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What are fecal steroids?
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Fecal steroid fingerprints differ across species

Harrault et al.
(2019), PloS One
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Herbivores: Grazers & Browsers

Post-Extinction

Pre-Extinction ™\
\

~

Left: Photo Credit to A. Tyler Karp
Top: Karp et al. (2021), Science



T Grazing Animals = 1 Grass Impacts
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1 Grazing Animals = 1 Grass Impacts
T Browsing Animals = 1 Tree Impacts

m b
T 10.0 - (b) _ _ _
@
O
gg 5.0 4 — 14 —
Synthesis of 28 o0 d o0 d
. - 0
exclusion 23 10 - I i :
. o >
experiments 52 05 - i o |
in Bast Africa & | o T oo TTorTo ST
£ 0 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000
Grazers (kg®"°/km?) Grazers + Mixed feeders All herbivores
mixed feeders (kg®”°/km?) (kg% ">/km?) (kg®7°/km?)
% 10.0 o (C) - - -
(&)
w
82 50+ : 1 .
S o
% S 20 @ - on . / i
— (] (]
9 3 1.0 1@ {&® - a
F o i o N =
-c% 05 | ' | v | ' | ! | ¥ | ' | b | X | L | ¥ | : | '
£ 0 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000
o T eae” Coeies Browsers (kg®7%/km?) Browsers + Mixed feeders All herbivores /
mixed feeders (kg% 7°/km?) (kg% "®/km?) (kg% 7°/km?) o -t P

Staver et al. (2021), Journal of Ecology



Impacts only related to herbivore that
eats that type of vegetation!
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® Aepyceros melampus
Ceratotherium simum

Connochaetes taurinus

Study Site:
Kruger National Park, ZA

,(Q
)
»
% Equus quagga
. ® Giraffa camelopardalis
¢ ® Hippopotamus amphibius
4% e Hystrix indica
h Kobus ellipsiprymnus
m Loxodonta africana
o

* Species-rich community of large herbivores that represent a
diversity of dietary habits.

Phacochoerus africanus
™. e Sylvicapra grimmia
m Syncerus caffer
% Tragelaphus angasii
* Opportunistic sampling along roads and from within vegetation
monitoring sites. Only fresh, wet samples were collected.

Tragelaphus strepsiceros

* Provisional dung identification was performed in field via context
morphology and other visual characteristics =2 provenance
confirmed via DNA metabarcoding.



Sample Information

» 28 dung samples representing 13 herbivore species 2 browsers,
mixed feeders, and grazers.

* Bulk 613C measurements informed preliminary samples for CSIA
analysis.




Objectives

* Optimize a GC-C-IRMS method to achieve chromatographic separation and compound-
specific 0!13C analysis of fecal steroids.

* Determine whether fecal steroid 6'3C values accurately reflect C;, C,, and mixed-feeding
herbivore diets.

« Evaluate the feasibility of developing an isotope-based fecal steroid proxy for
reconstructing past herbivore dietary shifts from sedimentary archives.



Target Compounds

* Fecal Steroids:
 Epistigmastenol (24-ethyl-58-cholest-22-en-3a-ol)
* 5B-Stigmastanol (24-ethyl-58-cholestane-36-0l)
 Epistigmastanol (24-ethyl-58-cholestane-3a-0l)

* Plant Steroids:
* B-Sitosterol
» 5a-Stigmastanol (248-ethyl-5a-cholestan-38-ol)

5B-Stigmastanol B-Sitosterol

|
H

HO", Rl T N

B-Amyrin




Extraction, Saponification, & Purification

« Extraction via Dionex™ ASE350 using 9:1 DCM:MeOH.

 TLEs were dried and saponified with a 1M KOH solution in 95:5 MeOH:H,O for three hours at
65°C 2 NaSO, columns to remove residual water.

* Three-fraction silica gel flash columns for purification, using hexane, DCM, and MeOH.

H,0
— I +  HO—R
/C .
NaOH R
Carboxylate Alcohol
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DB-35 column successfully separates fecal
steroids of interest

Agilent J&W HP-5 GC Column, 30 m, 0.25 mm, 0.25 um 25. Agilent J&W DB-35 GC Column, 60 m, 0.25 mm, 0.25 um
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Steroid acetylation not feasible for CSIA
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Instrumentation

Trace 1610 GC
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Optimization: GC Oven Ramp

Old Oven Ramp New Oven Ramp
350 7 o 350 7 o
Agilent GC Oven Method 513C Optimized GC Oven Method
300 - 300 -
250 250
& 200 - ¥ 200
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100 - 100 -
n L ] L]
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No I_\etentit_:m Rate Target value Hold _time No I_%etentigm Rate Target value Hold_time
time [min] [°C/min] [°c] [min] time [min] [°C/min] [°C] [min]

1 0.000 Run 1 0.000 Run

2 1.500 0.00 80.0 1.50 2 1.500 0.00 80.0 1.50

3 23.167 9.00 275.0 0.00 3 9.300 25.00 275.0 0.00

4 41.917 0.80 290.0 0.00 4 28.050 0.80 290.0 0.00

5 52.417 12.00 320.0 8.00 5 40.550 12.00 320.0 10.00

6 72.000 StopRun 6 40.550 StopRun



Optimization: Inlet Type (SSL)

* Sa-cholestane test injections

« SSL injections (splitless) resulted in low-amplitude peaks = large volume injections?

13 5a-Cholestane 25 ng/ulL
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Optimization: Inlet Type (PTV)

Followed large volume PTV injection method of study that performs CSIA of steroidal
compounds in athlete urine 2 much better!

5 5a-Cholestane 25 ng/ul Sapienza
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Sample Chromatography: KNP-D 3-23

« 5B-Stigmastanol triplicate injection 613C precision: 0.30%o

* Good first step for optimizing these measurements, but some issues...

90 KNP-D 3-23 F3_03 Temperature Settings PTY Ramp Settings

Enable temperature control @ Pressure  Rate Temp Time Flow
- [0..152. [0.1..14. [0..450 [0..999. [5..1250
14 Temperature: 65 &) [0..450C) 2ps] 5CH T 99min]  ml/min]
SB'StlgmaS tan OI Inlet Parameters Injection
(\%> - . s Evap
12 © Split mode LargeVolume v 3 |
H H : Transf 145 280 200
Epistigmastanol ... (D) 015222000 o |20
a° i e Cleaning [145 ][40  ][500 |[1000 |
A Surge duratior A2y 10.00..955.59 |
10 Vv ) a
Spit flow control I,—\i) [] Enable evaporation phase ‘32
o R Enable clean phase (&}
| o ki - [] Enable pressure ramps &2
i 8 i i i
B Spit flow 200 }® 100..1250.0 m/min]
i 0 - Transfer delay ti 3} [0.00...999.99 mi
z Epistigmastenol o 93 ® 0o o Ty
| ™ Post cycle temperature | Off &
g6 oo Spitlesstime  [100  |&) [0.00..999.59 min] =
|E YV isplay ph !
| Purge flow control (3 Loy kiome, DRI it
Septum purge flow (\;) [0.500...50.000 ml/min] Utilities
4 o
Constant septum purge 3 Vapour volume calculator
= I\l) Column flow calculator ]
2 [] Vacuum compensation i} ) ) -
‘ L] Erisble g ssieriods .,”\E) Retention time alrlgnmenttoolr
0 - -

2600 s 2650 s 2700 s Backflush Type  Disable



Issues

 Too much O, from default seed conditioning parameters (5 min) = “shark fin” peak shape

* Decreased seed oxidation interval to every ~15 samples and changed seed to 2 min.
* Injection parameters were also inefficient...
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Sample Chromatography: KNP-D 3-23

« 5B-Stigmastanol triplicate injection 63C precision: 0.02%o

* Improved chromatography after changing split mode, split ratio, injection temperature, PTV

ramp settings, and purge flow.
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Determining 613C of TMS Group

« TMS group added to steroids contributes three additional carbon atoms to each compound.

e 513C of the TMS group determined by measuring 613C of underivatized and derivatized cholesterol,
brassicasterol, and B-sitosterol

* Once underivatized standards were grounded, 63Crpyq determined for each new batch of BSTFA:TMS.

59 BetaSito_50_UD_1+56 Brassica_50_UD_1+53 Chol_50_UD_1

5 i 5deriv -1 f5underiv
10 Cholesterol (27)  Brassicasterol (28) TMS =

1-f

f i Cunderivatized

(,> 3
S ©°
P &

Cderivatized
|

B-Sitosterol (29) C = # carbon atoms

l P
i)

Intensity (V)
(=3}
— —
— T i

£

2700 s 2800 s 2900 s 3000 s 3100 s



Otegra - [KNP-D_F3_d13C4]
|= KNP-D_F3 d13C try? - [Completed] DN ol |~ Stercid Carbon 60m PTV MD
B X ® Create ~ B O = &

Con — Peak Detection
e

4[] DeltaQ
4T3 Method Parameters | ConFlo Method “] (@ oport ) (= toray |

[ Continuous Flow Measure Line  Peak Finder Parameters

Compound Editar Carbon Dicxide Traces 45.00 my/z | 46.00 m/z

=i1 Standards
[=] Delta Calculation Detection Trace |44.DD miz |

4-[#, Evaluation Resulis
@ Resulis Segments

EJ Delta Values
—(_) Chrom Methods Add Parameter Set (Start - End)

—[[2 Sample List
3 Log Messages Parameter Set (Start - End)

[ Signing

= Evaluation Ran,
»-Ep Query =
D—E‘f@ Reports Parameter Set From Start

E_ﬁ T2z Auto. 3 °
Other Parameters to Consider:

Slope Setiings Peak Limits

MNumber of Slope Data Points Maximum Peak Width 180s Perform Time Shift o Background S ettlngs ! ! !

Start Slope 0.001 W/s Minimum Peak Height 1V Extended Time Shift (]

Top Slope 5E-05 /s Peak Limit to Ampl. 0% Maximum Time Shift . . . .
End Slope 0.001 V/s Peak Resolution 20% ® L en gth Of run 9 d eI'lVatl Z atl O Il
Square Peak Settings Post Filter Settings de g ra dat]-on

Square Pulse Detechion Fraction Use Post Filter . . . .
. * Crazy thought: no derivatization?

Background Settings

Background Type Individual
BaseFit

Number of Background History Points(

Dynamic

Individual

Number of Smoothing Data Points Laow Pass Filtered
Median Mean
Single

" Scheduler ¥ Completed ltems ﬁ Log View Slammed

Jomeacoron-comm Jae oo | Jownrorizos
1| o

. ML L : z . P
] p Citegra - [KNP-D... @}, VT : l Maria GC isolink l ASITAZ2026 - Snipping Tool Workplace

Smooth Type

RMS Use. % 3Tace 1310-161.. (¥ Documentl - W... D ASITAZ026 Data .. = B




Data Processing & Error Propagation
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Preliminary Results



Fecal Steroid 61°C Reflects Herbivore Diets!

Fecal steroid 63C reflects dietary preference. Strong C, signal for
grazers, and C; signal for browsers, and intermediate 6!°C values for
mixed feeders.
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Somewhat statistically
significant relationships
between fecal steroid 613C

and DNA-derived plant
type %
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Future Work

« Streamline and optimize 63C analysis workflow—open to any and all
suggestions!

« Offline separation of sterols and stanols via AgNOj silica gel columns 2>
specifically for separation of B-sitosterol and a-stigmastanol.

» Constrain g;;, of fecal steroid 6C and phytosterol 613C - potential differences
between fermentation type (i.e., foregut ruminants, foregut non-ruminants, and
hindgut colon)?

« Extract, process, and measure an additional 112 dung samples, representing
fourteen different herbivore species.
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