
Supplementary Material

Analysis of bacterial folates

The main steps to assess folates in biomaterials such as microbial biomass, foods or blood

serum are described below.

Extraction

The sample preparation is often given the least attention but will have a significant impact on

folate availability for the steps to follow; deconjugation and detection. For a complex and/or

rigid sample such as many foods, grinding and homogenization (often of a lyophilized sample)

in a suitable buffer system followed by heating and centrifugation is usually necessary[1].

Heating during the extraction procedure causes thermal denaturation of folate-binding

proteins and enzymes that may catalyze folate degradation or interconversion and also

precipitate structural proteins (Gregory, 1989; Keagy, 1985), which may aid the folate release.

Natural folates are however unstable and susceptible to thermal and oxidative degradation

(see section X), and need to be stabilized during the whole procedure (Strandler et al., 2015).

Samples should be protected from UV light, oxygen, and metal ions, such as copper and iron,

that can promote free radical oxidation reactions. All analytical steps should be optimized

toward shorter incubation times and lower temperatures everywhere it does not deteriorate the

yield of folate (Strandler et al., 2015).

For analysis of the folates within microorganisms such as bifidobacteria and yeasts, it has

been found that lyophilized microbial biomass can be extracted effectively without need for

prior mechanical destruction (Hjortmo et al. 2005 Trends in Food Science & Technology 16

(2005) 311-316; D’Aimmo et al., 2012).

The combination of two antioxidants; ascorbic acid and a thiol, has been found most efficient

to protect folates from degradation (Wilson and Horne, 1984). The combination of ascorbic

acid with 2-mercaptoethanol (Eitenmiller et al., 2008; Wilson and Horne, 1984) has also been

used. However, 2-mercaptoethanol is less effective and more toxic than other thiols, such as

2,3-dimercaptopropanol, 1,4-dithiothreitol, or 2-thiobarbituric acid (Patring et al., 2005).

Using an HPLC method developed for yeast, 2-mercaptoethanol was successfully replaced by

more efficient and the less toxic thiols 2,3-di-mercaptopropanol for bifidobacteria[2] and 1,4-
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dithiothreitol[3].

Deconjugation

Bacterial intracellular folate, as well as eucaryotic folates in, e.g yeasts and plants, are present

mostly in the form of polyglutamates. The number of glutamate residues varies commonly

between 2 and 11 glutamates, and distribution depends on the organism and growth

conditions (Bassett et al., 1976; Sybesma et al., 2003b). Three or more residues are

predominant (Shane et al., 1983; Sybesma et al., 2003b). The current methods for folate

analysis have limitations regarding polyglutamate detection. The MA using L. casei subsp.

rhamnosus ATCC 7469 yields a similar response only to mono-, di-, and triglutamates,

whereas response to polyglutamates with longer chains is low or absent (Eitenmiller et al.,

2008; Goli and Vanderslice, 1992). Most HPLC methods allow the determination of only

folate monoglutamates (Eitenmiller et al., 2008; Jagerstad and Jastrebova, 2013; Strandler et

al., 2015). Therefore, the deconjugation of folate polyglutamates is essential for reliable

results in the analysis. For deconjugation, the sample may be incubated with for instance,

chicken pancreas conjugase or rat serum for deconjugation of folate polyglutamates to

monoglutamates, followed by boiling for a short time. Chicken pancreas deconjugates folate

polyglutamates to diglutamates and can therefore be used only for MA, its pH-optimum is 7.8

(Arcot and Shrestha, 2005). Rat serum provides efficient deconjugation of folate

polyglutamates to monoglutamates without compromising stability because the pH- optimum

of rat plasma conjugase is 6.2-7.5 (Horne et al., 1981).

Detection/quantification

Microbial folate production (e.g. expressed as the change in folate content in a microorganism

per unit biomass and culturing time in a folate-free medium), as well as folate content in e.g

foods, can be assessed either by microbiological assays (MA)[4-6] or high-performance liquid

chromatographic (HPLC) techniques[2] coupled to detection with UV absorbance or mass

spectrometric (MS) technology. Both methodologies are widely used for folate analysis and

have their pros and cons.

Microbiological assay (MA). The basis for the MA is to select a microorganism that requires

an external supply of folate and is unable to synthesize the folate by itself. Provided

everything else needed is present in the medium, the growth will depend on the amount of

folate in the added sample. The MA is very sensitive (sub-nanogram levels) and does not
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require advanced analytical instruments, and hence often possible to perform at laboratories

with microbiological skills and facilities. However, it is time-consuming and strictly

quantitative and will therefore not give information on the relative concentration of different

folate forms. It is critical to choose the right species and strain of microorganisms for the MA

assay since it depends on equal response on growth for the different folate derivatives.

Different species have been tried, including Enterococcus hirae ATCC 8043 or Pediococcus

acidilactici. However, The MA using L. casei subsp. rhamnosus ATCC 7469 has shown to

yield equal response to different folate forms and has hence become standard.

Different research groups have continued to develop the MA to increase reproducibility and

shorten the time (from several days down to approximately one). For instance, the use of

glycerol cryoprotected frozen inoculum (in contrast to stepwise precultures) of L. rhamnosus

and applying automatic microtiter plate readers to assess the growth has reduced the cost and

time of the assay[7,8].

A potential risk is that slightly different lab routines and history of the test organism may lead

to inter-laboratory differences when using MA. This means that, provided good

microbiological understanding and facilities for the maintenance of bacterial culture,

quantification in relative terms may be very accurate between samples within one lab, but less

reproducible between different labs.

HPLC. The application of HPLC separates and detects individual different folate forms but

requires expensive equipment and expertise in using these techniques and interpreting the data.

Ion-exchange chromatography is a popular technique for separation and purification of

individual folates. Purification of extracts has been performed using different columns such as

DEAE-Sephadex A-25[9]; weak anion-exchange column[10,11]; a strong anion exchanger[12] and

cation-exchanger[13].

UV absorbance detection method responds to all folates, although its sensitivity to samples

having low folate concentration[14] can be low. There is a good correlation, however, between

the folate values detected by UV absorption and those quantified by Lactobacillus rhamnosus
15,16. fluorescence detectors have also been successfully used.

Mass spectrometric (MS) detection provides new opportunities for HPLC determination of



folates because of its high selectivity and sensitivity. Different types of mass spectrometric

detectors have been used for folate HPLC analysis: single quadrupole (MS), triple quadrupole

or tandem mass spectrometer (MS/MS), and matrix-assisted laser desorption/ionization mass

spectrometer (MALDI/MS)[17-19]. These detectors have been shown to be superior to UV- and

fluorescence detectors regarding limit of determination, selectivity, and sensitivity. Recently,

novel methods combining HPLC with mass spectrometric detection, such as LC-MS/MS and

LC-MALDI/MS have been successfully applied to profiling of different folate derivatives in

bacteria[18,20,21]. The development of these methods requires very careful optimization of

sample pretreatment, especially purification steps, as well as separation on HPLC column in

order to minimize the matrix effects that can result in ion suppression/enhancement of MS

signal.
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