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Supporting Section

Part A. Supporting Discussion and Methods

It has been demonstrated that the organisms could be kept alive and fully recover from up to 14 hours of
spinning at 2.5 kHz at 5° C. However, while this simplifies the NMR aspects of the study, the process itself will likely
induce some stress. Techniques developed for slow magic angle spinning such as PHORMAT" can theoretically be
applied and should eventually permit the extraction of chemical shift information, at spinning speeds as low as 1
Hz, and permit animals potentially as large as rats to be studied.

Interpretation of the spectra at present is challenging, as discussed previously this is in part due to the fact
that NMR databases are still somewhat in their infancy, albeit they are evolving at a rapid rate in parallel with the
growth of NMR based metabolomics in general. The main remaining hurdle then becomes the spectral overlap
which hampers both interpretation and subsequent quantification. The easiest quantitative information could be
accessed from the basic 1D NMR in combination with Electronic REference To access In vivo Concentrations
(ERETIC), a method developed to provide quantification from MRI, without the need for internal standards’.
Unfortunately the overlap in basic 1D NMR makes this challenging for most species. Theoretically quantification
can be done via the spectral editing approaches (Figure 3), but additional ERETIC based protocols will be required
that account for signal fraction during the weighted subtractions required for editing. ERETIC is possible in
multidimensional NMR,3 and when combined with special data acquisition techniques can be completely
quantitative". The sub-fraction of signals in the multidimensional dataset can be related to the total signal from the
whole organism, which can theoretically be achieved through spin countings. While considerable research in this
area is required, given that NMR (if acquired appropriately) is highly quantitative and that the fundamental tools to
quantify in vivo without standards already exist, providing absolute quantitation should be feasible in the near
future. As such the complexity of the whole organisms and the resulting spectral overlap remains the key
challenge. One of the easiest way to further reduce overlap (along with providing more connectivity information
for assignment) would be to integrate other heteronuclear information into the NMR experiments to further
provide spectral dispersion. Consider for example the peak capacity of a 'H-"C HSQC dataset (employed here) is
generally considered to be ~2,000,0000, while the peak capacity of 3D NMR is ”100,000,0006. The most obvious
choice would be the incorporation of both a Bcand N isotopic label into the food source (i.e. B¢/™N doubled
labelled algae), giving rise to double labelled organisms. In this case, the great wealth of experiments to study
biomolecules can be applied and it would be relatively easy to use BN editing to extract sub-spectra that contain
only amino acids, or even spectra for specific amino acids or target metabolites. *'p would be complimentary and
could provide direct evidence relating to nucleotide bases and key energy molecules such as ATP and ADP. Ysj
represents a very important nucleus with diatoms representing key contributors to the global fixation of carbon. A
recent review concluded that the lack of molecular knowledge regarding silicon sequestration into diatoms (the
major limiting nutrient in diatom growth) is limiting progress in this field of research’. The ability of the CMP probe
to study all phases would allow researchers to follow how soluble silica is absorbed, transported by organic
molecules and precipitated as solid cell walls in vivo. Beyond structure elucidation, in vivo CMP-NMR is ideal to
study molecular interactions. It has the ability to follow in vivo binding, transformation, sequestration,
bioaccumulation and excretion of the contaminants and drugs. In this light F common in many pharmaceuticals
and environmental contaminants® provides a unique handle to selective view xenobiotics, and to elucidate their
dynamics and kinetics” *°. If *°F is not naturally present ’H provides the potential to introduce an NMR active
nucleus into pretty much any organic structure with little alteration to the molecular chemistry”.

Culturing of the isotopically labelled algae
13C,lSN—IabeIing of the algae Chlorella reinhardtii (wt, SAG culture collection Goettingen, Germany) was achieved by

growing the cells in Bco, and ®NH,Cl (enrichment in both cases 99%; purchased from Sigma Aldrich Isotec, St
Louis, Missouri) for 150 hours in a photobioreactor(PBR) constructed by Silantes GmbH (Munich Germany). The
PBR is built as a closed system avoiding loss of the stable isotope labeled Bco2. It is an airlift driven external loop
tubular fermenter having 20 L operating volume, permitting circulation of the media volume with 1 vvm. The algae
were cultivated in regular TP media (Tris-Phosphate w/o Acetate + 15NH4C|), as previously described™, using the
following parameters: pH 7.0 - 7.4 (pH-probe InPro®3253I/Sg, Mettler Toledo), temperature 30°C (InPro®3253I),



light intensity 1300 umol/(mz-s) (quantum detector LI-250A, Li-Cor Biosciences GmbH). A computer-controlled gas
management system (Labview 10.1, National Instruments) was incorporated to keep theBCOz content (pCO,-
probe InPro 5000,Mettler Toledo) at a concentration of 2%. The nitrogen carrier gas was allowed to vary between
65% and 85% corresponding to the oxygen content which increased during autotrophic growth of algae between
15% and 30%. If the oxygen content reached a value of 30% (pO,-probe Visiferm Do Arc., Hamilton) an N, purging
step was introduced in order to reduce the O, content to the initial value of 15%. To avoid loss of? CO, during N’
purging, the Bco, addition was stopped at the end of a growth cycle until a value of 0.5% was reached by
metabolic depletion. If the oxygen reached the initial value of 15% due to N,-purging, the computer controlled
valves (Valve 221606, Buerkert) were closed and another growth cycle was resumed. The Bc-content of the algae
biomass was determined by analyzing the enrichment in “C,3” fatty acids of isolated algae biomass by GCMS
(Thermo Quest Polaris Q MS/ Trace GC2000, Thermo Fisher). The PN-content was determined by Shanghai
Research Institute of Chemical Industry stable isotope laboratory. Isotopic enrichments of 98-99% B¢ and N were
achieved in the algae biomass.

Part B. Supporting Figures and Table

|

\

|
o g Pt MJUUU}TJL

|
|

LU

T
1 ppm

A. 256 scans

P —

B. 4096 scans

T
8 7 ppm

tH Chemica Shift (ppm)

Figure S.1 'H NMR data collected for a single shrimp using A. 256 and B. 4096 scans. While little information is lost
in the aliphatic region, the lower signal-to-noise in the aromatic region reduces the information content in this
region.
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Figure S.2 'H Spectra acquired on a single shrimp over a 20 hour period. Note spectra A, D, E were collected using
256 scans, and spectra B and C using 4096 scans. The alanine signal increases over the 20 hour period and may
arise from spinning stress.

A.1Large H. azteca ﬁ
. N A k____ghfk_______
B.1 Large H. azteca f\

C.1large H. azteca

Y

__._,__._,_,_._._‘,_\_,_,_\_,_._._._,_fj\_‘\_,_,—-/\_
D. 3 Medium H. azteca /\

AL *“,rvgda_,ﬁ__,J\h_ . _,,_»\_,/“\zxx_,,._,«hjh,/ K_ﬁ_ﬂ_;k”\

‘H Chenﬂcalshﬁt[ppnﬂ

Figure S.3 A-C compares the spectra from 3 different adult H. azteca (~7 mm length each). The spectral profiles are
similar indicating the approach has a good degree of reproducibility. In contrast panel D shows the spectrum for 3
medium sized H. azteca (~¥3 mm length each) placed in the same rotor. A contribution from the doublet of lactate
(2) on the left shoulder of the (CH,), resonance is an indication of anaerobic stress™. While alanine (1) has been
reported as an indicator of stress in general in aquatic organisms”. Interestingly these younger H. azteca have
strong contribution in regions (3) and (4) which have been assigned to omega-3’s and an overlapping region where
DHA (docosahexaenoic acid) resonates™. This would be consistent with these compounds being essential to



invertebrate early growth16 and indicates that CMP-NMR could be a useful tool in general to study chemical
physiology and dynamics.
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Figure S.4 Overlaid spectra of a 'H-"C CP before (solid line) and after (dotted line) denoising using Singular-value
decomposition.
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Figure S.5 2D In-Phase-COSY experiment used to further confirm the assignments reported in the main section of
the paper.
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Experiment Sample | Rep. Rate NS Experiment Time Comment
Run 1H 1la rge 24 s 256* or 10.5 min or 2 hrs. 47 mins :’he longest 'y T, for metabo;iresc\i/vere estimated at 400 m:
1 . . inverse recovery experiment) leading to a repetition rate o
1 HT, Shrlmp 4096 2 hrs. 47 min 2.4 s (2 s delay + 0.4 s acquisition time). The relatively short
Diffusion Ref. (no delays /no gradient) 4096 2 hrs. 47 min relaxation times arise due to the fact the sample is a whole
. . PP . 13 1 .13
Delays/no gradient (needed for RADE) 4096 2 hrs. 47 min organism a’)‘d it is uniformly ~C labelled {"H relax via =C
. . interactions).
Delays and gradient on (diffusion editing) 4096 2 hrs. 47 min
Due to the lower signal in diffusion editing 4096 scans were
required in this experiment. For consistency 4096 scans
were also collected for the other 'H data shown in the main
paper. However, fewer scans still provide useful data.
*See Figure S.1 which compares the signal from 256 scans
(10.5 mins) with that from 4096 scans (2hrs 47 mins).
Run 13c (zgig) 5.16 s 5000 7 hrs. 13 min The longest B¢ T, for metabolites were estimated at 1 s
2 leading to a repetition rate of 5.16 s (5 s delay + 0.16 s
acquisition time). The relatively short relaxation times arise
due to the fact the sample is a whole organism and it is
uniformly C labelled (*C relax via *C interactions).
CP 1 Large 05s 30720 4 hrs. 27 min ((j:rossl learization is onlyjfficient for;emi—szl;ﬂ; arl'nd solids,
. . issolved components do not undergo . Inversion
CPT, Shrlmp 30720 4 hrs. 27 min recovery showed a sharp metabolite profile superimposed
over a broad macromolecular background. The background
rapidly relaxed exhibiting a T; estimated at 100ms. As such
the recycle delay was set at ~ 5 x T, of the macromolecular
background (or ~1.2 times the metabolite T1’s). Readers
should note however, that CP-MAS is not considered fully
quantitative and is only used for editing purposes in this
manuscript.
Run CcOoSY 1la rge 05s NS=128 6 hrs. 42 min As COSY is not fully quantitative themrecycle delay was set at
3 Shrimp Increments ~1.2 T, for max signal per unit time™.
=196
Run HSQC 1 Laree 05s NS=600 14 hrs. 41 min As HSQC is not fully quantitative thelsrecycle delay was set at
a4 g | t ~1.2 T, for max signal per unit time™".
Shrimp ncrements
=128

Table S.1 Summary of experimental runtimes and associated parameters.




Part C. Supporting Videos

Video S.1 Loading a large adult H. azteca heads in first, into a sapphire rotor.

Video S.2 Showing the H. azteca used to collect the majority of data for the paper 3 weeks after nearly to 14
hours of MAS (2.5 KHz, modified cap, 5 °C) NMR experiments
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