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Abstract

Nitrogen fixation and assimilation processes are vital to the functioning of

any ecosystem. Nevertheless, studying these processes using 15N-based stable

isotope probing was so far limited because of technical challenges related

to the relative rarity of nitrogen in nucleic acids and proteins compared to

carbon, and because of its absence in lipids. However, the recent adoption of

high-throughput sequencing and statistical modelling methods to SIP studies

increased the sensitivity of the method and enabled overcoming some of the

challenges. This chapter describes in detail how to perform DNA- and RNA-

SIP using 15N.
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1. 1 Introduction4

1.1. 1.1 Background on 15N-SIP5

Nitrogen is the 3rd most abundant element in living cells by weight and is6

essential for synthesising proteins and nucleic acids [1]. Although the atmo-7
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sphere is composed of nearly 80% N2, nitrogen is biologically unavailable in8

this form and organisms must therefore either acquire fixed nitrogen forms9

from the environment or produce them themselves [2]. Some microorganisms,10

known as diazotrophs, can reduce dinitrogen gas into ammonia for their own11

needs in a process termed biological nitrogen fixation (BNF). BNF is one of12

the most energy costly processes in nature, requiring 16–24 moles of ATP for13

each mole ammonia produced [3]. It is therefore not surprising that BNF is14

tightly regulated on both transcriptional- and post-translational levels in the15

cell [4, 5]. This makes studying the ecology of diazotrophs in the natural16

environment challenging since detecting genes, or even transcripts cannot17

provide a guarantee for the activity of nitrogen fixation. Studying diazotro-18

phy using stable isotopes probing is, therefore, advantageous because it can19

provide a strong link between activity and genetic identity.20

Despite the cardinal importance of nitrogen to life and the centrality of21

nitrogen in many ecosystems, only a handful of studies involving stable iso-22

tope probing using nitrogen (15N-SIP) have been published to date. There23

are several good reasons why 15N-SIP is not as nearly as popular as 13C-SIP24

or even 18O-SIP. Probably the most important one is the fact that while25

N-transforming processes always drew considerable attention from microbi-26

ologists, many of them are dissimilatory, used solely for gaining energy and27

not for building biomass. Nitrogen assimilation is limited to BNF, or oth-28

erwise assimilation of fixed nitrogen forms from the environment such as29

ammonia, nitrate or amino acids (or peptides). However, assimilation of30

fixed nitrogen forms is widespread amongst most organisms and therefore31

provides relatively little differentiating power for targeting specific microbial32

2



taxa or guilds in natural communities. A second and obvious reason is that33

of the three types of biomarkers used for SIP, namely nucleic acids, proteins34

and lipids, only the first two contain nitrogen and can be used as targets35

for 15N-SIP, while lipids are excluded. An additional important reason for36

the relative lack of popularity of 15N-SIP is the difficulty in getting the cells37

to assimilate enough of the isotopic label. First, because of the high ener-38

getic costs, diazotrophs will typically only fix so much atmospheric nitrogen39

as to fulfil their basic requirements, so a high level of 15N assimilation is40

difficult to achieve. Secondly, and more important, is the fact that nitrogen41

atoms are much less abundant than carbon in proteins and nucleic acids,42

thus inevitably leading to a lower maximum mass addition upon labelling.43

As a result, while 13C-labelling yields a density gain of ca. 0.036 and 0.03544

g ml-1, 15N-labelling yields only a density shift of 0.016 and 0.015 g ml-1 in45

fully labelled DNA and RNA, respectively [6, 7, 8]. Lower density shifts of46

labelled DNA and RNA mean a greater overlap between labelled and unla-47

belled templates, which creates a significant challenge for analysing 15N-SIP48

data. In RNA-SIP, a greater overlap makes it more difficult to detect the49

enrichment of sequences above the background level. The problem is even50

more critical in DNA-SIP because DNA also migrates as a function G+C51

content and could cause unlabelled high-G+C sequences to become enriched52

in the heavy fractions of the gradient without being labelled.53

One successful way to overcome this was published in 2007 and used a two-54

step centrifugation protocol and the DNA-intercalating agent bis-benzimide [9].55

Briefly, the method works as follows: a first density gradient is prepared and56

centrifuged following a standard DNA-SIP protocol. Then, the heavy frac-57
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tions corresponding to a density of ca. 1.725–1.735 mg ml-1 are collected and58

pooled together. These fractions presumably contain labelled DNA of rel-59

atively low G+C content with unlabelled DNA of high G+C content. The60

DNA in these fractions is then used for a second centrifugation step in a CsCl61

density gradient containing bis-benzimide. During the second centrifugation62

step, bis-benzimide significantly decreases the BD of low G+C content DNA63

thus resolving it from unlabelled high G+C DNA (Fig. 1C). However, more64

recent works employing 15N-DNA-SIP tended to avoid this two-step proto-65

col and instead rely on the ability of high-throughput sequencing coupled66

with statistical modelling to detect labelled taxa and avoid false positives67

via the use of parallel no-label controls [10] (see Fig. 1 B and Chapters68

9 and 11). The first published attempt at 15N-RNA SIP is attributed to69

Addison and colleagues in 2010 [11], although the authors finally concluded70

that 15N-labelled RNA could not be definitely resolved from unlabelled RNA.71

However, it should be noted that the protocol used in that work deviated72

somewhat from the standard RNA-SIP protocol in several aspects, including73

using much higher amounts of RNA, higher centrifugation speed but lower74

temperature and shorter centrifugation time. Finally, a successful demonstra-75

tion of a 15N-RNA-SIP protocol was published in 2018 and using a standard76

RNA-SIP protocol in combination with amplicon sequencing and statistical77

modelling [8].78

1.2. 1.2 Experimental considerations79

As in any SIP experiment, incubating the sample in the presence of80

the 15N-labelled substrate should be prolonged enough to ensure that the81
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DNA or RNA are sufficiently labelled above the detection limit. In contrast,82

long incubation times will almost inevitably result in the labelling of non-83

diazotrophic microbes through cross-feeding. The issue of cross-feeding is of84

general concern in SIP experiments and has been mostly discussed for 13C-85

based SIP experiments (e.g., McDonald et al. 12, DeRito et al. 13), but86

diazotrophs have also been shown to release substantial amounts of fixed ni-87

trogen through cross-feeding or leaching [14, 15]. Diazotrophy is a slow and88

costly process, and, incubation times are accordingly relatively long com-89

pared to incubations with a 13C-labelled substrate. Consequently, 15N-SIP90

incubations targeting diazotrophs would require incubating the samples for91

several days or even weeks, depending on the specific level of activity of the92

system [8, 16, 10]. However, for targeting the assimilation of biologically93

available N-forms such as ammonium, nitrate or amino-acids, incubation94

times should be reduced to several hours to few days, since the process is95

much more rapid and requires only little energy from the cells [17, 18]. Be-96

cause of the greater overlap between labelled and unlabelled sequences in 15N-97

SIP compared to 13C-SIP gradients the chance of detecting false negatives98

and false positives increases. This can be remediated to some degree by99

increasing the number of replicates in the experiment.100

1.3. 1.3 Data analysis101

In essence, data analysis for 15N-SIP experiments is not different from102

what is used in other DNA- and RNA-SIP experiments. 15N-SIP experi-103

ments were analysed successfully using both traditional comparison of clone104

libraries [16] and statistical modelling of high-throughput amplicon data105
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(HR-SIP)[10, 8] and qSIP [19]. The much greater sensitivity achieved through106

high-throughput sequencing and statistical modelling is particularly advan-107

tageous for analysing 15N-SIP experiments, because the target guild is typi-108

cally small and only partially labelled, and because the separation between109

labelled and unlabelled nucleic acids is low. Figure 1 illustrates the results110

of a 15N-SIP experiment using only two phylotypes that differ in their G+C111

content and where only the low-G+C-content organism can assimilate 15N.112

Using standard DNA-SIP procedure the labelled and unlabeled phylotypes113

cannot be visually differentiated, because of G+C-content based density shift114

(Fig. 1 A and B). However, using a second centrifugation step in the pres-115

ence of bis-benzimide helps to resolve the two phylotypes (Fig. 1 C). How-116

ever, the two phylotypes can also be resolved using a standard one-step cen-117

trifugation if the results are statistically modelled using qSIP or HR-SIP118

(Fig 1 A and B). On the other hand, in RNA-SIP because G+C content119

has relatively little effect on buoyant density in the presence of formamide,120

the small mass addition from 15N labelling is visible. Nevertheless, using sta-121

tistical modelling to detect labelled phylotypes is nevertheless advantageous122

or even necessary in most real-life cases because of the increased sensitivity.123

1.4. 1.4 Procedures124

Methodological details for conducting both DNA-SIP and RNA-SIP are125

given below. In general, the steps for performing SIP are independent of the126

isotope used, so the protocols below can be used for processing samples from127

any DNA- or RNA-SIP experiment. For DNA-SIP, a protocol including a128

secondary centrifugation step in the presence of bis-benzimide is also detailed129
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as an optional deviation from the standard DNA-SIP protocol. Although this130

method is considered outdated by now, it is provided here for completeness.131

Since DNA- and RNA-SIP protocols share many similarities with each other,132

much of the protocol is given for both methods together, and deviations for133

each specific method are highlighted. All protocols assume that an environ-134

mental sample has been incubated in the presence of a 15N-labelled substrate135

and that total DNA or RNA have been extracted from the sample following136

incubation (see Notes 1 and 2). Methods for extracting DNA or RNA from137

environmental samples are well established and go beyond the scope of this138

chapter. Many commercial kits are available for this purpose, depending on139

the type of sample, as well as also general-purpose lab protocols (e.g., Angel140

and Angel 20).141

2. 2 Materials142

2.1. 2.1 Gradient preparation143

1. An ultracentrifuge, capable of achieving 177,000 × g and equipped with144

a vertical or a fixed-angle rotor for tube volumes of 2–8 ml (typically145

5–6 ml; e.g., VTi 90 from Beckman Coulter)146

2. Compatible polyallomer ultracentrifugation tubes and caps (one for147

each sample, e.g., Optiseal 4.9 ml)148

3. Refractometer (typically, Reichert’s AR200 digital refractometer)149

4. DNA samples in TE or water (0.5–5 μg; for DNA SIP)150

5. CsCl solution (prepare a 7.163M CsCl solution by dissolving 603 g151

CsCl in 500 ml of filter-sterilised molecular-grade water; confirm that152
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the density is ca. 1.89 g ml-1; store at RT; for DNA SIP)153

6. RNA samples in TE or water (300–500 ng; for RNA SIP)154

7. CsTFA solution (ca. 2 g ml-1; store at 4 °C; for RNA-SIP)155

8. Hi-Di Formamide (Thermo), or any other deionised formamide (for RNA-156

SIP)157

9. Gradient Buffer (GB): prepare a 0.1 M Tris-HCl (pH 8.0), 0.1 M KCl158

and 1 mM EDTA in RNase-free water, filter-sterilise (0.1 μm) into a159

clean glassware and autoclave160

10. Gradient Buffer (GB): prepare a 0.1 M Tris-HCl (pH 8.0), 0.1 M KCl161

and 1 mM EDTA in RNase-free water, filter-sterilise (0.1 μm) into a162

clean glassware and autoclave163

11. One 50-ml tube per gradient164

12. RNase-free water (for calibrating the refractometer)165

13. Bis-benzimide (Hoechst 33258, 10 mg ml-1 solution; for DNA-SIP166

using bis-benzimide)167

2.2. 2.2 Gradient fractionation168

1. Refractometer169

2. 1.5-ml non-stick tubes170

3. Test tube utility clamp mounted on a stand171

4. 20-ml syringe172

5. A flexible tube (approx. 30 cm; for instance an elastic HPLC tube)173

attached to the syringe on one end with a Luer-Lock connection fitting,174

and with an additional Luer-Lock connection fitting for a disposable175

needle on the other end176
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6. RNase-free water for displacing the gradient solution (enough to dis-177

place the entire volume of an ultracentrifugation tube times the number178

of gradients)179

7. Variable-speed, automatic syringe pump180

8. Disposable needles: 23G and 26G181

2.3. 2.3 DNA-SIP fraction precipitation182

1. GlycoBlue Coprecipitant (15 mg ml-1) or molecular-grade glycogen (see Note183

5)184

2. PEG 6000 solution (prepare a 30% PEG and 1.6 M NaCl solution185

by dissolving 150 g of polyethylene glycol 6000 and 46.8 g NaCl in186

molecular-grade water to a final volume of 500 ml and autoclave. Final187

solution is 30% PEG 6000 and 1.6 M NaCl)188

3. Ethanol (prepare a 70% solution using molecular grade ethanol and189

molecular-grade water)190

2.4. 2.4 RNA-SIP fraction precipitation191

1. GlycoBlue Coprecipitant (15 mg ml-1) or RNA-grade glycogen (see Note192

5)193

2. Ethanol (100%; molecular grade)194

3. Sodium acetate solution (3 M; pH 5.2, RNase free)195

4. Ethanol (70%; molecular grade in RNase-free water)196

5. Optional: RNA Storage Solution (Ambion)197
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3. 3 Methods198

3.1. 3.1 Gradient preparation and centrifugation199

1. Prepare all solutions in advance.200

2. Equilibrate the CsCl (for DNA-SIP) or CsTFA (for RNA-SIP) so-201

lution to room temperature for about 60 min (if stored at 4 °C).202

3. Calibrate the refractometer using pure water.203

4. Prepare the gradient mixture depending on the type of SIP (see below):204

3.1.1. 3.1.1 Preparation of DNA-SIP gradient mixture205

1. For each gradient, mix GB, DNA sample and CsCl solution to reach the206

desired density (typically 1.725 g ml-1) in a separate 50-ml tube. The207

volume of CsCl solution needed to achieve a specific density is given208

according to equation 1.209

VCsCl = Vmix ·
(ρmix − ρ(GB+DNA))

(ρCsCl − ρ(GB+DNA))
(1)

Where: Vmix is the volume of the entire gradient (typically the volume of210

the ultracentrifugation tube), ρmix is the desired final density of the gradient211

mixture, ρCsCl is the density of the CsCl solution, and ρ(GB+DNA) is the212

density of the gradient buffer and DNA mixture. The rest of the volume213

should be filled with the mixture of GB and DNA. The density of GB is214

around 1.01 g ml-1, while that of DNA solution is very close to 1 g ml-1.215

Although the exact density of the GB + DNA solution can be calculated,216

depending on the volume of the DNA sample, the effect of the latter on the217
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overall density is negligible, and it is safe to assume that the density remains218

unchanged. Hence equation 1 can be re-written as follows:219

VCsCl = Vmix ·
(ρmix − 1.01)

(ρCsCl − 1.01)
(2)

Assuming a tube volume of 4.9 ml, a CsCl solution with ρ = 1.89 and a220

desired density of 1.725 g ml-1 then VCsCl should be 3980 μl and the rest (920221

μl) should be a mixture of GB and DNA. It is recommended to prepare a222

volume larger by about 2–3% than needed to account for volume differences223

between tubes and for pipetting errors.224

2. Validate the final density using a refractometer and adjust accord-225

ingly if the reading differs from nD-TC = 1.4031 +/- 0.0002.226

3. Balance each tube pair according to the instructions of the ultracen-227

trifuge’s manufacturer.228

4. Centrifuge at 177,000 × gav (49,500 RPM for the VTi 90 rotor) at229

20 °C for >36 h at maximum acceleration and minimum deceleration (no230

brake).231

3.1.2. 3.1.2 Preparation of gradient mixture for two-step DNA-SIP using bis-232

benzimide233

1. Collect and pool fractions corresponding to densities between 1.725–234

1.735 mg ml-1 (see section 3.2) and discard the rest.235

2. Recover the DNA from these pooled fractions through precipitation.236

Resuspend in about 20–30 μl of TE (see section 3.3.1).237

3. For the secondary centrifugation gradient, prepare a fresh CsCl gradient238
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by following the steps above (see section 3.1.1), but replace 8 μl of the239

GB with 8 μl of bis-benzimide (10 mg ml-1).240

4. Load the recovered DNA from the first centrifugation step.241

5. Proceed with centrifugation, fractionation and DNA recovery as usual242

for DNA-SIP (see sections 3.1.1 and 3.3.1).243

6. The fractions corresponding to densities between ca. 1.690 and 1.710244

mg ml-1 should now contain the labelled DNA while fractions corre-245

sponding to densities between 1.710 and 1.713 mg ml-1 should contain246

unlabelled high-G+C DNA.247

3.1.3. 3.1.3 Preparation of gradient mixture for RNA-SIP248

1. For each gradient, mix GB, RNA sample (300–500 ng), and CsTFA249

stock solution in a separate 50 ml tube according to equation 2 for a250

final density of 1.825 g ml-1, but using only 97% of the final volume to251

leave room for the formamide (below). Assuming 4.9 ml final volume,252

mix 3900 μl CsTFA with 850 μl GB and adjust if the refractive index253

differs from nD-TC = 1.3702 +/- 0.0002. Again, it is advisable to254

prepare a slightly larger volume than needed.255

2. Add 3.59% vol. formamide (170 μl if mixed as above). Adjust if the256

refractive index differs from nD-TC = 1.3725 ± 0.0002.257

3. Balance each tube pair.258

4. Centrifuge at 130,000 × gav (42,400 rpm for the VTi 90 rotor) at 20 °C259

>65 h at maximum acceleration and minimum deceleration (no brake).260
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3.2. 3.2 Gradient fractionation261

1. Stop the ultracentrifuge.262

2. Fill a 20-ml syringe with RNase-free water; remove any air bubbles.263

3. Attach the flexible tube to the syringe and mount it on the pump.264

4. Set the syringe pump to the desired speed. To collect 20 fractions, set265

the speed to 0.75 ml min-1 and collect in 20-second steps (make sure266

the correct syringe volume is also set).267

5. Connect a new 23G needle to the tube and test the flow. Wait until268

water starts to come out of the needle.269

6. Prepare 20, 1.5 ml non-stick tubes per gradient in a rack (assuming 20270

fractions will be collected).271

7. Carefully remove the rotor from the centrifuge and release the screws272

or the lid. Ensuring that mechanical disturbance is minimal is crucial273

at this point.274

8. Mount 1 ultracentrifugation tube on the utility clamp about 1 cm above275

the opening of the first collection tube.276

9. Carefully puncture the ultracentrifugation tube horizontally with the277

needle connected to the flexible tube, just below the bottom of the neck278

in the ultracentrifugation tube (the top level of the liquid volume).279

10. Using a new 26G needle, carefully puncture a hole at the bottom of the280

ultracentrifugation tube and remove the needle. The ultracentrifugation281

tube should not leak at this stage.282

11. Place the rack under the ultracentrifugation tube so that the first col-283

lection tube is positioned right below the hole at the bottom of the284

tube.285
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12. Start the pump and then start the stopwatch immediately after the286

first drop falls out of the ultracentrifugation tube.287

13. After 20 seconds, shift the rack so that the solution starts dropping to288

the second collection tube. Continue in a similar fashion until all tubes289

are filled.290

14. Discard the used ultracentrifugation tube and continue with the next291

gradient.292

15. After finishing fractionating all ultracentrifugation tubes, measure the293

density of every fraction using the refractometer starting from the last294

fraction (the lightest). The density of the fractions should increase at295

a linear rate.296

3.3. 3.3 Recovery of nucleic acids297

3.3.1. 3.3.1 DNA recovery298

1. To each 1.5 ml tube containing a gradient fraction, add 2 μl of Gly-299

coBlue Coprecipitant (or 30 μg molecular-grade glycogen) (see Notes300

4 and 5) and approximately 2 volumes of the PEG solution. Mix by301

inversion.302

2. Incubate the tubes for 2 h at RT.303

3. Centrifuge at > 13,000 × g for 30 minutes at 4 °C.304

4. Decant the supernatant, add 1 ml of 70% ethanol.305

5. Centrifuge for > 13,000 × g for 10 minutes at 4 °C.306

6. Decant the supernatant and leave the tubes open to dry at room tempe-307

rature for ca. 15 min (preferably under an open flame or in a biological308

hood) to evaporate the remaining ethanol.309
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7. Resuspend in 30 μl TE buffer or sterile water. Store at 4 °C up to310

several days or frozen at -20 °C or -80 °C indefinitely.311

8. Proceed with PCR amplification and sample preparation for sequencing312

using any standard protocol.313

3.3.2. 3.3.2 RNA recovery314

1. To each 1.5-ml tube containing a fraction, add 2 μl of GlycoBlue Copre-315

cipitant (or 30 μg RNA-grade glycogen), 2.5 volumes of 100% ethanol316

and 0.1 volumes of sodium acetate (assuming 250-μl fractions were col-317

lected and 40 μl of each was used for density measurement, add 21 μl318

of Na-acetate and 625 μl of 100% ethanol). Mix by inversion.319

2. Incubate the tubes for 30 min at -80 °C.320

3. Centrifuge at > 13,000 × g for 30 min at 4 °C.321

4. Decant the supernatant, add 1 ml of ice-cold 75% ethanol, invert the322

tube several times.323

5. Centrifuge at > 13,000 × g for 15 min at 4 °C.324

6. Remove as much as possible from the supernatant first using a 1-ml325

tip, spin down the remaining drops in the tube, and remove the rest of326

the liquid with a 100-μl tip. Be careful not to disrupt the pellet.327

7. Leave tubes open to dry at room temperature for ca. 15 min (preferably328

under an open flame or in a biological hood) to evaporate the remaining329

ethanol.330

8. Resuspend the pellets in 10-μl RNase-free water or RNA Storage Solu-331

tion. Proceed immediately to synthesising cDNA or store at -20 °C to332

-80 °C.333
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9. Synthesise cDNA using any commercial reverse transcription kit (see334

Note 6).335

10. Proceed with PCR amplification and sample preparation for sequencing336

using any standard protocol.337

4. 4. Notes338

1. Substrate enrichment level. Typical SIP experiments involve using339

high substrate concentrations to achieve maximum labelling. Since 15N2340

is also non-toxic, there is no limitation in supplying the incubation vi-341

als with atmospheric or even super-atmospheric concentrations of 15N2342

gas (e.g., in anoxic incubations). However, this might not be necessary343

since even in very active systems only a small fraction of the dinitro-344

gen gas eventually gets fixed. To save on costs, some of the gas can be345

replaced with another inert gas such as helium or argon. We have incu-346

bated several types of soil under an atmosphere of 40:40:20 (15N2, He,347

O2) and noticed no difference in labelling compared to incubating the348

samples under 80:20 (15N2, O2; data not shown), although this should349

probably be best confirmed for every type of sample.350

2. Substrate contamination issues. Bottles of 15N2 are nearly always351

sold at a purity of around 99% (and >97% isotopic enrichment). Ho-352

wever, the single remaining percent of foreign substance can turn out353

to be detrimental, because it was found out that a significant fraction354

of it is in the form of 15N-labelled ammonia and nitrate [21]. Ideally,355

every batch of labelled gas should be tested for potential contamination356

either by direct measurement of ammonia and nitrate, or, for example,357

16



indirectly by incubating a culture of a non-diazotrophic microorganism358

in the presence of the gas as a sole nitrogen source and then testing if359

the label has accumulated in the biomass.360

3. Amount of template to use in a gradient. For DNA SIP, template361

amounts of 0.5–5 μg are typically used in the literature. There does362

not seem to be an upper limit to how much DNA can be loaded, but363

adding a large amount of an aqueous DNA solution will eventually sig-364

nificantly reduce the average density of the gradient. The final amount365

of DNA that should be loaded on a gradient will depend on the size of366

the target guild compared to the total population and the downstream367

applications (i.e. PCR based analysis vs shotgun genomics). In con-368

trast, much lower template amounts are used for RNA SIP because it369

has been reported that RNA will precipitate in a CsTFA density gra-370

dient in concentrations above approx. 80 ng of RNA per ml of gradient371

solution [22]. Luckily for targeting rRNA this is rarely an issue because372

rRNA accounts for over 80% of the total rRNA in a bacterial cell (with373

SSU rRNA alone accounting for ca. 27%), however for a transcriptomic374

analysis enrichment of mRNA might be needed [23].375

4. Type of glycogen. Standard molecular-grade (or RNA-grade) glyco-376

gen may also be used, but the pellet will most likely not be visible and377

can be accidentally lost in the washing process. Using dyed glycogen378

such as GlycoBlue helps to prevent loss of precipitated nucleic acids.379

5. Purity of glycogen. Non-molecular-grade glycogen may contain resid-380

ual nucleic acids, and molecular-grade glycogen which is not RNA-grade381

may contain residual RNA. The presence of foreign DNA or RNA can382
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significantly obscure the results of the SIP experiment and it therefore383

highly recommended to use an appropriate glycogen, and to verify by384

PCR that the glycogen is free of contaminating nucleic acids.385

6. cDNA synthesis. Because the RNA concentration in each fraction is386

very low (typically 1–300 ng, depending on how the gradient was de-387

signed and fractionated) the reverse transcriptase can be safely diluted388

10-20 times before use without any noticeable effect on the reaction389

yield. Store at -20 to -80 °C.390
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Figure 1: Figure 1: Illustration showing the hypothetical results of a 15N-SIP experi-

ment analysed using different methods. A simplified community composed of only two

phylotypes: phylotype 1 and phylotype 2 with genomic G+C contents of 51% and 67%,

respectively. Each panel shows a simulated distribution of the two phylotypes in different

SIP gradients. The x-axis shows the density of the fractions in the gradient while the

y-axis shows the abundance of the two phylotypes in each fraction (e.g. obtained using

qPCR). A. In a 14N-control DNA-SIP, phylotype 2 is centred around the denser parts

of the gradient compared to phylotype 1 because of its higher G+C content. B. In a

15N-labelled DNA-SIP, only phylotype 1 incorporated the label and as a result migrated

towards the denser fractions by about 0.016 g ml-1. However, this minor shift doesn’t

allow for visual separation from the unlabelled phylotype 2. Green arrows illustrate the

binary comparison of the abundance (typically relative abundance) of each phylotype in

its heavy fractions of a labelled gradient against its abundance in the heavy fractions of an

unlabelled (control) gradient. Significantly higher relative abundance in the heavier frac-

tions of a labelled gradient indicate labelling. Blue arrows illustrate the comparison done

using qSIP where the mean shift of the buoyant density of each phylotype is calculated

to determine its level of enrichment. C. In a secondary gradient using bis-benzimide both

phylotypes migrate to the lower-density fractions but the low-G+C phylotype reduced its

buoyant density more than the high-G+C phylotype and the two can be visually sepa-

rated. D. In an RNA-SIP gradient, because G+C content has relatively little effect on

buoyant density in the presence of formamide, the small mass addition from 15N labelling

is visible. However, the statistical modelling using e.g. HR-SIP or qPCR will dramatically

increase the detection power of the method (see Chapter 9 and 11 for further discussion.)
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