaki et al., 2008:
Buhring et al., 2009: Webster et al., 2010), fZ{#k S
AT oOERESLZ L, suv s T TEE
HWTHELE 208t - wuti L, coftahz
F7E - EEmS 5T EDEARL LD, R iLEY
T, BHA270< b T78:(GC) BLUH
A= 7T 7 | EEHTE (GOMS) H34h3E
275, mibrfbawTld, RiSmkra~ br
774 (LC) BI Witk r u~ + 7o 7 =0T
% (LCMS) VBN E, E5I2, 7Uu~x 7T
TCHHESNIALEWE, AT T v FdA v
T4 > OFRMVAEEEDSH IRMS) 21779 2L T,
G LNV ORNVAR L 2T 2 2 L5 TE %,
LR FNARO RIRFAEILL ORI & & 12, BC %
BN 7 EORINARERIC L 5 b L — 2 baW R
FEEROFMIIE, 5F LSOV REME R o S
LIRERIN LS LENH L, T, BAEMIC
X, EOL)RIICEBETIUIRVDIES ) D

9, L AOVEMALORHEICIE, BHRET
ACEM D [TEMELRX— AT 4 V57 HEd 5\ I
BE] DSHERE 2 B0 BB HRM O L 2%
1353 2 DRHE 72 ML & 3O B R D £\ E
Bl ohrsd 2B, ArLBEL s X OV EE - Bk
OEALIE, FIBIEEVICHIN TS, KIZ,
s7ux b7T7 ETO[HE (co-elute) | ORGE
BB B2 ebd b, WEL LI, BWYWLER
CORFHR IS H IO DAL &M A FREE I 35 2 &
3. KIZ, 7u~ I 7L BB D B
&, [ FLVOFRMAE] &) iRILASE L
BWZ EERERT L. ARILEWOSITTiE,
TERPHBEANE L LIZOEDS T, Bt
TCEEDIEE AL EW R A — N =T
TIHE)GEICEET L LN DL, ZDdk
BN, LS O % E R ALAR F O FFEA R 70 Fiafs

OEBEMICRELEE Y2 5, HlzIX, 73/
BoOAAr7 0 s 7T 7HETORERIZHET HH
f-C1%, Nature £ I~ C Engel and Macko (1997) &
Pizzarello and Cronin (1998) @ X 9 7w - SGand
ThNTnb, BT, 51 L XVEMARLD
BB EEEM LA RS-0, EAGHTICX
DI RS EICOWT T 7, T, g
B a7 IREB L OV EREROMT, 7u~ br
7 7@FEEERICEYORHE, su~x N7 T 7k
BLOpEIL L2 MDA ) —= 7, AL
BN X 2 IEILALED O HE, R ORI
BN DONT, WL ORDETMEEY & 5T
DOEMBI 2T, ZTOWEREEER L. K
T WEDSFT Y ek (°C/0) - 83 (PN/UN)
D53F L AV RALAR o VB PR L TR R 72 AR A
& HIE L7z#3 (Metges and Petzke, 1999: Hoefs,
2007: Michener and Lajtha, 2007: 777 - K35, 2008:
Ohkouchi et al., 2010) %% 5 D TEIR I 720,

2.5 #

B AL &YW o HUEHE, Matreya Biochemicals
LLC B L U7 L — & ¥ KM FEREN L ~
Z = ANFL7R2ET — X% T (Thermoplasma
acidophilum) O RFE W75 % 72 K5 TFILEW
&, ADGHEER S AF L7 n-T IV v BLOT 3
J WRAEHERRL 2 Fl T2 A o MR T AT
V72 B 1%, Bio-Rad #1 % AG50 W-X-8 (200-400
mesh) % 27z, MREHEREEEHE, TALREE
TSR [ 5 & w 9 ] OFRAALE (CK06-06)
THIN S N7-FKBHEFED (sec 1-1, FEFE05m) %
A 72 (Kobayashi et al., 2008) .

3.9 thEE

3.1. HPLC/ESI-MS # & U HPLC/APCI-MS

K548 | 72 Thermoplasma acidophilum @ Intact polar
lipids (IPLs) W5, ks a~ 777/ HEs
HTEF (HPLC/MS, Agilent 1100) % i\, &1 X 7
L — 1 % 4k (ESI, positive mode, m/z 200-2000)
TH Mt L7z (Sturt et al., 2004), L&Y O 45 HE i,
LiChrospher Diol (2 X 125 mm, 5um; Alltech, Deer-
field, IL, USA) B X OFH A — F# 5 4 (4 X7.5mm)
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TITo720 WITLBIOHT A T2, 7T
L F — 7~ (Poralathermo) T/ L & — % — 35T,
T —7 YHN30CTITRFEL 720 BHERIE, A n-
F/2-7TaN ) —)v [/ FHE/ 148mol/L 7 v FE
=7 7K (79:20:0.12:0.04, v/v) ORAETE, B:2-7
08 —)v [ 75K | ¥/ 148mol/L 7~ E=T
K (88:10:0.12:0.04, v/v) DA A V>, it
0.2mL/min T, 04 (B :0%) 75 454 (B ik :
65%) D77V Iy M Tlro72. TOIPLs L, &
A7 7F TN ) kr— )L (Phosphatidyl glyc-
erol-) BX 7)) a3 )V (Glycosyl-) % trEEEEL
I245%, GDGT (glycerol dialkyl glycerol tetraethers)
aTPREIZLTwWAZ L5, IPL-GDGTs & I
N b.

wIZ, Z ZTHW72 IPL-GDGTs (2 2 mol/L HCI/
MeOH (1:1, v/v) & F\»C, iR X 5/ — V55 fi
(acid methanolysis: 110C, 3 i) 247V, 82,
TR & n-NFH v [ n-7 1% — ) (99:1, viv)
D% 1mL TYE /ML % 3 [T, A T
acidophilum H3 @ 2 7 l§ 2 (Core Lipids) % 5 #
L72o Z D% % CL-GDGTs & -5, {fifk~ b
< N5 7 | EHE5HTE (HPLC/MS, Agilent 1100)
v, Bt KREE LS A F ~ k% (APCL
positive mode, m/z 200-2000) THT7% o 720 2,
Prevail Cyano (2.1 X150 mm, 3 um; Alltech, Deerfield,
IL,USA) BE WA — F#7 7 4 (4 Xx7.5mm) T
17 - 72 (Huguet et al., 2006), 7T LB LA —F
715 ML, BT LI — 7 (Poralathermo) T/ L
L—%—45C, &+ =7 HNACITHRFLZ. &
L, Arn-NFY v, Bin-7ass ) — v ae H
W, iR 0.2mL/min T, 04 (B : 1%) » 5 45
4y (B :1.8%) 77T L MiIZ, 5597 TB
W 10% DNy 77T ¥ 2% 4T 72 (Takano et al.,
2010b), WMEABIZ L BNy 27Ty 22l H
HALEWMOBE L ZOWEEZERLTBY, 7724
AL OFTIZATH NS (e.g., Hopmans et al., 2000) o

3.2. GC/FID & & U GC/MS

n-TIVHyBELOT I VBOGITIE, A0
< b 75 7 (GC/FID; Agilent Technologies 6890) 1
SO Az ax b5 7 | EmsitEr (GOMS;
Agilent 6890N/Agilent 5973) % 72 {LE WD 5)
L, ¥y Y51 —# 524 (HP-5, 30m x 0.25mm

id; EJE 0.25 um; Agilent) % H 720 n-7 IV &~
SO A — TV HIRT 07T Ak, 40C H 5
120°C & T 10°C min? TH-iif%, 6°C min” T 320°C
FTHIMML, 320°C T20 0 MPRFEL 720 F v V)
T —=HAEAN) 7 L%, & 1.3mL/min &
L7z A4 MLELIZ70eV EL, AF v
HiPH X m/z 40-800 & L 7ze 73 BED TS
1%, Chikaraishi et al. (2009, 2010), F34 5 (2009),
Takano et al. (2009) & ZH X720y,

4 BEREER

41 BHEEEEMNEEME (LA TI VYY)
Q):%in

Figure 1 & ¥ 3230k T acidophilum 3 @ TPL-
GDGTs 27 U< N7 F AHRT L9 I,
dophilum DENRE % MW 5 IPLs X, ZHk7HE
EERREAELTWS, RATZ77F VM7 ) a—)
EBLO7Y) a2 VIEORMETET & 3 7 IFEHRS
FEBOMAEDLEDRETH ), TILHITRIE
L 72 51 #E (Appendix) @ ¥ 7 F )V ASHBLL T
WAL WG hbe T, RAT 7 FINTY &
O— )ik aTREOMEE, S avviieo
ZITHARTREERIZER <, ESIEETRHIZ L Tw»
BTN ey hb, TITHLNS, —HOD
NG = (miz=2) 1%, A TIREIMD Y 7o~
Y8 YBROBICHRET 5 (Appendix) .

HRVESEH 2 AL R8I L <o b 3 T
B (CL-GDGTs) ®» 7 1~ k25 I % Figure 2 |27
T GDGTs D H &, HEBREZRALZWVWA VT
LA RE23sn-7) v — b E N5 D
U K7 — % F — )b (caldarchaeol) o fii, GDGTI,
GDGT2, GDGT3, GDGT4 3 X US % O v i 5Pk
(regio-isomer: e.g., m/z 1307, 1309) S & N 5 &
Exbyrb, =Rtz AxY NI ATHRDL &,
GDGT3 & fRFFFEH AT TR — T, HEHEER
% AK[ED GDGTs (m/z 1307, 1309) D Fhiz AR
OOHNDL, ZALEWORIGARM L, preparative
HPLC |2 & ) BALEWM % N— R T 4 438 CTHE
L, BB =ESHEr 2 v CRElAS T RE & 7
% (e.g., Shah et al., 2008: Takano et al., 2010b) , 1
Z X, Figure 2 12/R- 3 & 912, L&YW A (caldar-
chaeol) 21L& B (GDGT1) D41 L~V [E{AR

T aci-



HPLC/ESI-MS (positive) for IPL-GDGTs from Thermoplasma acidophilum
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Fig. 1. Representative total ion chromatogram of intact polar lipids (glyco- and phos-
phoglyco-GDGTs) from Thermoplasma acidphilus by HPLC/ESI-MS on positive
mode. Three axis stands for retention time (min), m/z, intensity. See also analytical

condition in Sturt et al., 2004: Rossel et al., 2008: Schubotz et al., 2009.

HPLC/APCI-MS (positive) for CL-GDGTs from Thermoplasma acidophilum
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Fig. 2. Representative total ion chromatogram of Thermoplasma acidphilus after sugar-
cleavage treatment by HPLC/APCI-MS on positive mode. Three axis stands for
retention time (min), m/z, intensity. Here, compound (A) and (B) indicate cal-
darchaeol and GDGT 1 (glycerol dialkyl glycerol tetraethers). See also analyti-

cal condition (Huguet et al., 2006) and the discussion of elution blank (Takano

etal., 2010b: Ogawa et al., 2010).
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Hix, Zo5nMsEtciFitid s, LAL, 20
T acidophilum ZE O 354, GDGT3 % GDGT4 ™
PREREERTICIE, BREA AR T 2 2SS E
W (m/z 1307, 1309) 53 % 728, Wi %= Bl i
THAOHEL Z200E, ZNEFnoss+ L NILVE
MR 2 FFI 9 % 2 & A5 T & vy HT-GC (High-
Temperature GC) |2 & 5478t CT, CL-GDGTs % [H %
* v A4 v CRMEERGIENEAT 2D
WrEt ST (Pancost et al., 2008) o

EBOBRBEHIIE, SR A TR
T 5720, HEHT S IPLs OEN: - E 8T,
SIM (Selected ion monitoring) X%k 3 % MS den-
sity map OPFHPLE L (e.g., Rossel et al., 2008:
Schubotz et al., 2009: Lipp and Hinrichs, 2009), F
7z, HeREWdh T, IPL-GDGTs & CL-GDGTs %%
ELTVD, ZNOZIEMEICHNT 2 —20)
P& LT, 2T, L7zHPLC/ESI-MS & HPLC/
APCI-MS Ot i afilAambEs 2 LI2LD
% 4 IPL-GDGTs & CL-GDGTs @ %€ #& F i, Ring
Index FHMIEEASTHEIZ 72 5 6

42 707 b T 7R EHBHILEMDOFHE
4.2.1 R T NIV U 72ESYM O A & ERAE
[l W 72 T acidophilum (%, RIKFFIE L O
PC-, UN-REEE THEELLZODOTH S, PC-H
B ON-EEEHW TR L2 aE, 7003
BB TIRIGIZAR L 724 < OFH BCALEw=
SNALEWDRAL TV E720, [70~x 7T
A BB LAY ] ORISR ET 2%
Bdhb, U< 7T A EIC3BEN VLAY
1%, DAD (Diode Array Detector) D354, WL % #5
e LAWY T 5, MS O4, M EE
L YDA OEEHHEOLEY ML TES
Lo FE) YT S, 2D X)) HDADE X
O'MS D§5 5 % fiiE C & 2 ik —21%, ELSD
(Evaporative Light Scattering Detector) T 5
72, HPLC ® % 7 2 & m#fitk T Ruo BC-
LEWD, BT ATy TENT, EHilH 5
WIEAREGRIICER T2 L) A bH 5. KA
D BCALA W A3 AT ALEL T 100% B 22T & 5 BREL,
= F717 H12100% b T v TURETDH % PRAEIX
M EE 272D B W, L7245 T, preparative
HPLC & & 9 (255 W\ IR L i, &

WD Ny 7 75 v PEOEHM, R
TREEFN TV LEHMERE RO 0 AF = v
7R WFEET Do BHLSOLEWA, RALT
WR\WZ E Z/RTI2IE, elution blank & L CH
L&MW % #HAITH T 5 L 912 (Figure 2), Z DR
0Ny 72 759 v FEF T UL RGEDS T
&2, T2, HEYLAW % HEEL 726210, HRER
e 2~ 7 N LiE ("H-, BC-NMR) & Hwiid, #i
JERED X DI Bo AHEILE T D NMR
EOW G, BHEBOMHS kN THY, EAE
R ERES L O OBIEISE, FERISE R )
ICHETLTLE Do S0, ZRHER 71 b
S, BEAFRELER SN, FoMEoTa o
7 FIVDSH-NMR L CHET L2 LICEET S
VB3 d % (A - T, 2004),

22T, MMERgoBiLEm A Vv 7 —F
%+ — U (caldarchaeol: CgsH17206) 7% 1.0 nmol & % &
R5ET 5o BELOfE 03COcdarcheact = -20%o0 (vs. PDB)
DI, F ) L E 7z BC-DIC (dissolved inorganic
carbon: 6'*Coic = 1000, 2000, 4000, 8000%0) 75,
0.001-10nmol (L7 Hi & : Zoic nmol) AT 5 &,
HBOYANT v AP BRAZO A2 Lol
OPCPcaldarcheaol 1,

<86 + ZDIC) x 03C@caldarcheaol
= 86 x 0"3CDealdarcheaol + ZpiC x 0'*Cpic

EIREN D,
A13Ccaldarcheaol = (513C(2)caldarcheaol - 513C(1)caldarcheaol

THDHDE, B PCOcldarcheaol & D75 (APCeatdarcheaol )
OMEHMAIL, Figure3 D L1274 5, FVAEEE
SIHTEFT D 0P Ceatdarcheant DI TEFEZE % + 0.5%0 & T~ 5
&, B L7z BC-DIC 75 8000%0 D354, 0.1% +—
F—ORFEMETOLENHEEOTIIL, LAV
PHENZ R D Z DD 5,

422 T 7> F ABF|R & HAH DAL

4.2.1 THlRAR7ZIEFEHOBELR, =) > F 4 E5H
# (Enantiomeric Excesses: ee) @ X 9 (ZAAxf b %
AT AT CHEETH b, Figure 4 125 >
F A BEEOETFMLEN L LTD-7 3 /B (ff
TR 50.0%), L-7 3/ [ (FEAEH L 50.0%) O
Bl R BAEFERILIE 50.0% OYE,
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ABC=0.0 £ 0.5 %o 3%3Coic = 8000%o

1200 (original 833C in 10)
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A " Ccaldarchaeol

2000%o

,+1000%0

0.001 0.01 0.1 1 10

Co-elution amount of *c-DIC (nmol)

Fig. 3. Theoretical diagram between ABCugarcheant (differ-
ence between original isotopic composition and
co-eluted 1¥C-DIC) and additional mixing rate of
13C-DIC. Here, original 03*Ceaqarcheaot 1S defined as
-20%o with the amount of 1 nmol.

Enantiomeric Excesses (ee) =
= |L%—%D |
=0.0%

(L-DJ)/(L+DJ)x100

Tdhb, ZIZT, Figure 4 |77 $ X HIZL-T 3/
f ORI GREE R L C, [ U AR R 1o s 3
LILEMOEEE Z% EThHE, BHDee & B
T LD ee D3 (Aee) 1,

A Enantiomeric Excesses (Aee)
— | (L% +Z) — (%D -7) |
=27Z%

Elbo LIch o T, TITOMEREE £0.2% &
oL, WEHE02% THHEDEEL DT (Ace)
WEERICRD, o ZfHliadThbNTLE D
e 5 (e.g., Engel and Macko, 1997: Pizzarello
and Cronin, 1998) .

43. 707 T 5 7EB LS URNHEIC & 2 THH
DRyY)—==2%

n-7 )WV v (n-Cis—Cs0) @ GC/MS |2 & 54 %
Figures 5&6 |28 9, A A7 T~ N7 T 7128t &
NTVLXF Y YT =0T LOHER AR DR
AW o7f, 7U~ NI T 7% ZRITT
AL 2 & BRIMELEW ORI EZ 7% 5,
Figure 5Cld, BZ5HL AT 47— FIZRERT S

A3C=0.0 = 0.5 %0

(a) without co-elution
D-Amino acid  L-Amino acid
(50%) (50%)
precise conclusion

- Enantiomeric excess

(ee: %L - %D)
=0%

base-line resolution

Intensity

(b) with co-elution L-Amino acid

& co-elution compound

D-Amino acid Original

misleading conclusion

) %L >%D

Co-elution

Retention time (min)

(c) A ee % caused by co-elution compound

30

original ee in 1o (+ 0.2%)

ioa

Aee%
(difference of enantiomeric excess: %L - %D)

D:L=50.0:50.0
(original ee = 0.0 % 0.2 %)

0.001 0.01 0.1 1 1‘0

Co-elution compound % (relative to L-amino acid)

Fig. 4. An example of co-eluted unknown compound
overwrapping signal on L-amino acid. (a) separa-
tion model of pristine original D-, L-amino acids in
base-line resolution (without co-elution), (b) co-elu-
tion with L-amino acid on same retention time, (c)
theoretical diagram between Aee (difference of en-
antiomeric excess) caused by co-elution compound.

m/z 207, m/z 281 DFRFALEW A & RM T 7)) —
T4 T LTCWA I EDr D, Figure 5 % IRTT
@ MS density map |23 % &, Figure 6-(b) |27 %,
121, (a) Mo A 70 t 7
Z LO5HER, (b) ANk (V) OB LT A7 a~
NI ADGEERI R R T2 THINE T ALE
Y (e:n-7 V7 ) offixt &Iz LT, BHsME
EW (Y BXU 7Y — MMEaY) oADK=
BEWEE, BIYLEW O RIAR L O FFMI L8 L
{Tpho 2020, REHIRMALE WD B DI E
Z ORI - BB OR#ELE &b, TOHD
HAZUR N T THFIZLDT) =T 4 v 7oL
e\ W BEGAE A EA S B LA D B o

Figure 6
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GC/EI-MS for n-alkane
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Fig. 5. GC/EI-MS chromatogram of n-alkane (n-Cis to n-Cso). Three axis stands for retention
time (min), m/z, intensity. Two column breed signals were observed.

intensity
[ ]
[ ]
L]

GC/EI-MS for n-alkane

V¥ denoted impurities

Retention time (min)

Fig. 6. Density map of GC/EI-MS chromatogram of n-alkane (1n-Cis to n-Csp). Two axis
stands for retention time (min) and m/z with color contour showing intensity. (a)

pristine n-alkane separation without any impurities, (b) n-alkane separation with
impurities and bleeding compounds showing also in Figure 5.
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44. LB L D HIBBIEEMDO DB
WPERIEFIZE CHU L 2B L a0
G, WINLOLEWEILEBHIT5 2 LI X
D, TEET A2 ENTE S, Bz, AIRO T —
X 7 ¥k Thermoplasma acidophilum %, 2.—1) 7 —
¥ o — ¥ [ (Euryarchaeota) T&H 5 )%, 7 L ~
7 — % — % [ (Crenarchaeota) D—#BI21%, Ap-
pendix IZ/RT X ) A HBREANBEEY TN
4, O crenarchaeol (Sinninghe Damsté et al., 2002) <>
crenarchaeol regio-isomer % {5 3 5 & DA\ 5,
FICHCBUE LR OmEE s Ly 7 —F 4 —
% (e.g., Karner etal., 2001) 75 £ < RS, [
KEEENOHE S NS Z &L dH D (Pearson et al.,
2004), Z O crenarchaeol (&, gD IKIET T
Ze CHERE RSB IRIA SAFTET A 2 s s
£ 9127 o7z (e.g., Ingalls et al., 2006; Turich et al.,
2007; Lipp and Hinrichs, 2009), = Oft&WiE, &
Gt I3k 9 5 Pyropheophytin a (P Phe a) &
WAEAHBLCTB Y, N7 u~ 79 7k &
LorEEDY A, RIFFREM 2 A —N—=F v T 5
ZENDHB DX mYE, PPheallfilr F
L— MEAIT 5 Z &2 X - T (Figure 7), L&YW
O Z ERMIIEZ, TOMEFRE U TR

(a) Reaction scheme and structure

EREL, K4OLEMORMNAL LI TE 5
(Takano et al., 2010b) ,

KIRFHUZIE, S k) BZIRER SOV Y47 A
) < — (regio-isomer) Ofill, D-fk& LA T I/
e X 9124 »F F~<— (enantiomer) HS(E1ET
bo DARE LAKT X /7 WRIZ, WIEDH—Tdh %
720, WEOGMFTETIE, 7 FViE—21l%k
bo CDEIBITF Y FAY—OWE, RHEDOT
IJVMEIVTATLEAY—ALT B RICEY, &
WS 22 EDTEL, HDHWVIE, ARRELAED
HHEEMDHHF TN T LTHEETSHZ LM
T&b, BI04, Figure 8 DX H 12 (9)- F7-
& (R)- oS Hwiugd (B 218, e
EETVa—Ve ), BHEF % D-E -L-f %
72iE LA DR BRMIZa Y Pu— L TE 5
(Takano et al., 2009), ZEDOEE, FAlmEtl& 7
T LADFIEI & o THLNERF 25 D-fk -L-k £ 72
(& L1k ->D-fk &L £ 5556538 % (Levkin et al,
2007)0 TH DIGF S ENE & FAARE & ATk
ERLAE DL T LT, %4 OMKREEEST L
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Sample: Shimokita sub-surface sediment (CK06-06, core 1-1)
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g. 7. Intercalation reaction between pyropheophytin a (PPhe @) and its copper derivatives

obtained following treatment with saturated copper acetate dissolved in acetone.
The UV/VIS absorbance is shown before and after the intercalation reaction.
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(a) D-, L-amino acids with S-(+)-2-butanol
(e.g., D-, L-alanine)
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(b) D-, L-amino acids with R-(-)-2-butanol
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Fig. 8. Derivatization of amino acid diastereomers by
optically active (S)-(+)-2-butanol or (R)-(-)-2-
butanol with pivaloyl chloride to produce N-piv-
aloyl-(R, S)-2-butyl esters (NP/2Bu). Representa-
tive schemes: (a) D-alanine is first elution when
we use (S)-(+)-2-butanol, and (b) L-alanine is first
elution when we use (R)-(-)-2-butanol (Takano et
al., 2009). Here, the molar fraction was D-alanine :
L-alanine = 5 : 95.
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14331 (Evershed et al., 2007 and the references cited
therein) # 4= U %, TN EFEBL 2H5IE, T A
7a~ N7 7HEO—EHMOF YT ) —H T AT
L HI5 N TV A (Chikaraishi et al., 2010) o
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Fig. 9. Carbon and nitrogen isotopic fractionation during
the separation of glycine from an ion exchange col-
umn. A 50mg quantity of glycine was loaded onto
the ion exchange column chromatograph. Fractions
were collected across the peak. Modified from Hare
etal., 1991.
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Fig. 10. Verification of data consistency prior to (without)
and following cation-exchange chromatography for
compound-specific nitrogen isotope ratios (05N,
%o vs. air). The resin we used was Bio-rad AG50
W-X8 (200-400mesh). Standard AA mixtures
including protein (lower plot line) and non-protein
(upper plot line) were used. Gly, glycine; Leu,
leucine; Ile, isoleucine; Met, methionine; Sar;
sarcosine; f-Ala, beta-alanine; Ala, alanine; Asp,
aspartic acid; Thr, threonine; Pro, proline; 2-AAA,
2-aminoadipic acid; Ser; serine; Glu, glutamic acid,
Val, valine; Phe, phenylalanine; 3-AiBA, 3-ami-
noisobutyric acid; Ile, isoleucine; Hyp, hydroxy-
proline; 2-ABA, 2-aminobutyric acid. Modified
from Takano et al., 2010a.
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Appendix. Representative structures of archaeal tetracthers detected in marine environment. Their regio-
isomers are not shown (e.g., crenarchaeol regio-isomer). X, X’ denote polar head group.





