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Abstract

The amount, nature, and fate of DNA and proteithim major purification fractions generated during
industrial scale refining of sugar cane into ravgauby the diffuser and tandem roller mills was
determined. The presence and size of sugar canelN@ estimated using PCR and sugar cane specific
primers that amplified fragments of various sizemnf different segments of the repetitive intergenic
region (IGS) of the 25S rDNA. Both the maximum fragnt size capable of amplification and the amount
of DNA decreased as refining progressed, indicageguential degradation during the milling. However
PCR still detected minute quantities of sugar c&i¢A in raw sugar (<10e-3 ppm). Using a
bicinchoninic acid assay on trichloroacetic acidgipitated sodium dodecylsulfate-extracts, proteds
found in all mill fractions and decreased from 4306010 ppm as sugar cane was refined to raw sugar.
Analysis of these extracts by one- and two-dimervaiogel electrophoresis suggested a gradual
degradation of proteins during refining. Shotguntpomic analyses identified complex populations of
sugar cane proteins, or peptides thereof, in dll fngictions, but the population complexity decregés
during processing. Retail-purchased refined camgarsshowed no detectable protein or DNA (<2 ppm
protein; 0.001 ppm DNA).
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I ntroduction

Crystalline sugar is manufactured from sugar car{fpagasse, BG) is dried and used as boiler fuel,
by a multistep extraction and purificationanimal feed, or in paper manufacture. Primary
procedure using either a tandem roller mill ojuice is filtered and then clarified by heatingtive
diffuser mill (Figure 1). Cut cane pieces (CP) arpresence of lime to precipitate impurities,
first shredded, imbibed with water and therespecially protein. After filtration to remove the
crushed between sets of rollers to release tipeecipitate called filter cake (FC), the clarified
primary juice (PJ) (tandem mill); alternativelyjuice (CJ) is concentrated by evaporation resulting
shredded cane is extensively lixiviated (rinsed and precipitation of raw sugar crystals (RW). The
percolated with recycling ~80°C water) to obtaivaporation/crystallization process is repeated unt
the primary juice (diffuser mill). Cane residueno more sucrose crystallizes.
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Figure 1: Processing of sugar cane into various end prodiiagor mill fractions analyzed in this work
are in solid boxes. End products are italicizetenmediate products are in dashed boxes. Exogenous
additions to fractions are in ellipses.

The residual liquid called molasses (MO) is mixegrocess. Methods were tested on eight mill
with yeast and fermented to produce ethanol. Aftéractions from two commercial sugar cane mills in
recovery of the ethanol the residual fermentatioBrazil, one using the newer diffuser extraction
solids are removed by centrifugation to vyielgprocess and one using the more traditional tandem
vinasse (VI) which can be used as fertilizer oroller mill process. The methods were shown to be
animal feed. rapid and very sensitive, routinely capable of

The objective of this study was to determine th%ﬁtecg?]% E(r)?]tqel{éxagngﬁAs g‘bg\%ythcggcgggag%ddl
fate and concentrations of sugar cane DNA an Y P P '

proteins throughout the industrial refining procesepm I_evels, respectn/_ely. Res_ults shpweq DNA and
of sampling eight different fractions (Figure 1) protein are present in all mill fractions; however

The fate of nucleic acid and proteins during sugzg?e amount and size significantly decrease as the

cane was refined to raw sugar.
manufacture from sugar beet and sugar cane &Y 9

been published (Klein et .all998; Oguchi et al
2009; Taylor et a) 1999; Joyce et al2013; Potter .
et al., 1990). These reports focused on tH}é| aterialsand Methods

detection of specific fragments of the foreign DNASample Acquisition and Preliminary Processing

present in the transgenic plants used as starti . . :
materials. Here we report the development O%%mples were col.lected "."F two.d|fferent '”dlis“.”a'
ugar cane mills in Brazil: a diffuser type (“mill

robust and highly sensitive methods that enab ) and a tandem roller type (‘mill G”). Eight
detection and sizing of the total DNA and protemample types were coIIecteglpin triplicate f.romgeach
of conventional sugar cane throughout the refinin il CP, BG, EC, PJ, CJ, MO, VI and RW (Figure
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1). CP samples were collected in plastic bags anONA repeat unit was amplified using a pair of
immediately placed on dry ice. All other sampleprimers designed from the sequence of the
were collected in polypropylene bottles and placetbnserved 18S and 25S coding regions (25SCONS
immediately on dry ice. Samples were then storexhd 18SCONS; Table 1) and purified sugar cane
at -80°C until shipment on dry ice to the US. UpoDNA as the target. The amplicon was purified by
arrival CP, BG, and FC samples were lyophilizedgarose gel electrophoresis and sequenced (Sup-
for four to five days, resulting in a moistureplementary Figure 1S). The sequence was analyzed
content of <5%. FC samples were placed at -80°Gsing BLASTN at NCBI and the region that was
while CP and BG samples were ground to a homepecific to sugar cane and other related monocots
geneous powder in a GM200 Grindomix (Retschle.g. Sorghum bicolor, Zea may} identified.
before storage at -80°C. CJ, PJ, MO, and \Rrimers were designed to specifically amplify
samples were not processed before analysis. Suffagments of different sizes from the sugar cane
cane leaf samples were harvested froimtergenic spacer region (IGS; Figure 2).

greenhouse-grown plants (varieties CP-89-214.|'.-}ne se : . :
ey . . : guences of the primers are given in Table 1.
and SP-70-1143), placed immediately on dry '*The primer pairs and the expected fragment sizes

and then ground to a homogeneous powder &?e: ALIAR — 273 bp, 4L/5R — 552 bp, 7L/7R — 800
above before lyophilization for three days an 0, 2L/3R — 1760 bp.

stored at -80°C.
DNA | solation
Tablel

DNA was isolated from samples using Plant DNA
miniprep or maxiprep kits (Qiagen) as per th&rimer Sequences

manufacturer’s instructions except where nOtC‘Erimer Name _ Primer Sequence (5’ - 3)

When the miniprep kit was used, 100 mg samptggs:ons AAAACACCAGCTCCCCAAC
were ground in a mortar and pestle with 400 pL oigscons AAGGCAACACGTAACCGAAC

extraction buffer, except for the BG and FGaneoL AGTGAAATCACCGGGCATC

samples, where 12Q0L of buffers were used and Cane3L GGTTACGTGTTGCCTTCGTC

volumes of all other reagents were increasdthnedl AAAAGCACAAGCGAGGTGTC

proportionally. When the maxiprep kit was used 1gane4R TTTGGACCTGTGACTGCTTG

of material was extracted. The final elution volumnga”egﬁ %gﬁgﬁgi&;%%%&%%%
i i ane

was 200 uL for the miniprep extractions and 1 B err GOCTAGCTOGBAGGGCTA

for the maxiprep extractions. A 606 aliquot
from each maxiprep extraction was then reduced to
20 pL by vacuum reduction at room temperatur
DNA isolations were independently performe CR Method
from each mill fraction at least three times. PCR reactions were performed in 25 pL with
Total DNA Quantitation variable amounts of te_mplaf[e, up to a maximum of
50 ng per reaction with primer concentrations of
DNA concentrations were determined using botb.2 uM. When DNA concentrations were lower
spectrophotometric and flurometric methodshan 5ng/ pL, 1QuL of the DNA preparation was
Purified DNA samples were measured at 280 nmased. The amplification program used an initial
260 nm, and 230 nm (NanoDrop 8000; Thermadenaturation step at 98 for 2 min, followed by 35
Fisher) and in an Applied Biosystems Step-Oneycles of denaturation at 92 for 15 sec, annealing
gPCR system using SYBR green. DNA samplest 6(°C for 30 sec and extension a@Zor 2 min.
from each extract were also analyzed on 1%wo different polymerases, GoTag (Promega) and
agarose gels with TBE buffer and visualized unde3peedstar (Clontech) (1.25 units each) were added
ultraviolet light (UV) following ethidium bromide to ensure that fragments of different sizes coeld b
staining. amplified. Following amplification, PCR products
PCR Primers were visualized on 1.5% agarose gels run in 0.5X

TBE buffer, stained with ethidium bromide, and
The intergenic spacer region of the sugar camtotographed under UV.
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Sugar cane sequence of amplified bands from conserved region of 25S ribosomal RNA into the intergenic spacer region.

GTGGCGCGAAGCTACCGTGTGCCGGATTATGACTGAACGCCTCTAAGTCAGAATCCAAGCTAGCAACCGGCGCCTGTGCC
CGCCGCTCGCCCCGACCCACATTAGGGCGTTCGCGCCCCAAGGGCCCGTGCCACTGGCTCAGCCCGCCCGGCCGACGCG
CCGCGGCGGGCCCCCTCGAAGCTCCCTTCCCAACGGGCGGCGGGCTGAATCCTTTGCAGACGACTTAAAACGCGACGGG
GCATTGTAAGTGGCAGAGTGGCCTTGCTGCCACGATCCACTGAGATCCAGCCCTGCGTCGCACGGATTCCTCCCTCCCCCC
CTCCACGCCCCCGGGCCGAGTCAGGCTCCCACCCCGCGTGGCCGTGGCCGACCCTGCCGAACGGCACCGCGCTCGTCTC
CGGCCAAAGGCAAGGCAGCCCANAAATGAAATTGGCTAAGTGAAATCACCGGGCATCCGCTCCGTGCGCCCTGGGCAAAA
ACACCAGCTCCCCAACGCGTCCGGGGCCAAAAACACCAGGTC
GGCCACATGGTCCGTGAGCANCCCAAGTCCCCGGAAAGCCGGCTTTCCTACACGTGACAGATATGCGCCCGGGGCAGTTC
TCCCANGCGGCANGGCTGAAAACCNNCGGTTCTCCCANGCGCCNGAGCTGAGACACANCGNTNNNCGGACTGGCCAANTC
CCCCNGGCCGACGGCACCCGGTGGGGGGAAACANCGGTTCTCCCTGGCGCCCGGGCCNAAAACCANNAGTTCTCNCANG
NNNTCTNCGGAAGACAGGNCAAGTCCCCGGGCCGACTGCACCCACGGGGCGNAAACAGCGGGNTCNCCCTGGCGCCANG
GCCNAAACCNNNNTTNGCCCANGCGCCGGCGCTGAGACNCANCGNTTCGGCAGGNGGTNCNCNGAAGACAGNCNAGTCC
CCGGGNCGANNNCGCCNCGGGGNGGAAACAGCTGTTCNNCNTGGCGNCAGGGCTGAAACAGCAGT

Sugar cane sequence of amplified bands from conserved region of 18S ribosomal RNA into the intergenic spacer region.

GATTGGGTAATTTGCGCGCCTGCTGCCTTCCTTGGATGTGGTAGCCGTTTCTCAGGCTCCCTCTCCGGAATCGAACCCTAAT
TCTCCGTCACCCGTCACCACCATGGTAGGCCCCTATCCTACCATCGAAAGTTGATAGGGCAGAAATTTGAATGATGCGTCGC
CGGCACGAGGGCCGTGCGATCCGTCAAGTTATCATGAATCATCGGATCAGCGAGCAGAGCCCGCGTCAGCCTTTTATCTAA
TAAATGCGCCCCTCCCGGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGCACGTACCA
TCAAACAAACTATAACTGATTTAATGAGCCATTCGCAGTTTCACAGTTCGAATTAGTTCATACTTGCACATGCATGGCTTAATC
TTTGAGACAAGCATATGACTACTGGCAGGATCAACCAGGTAGCACGTCCTCGCCGACGAGCCGGCGCCGGCCTCCGCACG
AGGCATCGGCCGGGCTGGCTGTCGTTGTTTCCAAACGGACTCGGTTTCTAGGCACGGGAGGCCAACGCCCTCCGGCCTTC
GGCATCAGCCGCATCCGCAACCAAAAGCACAAGCGAGGTGTCCTTGGCGGTGCCGCCCTAGGAGGACGACATCACGAGGC
AACGCCGCAAGTGCTCTAGAGCCGACGAGCCACACCCAGAGGGTGCGCTCGACGAAGGCAACACGTAACCGAACGCAACT
TCCCGTGGGACAGGTAGCAGCACGCAAGCACTCGTCAACGCAGCAGGCAAAAGGTGCCCGCACGAATGAAGGGACGCTG
GCGCTAGGAGTCAGCCGCACGCCGGCGGGGGTCCTCCAAGCAGTCACAGGTCCAAAACAACTCATGCGCCAGCGTAGCCA
CGACGGTTAAGCCATCCAAAGCATCCCTCCGCGCTAGGCACGGTGAGTCTGCTTGCGAGGACGGCAACCGAGGGTCCACA
GAGCGCGAGAGAAACCGAAACTTATCCAACAGCGGGCCAAAACCGTGCAGCCGAAACCGTTCCAGCAACAAGATTCCTCCC
ATGGGAGCCAGCTGCCCGCAGCAGCCCGCAGAAGCAGGCCACCACAGGCTGCCGGCCGTCCAAGAAGGCCGCGAGTCAC
CGAAACAATCCCAACAACACGTTGGCCACCCCAGCCAGCCAGCTACCCACAGCATCCCGCCAAAGCAGGCCGCCGCAGGC
TTCCGCCCGGCCAAGAAGGCGGCGCATCATCAAAACAGTTCCAACAACAAGCTAGCCACCCTAGGCAGCCAGCTGCCCAAA
GCAGCCCGCCGAAGCAGGCCACCGCAGGCTGCCGACCGTCCAAGGAGGCCGCAAGTCACCGAATCCGTTCCAACAACAC
GCTAGCCCTCCCAGCTAGGCAGTCGCCCGCAGCAGCCCACCCAAGCAGGCCGCCGTAGGCAGCCGGCCACCCNGGAGGC
CGGGAGTCGTTCCGACACCACGCTGGCCACCGAGCCAGCCCGCGGCCCATAGCAGCCCG

Sequence of the fragment amplified from raw sugar using primers 4L and 4R

AAAAGCACAAGCGAGGTGTCCTTGGCGGTGCCACCCTAGGAGGACGACATCACGAGGCAACGCCGCAAGTGCTCTAGAGC
CGACGAGCCACACCCAGAGGGTGCGCTCGACGAAGGCAACACGTAACCGAACGCAACTTCCCGTGGGACAGGTAGCAGCA
CGCAAGCACTCGTCAACGCAGCAGGCAAAAGGTGCCCGCACGAATGAAGGGACGCAGGCGCTAGGATTCAGCCGCACGC
CGGCGGGGGTCCTCCAAGCAGTCACAGGTCCAAA

Supplementary Figure 1S: Single pass sequences of PCR amplified fragmentsedaugar cane large
ribosomal RNA intergenic spacer regions used &sighing primers:

Protein Extraction M ethod were the heated at 85 for 60 min with occasional

Four mL of 3% (wiv) solutions of CP, BG, FC am{;lxmg by inversion. Tubes were centrifuged for

VI were prepared in 15-mL polypropylene tube 5 min at 23C qn'd 6500 g in a swinging buc.ket
(Sarstedt) and adjusted to 1% sodium dodecyr(_)tor. CJ-containing samples were not centrifuged

e . as some SDS precipitated at’@5but not 65C.
fnurlr]:at'erri(ss-ag +p1|_(|) n;rr51 d('tshécggggglct(iggTLl;féPThree ml of 1% sodium deoxycholate (DOC) was

SEB). Similarly 15-20% solutions of PJ, CJ, MOmZ(Sedm'In;? o 3{0‘;ﬁ‘;ga%gzgr;itig‘”tngg"Wi?te?y
RW, or retail-purchased refined sugar (RF) werg 0 ( )-

prepared and identically adjusted. All samplegmxIng well and sitting 15 min on ice, the tubes
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were centrifuged at 6500 x g for 15 min &€7and Gel Electrophoresis

drained for 5 min. Then, 1.5 ml of acetone wag : .
’ nalytical and preparative SDS-PAGE was
added, the tubes were vortexed for 15 sec, aBgrformed using 4-20% gradient gels (Thermo

yoi?:)f}:]ed If2 :"é C(iosrsalrs tr?g r][u\évétshwae?eZ%%?g;gglfScientiﬁc 0025244). For analytical-scale samples,
9. y EO-GOpg of protein in 15 pL, were adjusted to 2%

c6 Tor 10 min, contituged, supernatants removeg DS - 2% beta-mercaptoethanal + 1% glycerol +
’ ged, sup '05% bromophenol blue and boiled for 5 min

and the tubes drained. Then 1.5 ml of 85% aceto Sfore loadina. The aels were run at 50V. treated
was added and the tubes were vortexea' 9: 9 '

. . ) : ith BioSafe Coomassie Stain as per manu-
centrifuged, drained and dried at’G7or 15 min. o . .
The precipitate was dissolved in 0.2-0.5 ml of O. cturer's instructions and photographed with a

0 o . igital camera. Peptide mass fingerprinting to
% SDS + 10 mm Tris-HCI 7.5 at & for 20 min identify single protein bands excised from

with occasional vortexing and/or sonication. Fo : .
preparative SDS-polyacrylamide gel electrophoré[’l nalytical gels was performed essentially as

sis (SDS-PAGE) of proteins extracted from Cfescnbed by Schell et.42011).

MO, RW and RF the procedure was scaled upreparative SDS-PAGE was run analogously,
seven-fold. Protein content was determined usirexcept 15Qug of protein was loaded on the gel; for
the microplate Micro BCA protein assay (Thermd&W, 35 pg was loaded. Electrophoresis was
Fisher) as recommended by the manufacturerarried out until the bromophenol blue dye had
Protein at concentrations as low as 4¢iml of migrated one-third of the way down the gel. The
mill fraction could be detected with this protocol stained portion of each lane was excised and cut in
The Overall recovery of protein from fractionshalf producing a high-molecular mass containing a
with low protein concentrations (CJ, MO, RW, RF¥lice (50-250 kDa) and low-molecular mass (6-50
was >50% as determined by analyzing milkDa) containing slice.

fractions spiked with known amounts of protei
added (7ug /ml each of bovine serum albumin an%
lysozyme).

amples for two dimensional gel electrophoresis
2-DGE) were prepared by SEB extraction and
DOC/TCA precipitation as described above.
In some preliminary experiments, proteins in milSamples were processed using a ReadyPrep 2D
samples were extracted with LBT (7 M urea + 2 MCleanup Kit (BioRad) followed by dissolving in
thiourea + 12 mm Tris-HCI 7.5 + 4% CHAPS + 1Ready-Prep  Rehydration Buffer (BioRad).
mm DTT) (Amalraj et al., 2010), precipitated withSamples containing 1Q® of protein were applied
DOC/TCA, washed and redissolved in the sant® 11 cm pH 4-7 Ready-Strip IPG Strips (BioRad)
fashion as when using SEB. A P-PER kit (Piercdpr 12 hr. IEF was performed using the BioRad
was also wused for additional preliminaryProtean IEF cell at 20°C with the following
extractions, according to manufacturer’s instrucprogram: 250V with a linear slope for 20 min;
tion. 8000V with linear slope for 150 min; and 8000V
with a rapid ramp for 20000 V-hr). IEF the strips

800 b|
; were processed as recommended by the manu-

ss2bp facturer. The strips were applied to 1.0 mm

18 7L 255 Criterion precast 12.5% gel (BioRad) and run at

CONs 4 & SR TR cons 200 V for 1 h. Spectra Multicolor Broad Range

a '2735;)“ ‘ molecular mass standards (Thermo Scientific)
185 } s | were run adjacent to each strip. Gels were treated
| 1760 bp i Ll With BioSafe Coomassie stain as above and then
3R IGS A scanned using the Amersham BioSciences image

scanner and the associated 2D Platinum software
Figure2: Position of primers within the rDNA ~ USed to view, analyze, and compare the images.
repeat unit. 25S CONS and 18S CONS are Spots were identified using intensity >4000, area
conserved primers within the 25S and 18S coding 2 volume >6000, and saliency >200.
regions, respectively. The remaining primers are
within the Intergenic Spacer Region (IGS).
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M ass Spectrometry primers were tested on sugar cane leaf DNA, and

Shotgun proteomic analyses (liquid chromate. all cases the expected fragment size was

bserved. The new primers 2L and 3R were used
raphy coupled to tandem mass spectrometry (LE- :
%AS?M)é)) V\F/)ere performed on apThermo-F?/sr(]e‘rN'th sugar cane DNA and the resulting fragment

LTQ Orbitrap Elite Mass Spectrometer coupleéSOIated and sequenced. This sequence was used to

with a Proxeon Easy NanoLC system TryptigeSign additional primers that amplified a range of

peptides were derived from the high and loyragments of different sizes from the IGS. The

molecular mass preparative SDS-PAGE gel slic imer sequences are in Tabl_e 1. The positions of
essentially as described by Schell et al. (2011 e various primers and the sizes of the fragments

except reagent volumes were increased 3 fol mplified are shown in Figure 2.

Extracted peptides (~ 0.2%y) were first passed DNA Quantitation

t(gri?)l:]%z) aTEEpeI\I/IuaaF')ceSWQSH}o); dge?jooﬁrg Séﬁ?ogér;? e quantity of DNA isolated from the various
: ) | SET-p ill fractions was determined by three different

12 cm x 100 pm column/emitter containing 200

. . ethods. The amounts measured by UV
5 uM Bruker MagicAQ C18; peptides were elute .
with a 500 pL gradient of solution A (0.1% formiC%pectroscopy decreased from 1.3 ppm in CP t0 0.3

acid in acetonitrile) and solution B (0.1% formicgienr?le:ptgfﬁovgzllftca)u?](j iﬁ”g;??%?g%”?ﬂ;;ﬂ%ﬂ:ﬁ
acid). The gradient started with 5% B, increased ; L .
40% B in 40 min, increased to 60% B in 15 min& DNA in the subsequent processing fractions CJ,

and increased to 95% B in 10 min. The Top 1\?190 and RW was below the limit of detection even

data-dependent acquisition method was used hen using the most sensitive (SYBR green)
acquire data. Proteome Discoverer 1.3 (Thermo-ethOd' Using agarose gel electrophoresis, DNA

Fisher) software was used by Mascot databawas detected only in the CP, BG and FC fractions

; X .{Figure 3). The DNA from the BG and FC
_seargh brogram (Matrix Science) for protei ractions was degraded into much smaller
identifications. Databases searched were:1) afsetfPagments than the DNA from the CP, an
121,000 expressed sequence tags ( ESTS) fr servation that was supported by the ampli-
sugar cane (http://compblo.dfC|.harvard.edu/cg-ica,[ion products observed in PCR reactions
bin/tgi/gimain.pl?gudb=s_officinarum) translated,.
) - X ) ) discussed below.
in all six possible reading frames); 2)Sarghum
bicolor proteome predicted from its complete
genome sequence (http://www.ncbi.nlm.nih.govl able 2
genome/108); and 3) the _NCBInr pro_tein Olataba%mount of DNA in Processing Fractions of Mills
of all nonredundant predicted protein sequences. .4 v
We defined positive protein identifications as #os

which had Mascot scores of >70 based on da$ample  DNAin Eluate Total ig DNA Recovered
from at least 2 unique peptides; at this stringency ng/uL per g Starting Material
identifications are at the >99% confidence level. (ppm)

PG~ 0.003+.002 0.3+0.2

PJ-V 0.003 +.003 03+03
Results FC-G x4 11404
Partial Sequence of the Sugar Cane Intergenic  FC-V 1423 1.4£03
Spacer Region BG-G  10%3 10£0.3

15£4 15+ 0.4

Primer pair 25SCONS/18SCONS was designe%'V 145
from conserved regions of the plant 25S and 188G : 11£05
ribosomal RNA genes, and used to amplifgP-V 1345 1.3+ 0.5

purified sugar cane DNA isolated from sugar car&g .
e L rifiad OF samples CJ, MO, VI, and RW from both mills, as well as
leaves. The amplified fragments were gel-purifie retail-purchased refined sugar, DNA was below the limit of

sequenced, and then primers specific to the suggf. iy, ith SYBR green: < 0.002 pglul: < 0.4 ng/g; 0.0004
cane intergenic spacer region (IGS) near eithgg,,

thel8S or 25S coding regions were designed. The

Science Target Inc. www.sciencetarget.com
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Figure 3: Agarose gel electrophoresis of DNA extracted froith pnocessing fractions. 1& of DNA
extract was loaded. Lanes: 1, molecular weight eraik 2, PJ-G; 3, PJ-V; 4, FC-G; 5, FC-V; 6, BG-G;
7, BG-V; 8, CP-G; 9, CP-V.
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Figure 4: PCR amplifications of DNA extracted from mill praséng fractions. Lanes on the 1.5%
agarose gel show a representative PCR reactiondemtn fraction from mill G and mill V. Lanes: 1,
molecular weight marker I; 2, RW-G; 3, RW-V; 4, M®-5, MO-V; 6, VI-G; 7, VI-V; 8, CJ-G; 9, CJ-V;
10, PJ-G; 11, PJ-V; 12, FC-G; 13, FC-V; 14, BG-6, BRG-V; 16, CP-V; 17, CP-V. Panel A: Primers
4L/4R; Panel B: Primers 4L/5R; Panel C; Primers/R;/Panel D: Primers 2L/3R.

Detection of Sugar Cane DNA Sequences in  with a series of primer pairs designed from the
Extractsby PCR repetitive 1GS region of the large ribosomal RNA

For the determination of the presence of sugar cafgcs Were perrf]ormed (IT_lgure 4).' Using primer
DNA in the mill fractions, PCR amplifications combinations  that amplified different  sized
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fragments, the maximum size of DNA remainingreparations from the BG and CP directed
in each fraction was estimated. The primer paamplification of the 1760-bp fragment. These data
4L/4R amplified the shortest fragment (273 bpindicate progressive degradation of sugar cane
while the pair 2L/3R amplified the largestDNA into smaller pieces during the refining
fragment (1760 bp) (Figure 2). PCR products gbrocess. These data are also consistent with
the expected size were amplified from the DNArevious studies, which failed to identify fragment
preparations from all of the mill fractions when>700 bp in the downstream sugar refining fractions
using the primer pair 4L/4R, although in very(Joyce et aj 2013).

different final amounts (Figure 4; Panel A). To estimate the amounts of sugar cane DNA in

These data are from endpoint PCR with differemnill fractions with low DNA, we performed
amounts of input DNA. Therefore the intensities oéndpoint PCR comparing the amount of amplified
the bands are not directly reflective of the actugroduct obtained using the 4L/4R primer pair and
differences in DNA in the reaction since thoseaerial dilutions of the DNA from CP and the
reactions with more input DNA reach saturation atoncentrated DNA samples from other fractions.
a lower number of cycles. More realistic comparibNA extraction samples from RW, VI, MO and CJ
sons can be made by altering the amplifycatiowere estimated to contain less than 1 pg DNA per
cycle number. Amplification from the FC, BG andg of starting fraction. This is approximately equal
CP was observed even when the number of PG&the DNA from a single cell per 4 g of fraction,
cycles was reduced from 35 to 20. Therefore thesing 4 pg as the value for the 1C nuclear DNA
amplification differences apparent in Figure Z£ontent of sugar cane (Kew Plant DNA C-values,
represent a more than 10000-fold difference idata.kew.org/cvalues/).

target DNA. The amplicons from RW, VI, MO and
CJ using 4L and 4R were gel-purified, reamplified
and sequenced. The sequence matched that of
previously determined sugar cane IGS regiofQur next goal was to develop robust and sensitive
confirming the presence of sugar cane DNA imethods to extract and characterize the protein
these fractions (Figure. 1 and Supplementagontent of sequentially derived processing
Figure 1S). In all of the presented data amplifyfractions from the two mill types. A preliminary
cations from only one of the samples is showmvaluation was made of the performance of two
However, DNA samples from all of the fractionsplant protein extraction methods: 1) 60 min &®5
were tested using all of the primers, including alh LBT; 2) the commercial P-PER Plant Protein
the 6 replicate extractions for RW, VI, MO and CExtraction Kit (Pierce); and one general protein
which gave results similar to those presented.  extraction method: 60 min at 85 in SEB. Initial

extracts required subsequent concentration/

To tes_t for possible contammaﬂon during th urification by precipitation with DOC + TCA
extraction process, an equivalent volume of double

o . - before protein measurement since most of the
dlstll_led water was substituted for the RW m'"downstream mill fractions (CJ, MO, RW, and RF)
fraction and simultaneously extracted using th

same reagents. These water extractions showedﬁ‘ave a low pr'otein content rela'give to the_ amount
amplification W.i'[h any of the primers. Therefore;)qu;rT an(_jhdlﬁsolved .SO“dS which were likely to
all the mill fractions contain sugar cane DNA with nterfere with the protein assay.
a size of >273 bp. As the PCR-target size increasks general, SEB extraction yielded 20 to 100%
from 273 bp to 1760 bp, the amplification from thenore protein from most mill fractions compared to
samples from the later stages of the processih@T; with the exception of VI, the P-PER kit
chain is reduced (Figure 4; Panel B-D). None ofielded 10 to 50% less protein than SEB
the DNA preparations from RW supportedextractions. The limit of protein detection after
amplification of fragments as large as 550 bp. VIBT extraction was 3 fold higher than for SEB
or MO did not support amplification of 800-bpextractions, in part due to the dilution of the
long fragments and only one of the CJ derivedample caused by the addition of large amounts of
samples gave detectable amplification of an 800-gea/thiourea in LBT to the aqueous samples.
product (Figure 4, panel C). Finally, only DNASome LBT extracts gave poor results during SDS-
PAGE analysis (not shown). Given these limita-

Measurement of Protein in Sugar Cane Mill
Itzﬁé':lctions
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tions and fact that LBT and P-PER are optimizedpm) ends up in the MO with only a small part
for extraction of protein from plant tissues (only4%) remaining in the RW. We estimate that there
two of eight mill fractions are “plant tissues”het is <1 g of protein in the RW derived from one
SEB extraction method was chosen for alinetric ton of cane; this amount represents 0.005 -
subsequent analyses. Using our SEB extraction add20% of the original protein in the CP.

TCA precipitation method of water or 20% refine
sugar samples containing 1 to 108 per ml of a
protein standard indicated the lower Ilimit o
detection as hig/ml protein.

dSince the protein levels detected in RW were so
tJow, a protease digestion experiment was per-
formed to ensure that the BCA reactive material is
indeed protein. Digestion of 20y of RW-derived
Two independently collected samples of milprotein with 2ug each of pronase and proteinase K
fractions were extracted with SEB, precipitatededuced the intensity of the BCA reaction by 75%;
with TCA/DOC, dissolved in 0.5 x SEB withoutan analogous treatment of 2§ of bovine serum
DTT and assayed for protein content with a BCAalbumin also caused a 75% reduction. Thus, we are
based assay (Table 3). For the most part variaticonfident in our detection value of 9 to 15 ppm
between values obtained for each fraction fromprotein in raw sugar. It is consistent with the
either mill type was not large (<30%). The proteiprevious estimate of 20-60 ppm reported by
content of CP was found to range between 37@oodshall and Roberts (1976).

and 4600 ppm, consistent with the range of 2009\-/
: e also analyzed 3 batches of locally-purchased
5000 ppm reported by Amalraj et 2010) for the refined sugar. The average protein content was 1.4

f5aren>]<trargt\;\(l)nn Srﬂegﬁofsn;hii/afffzg dotr;]eexz%eorggen%m. However, this is close to the limit of
9 9 PP&tection as SEB buffer controls gave an

average reported for dried cane stalks (feedipedi uivalent value of 0.5 ppm. Furthermore SDS-
org/node/14465). The first mill products, BG aanqAGE analysis of 1@9 %F]Z ‘brotein’ extracted

PJ, each contain about half of the protein from t
shredded cane stalk starting material (assumi
50% water imbibition). During clarification of the
PJ fraction >95% of the protein is removed by th
majority (>75%) ending up in the FC. During
further processing of the CJ, the majority o

Jrom refined sugar by SEB showed no protein as
iticated by Coomassie Blue staining (see below).
Thus, we could not reliably detect protein in
fefined sugar; if present, the level of protein is
Probably well below the 1 ppm detection limit of

protein in this fraction (~33ug/ml protein; 200 our assay.
Table3
Protein Content in PPM of Mill Fractions from Sucgane Processing
Mill V (diffuser) Mill G (tandem roller)
Mill Fraction Sampling 1 Sampling 2 Sampling 1 Sampling 2 % Dry matter
Mill VIMilIG
CP 3840 + 330 4150 + 1060 4620 + 420 3700 + 960 100/100
BG 3300 + 230 2680 + 450 2810+ 215 3290 + 360 100/100
PJ 3620 + 435 3510 + 316 3140 + 365 4240 + 435 21/23
CJ 244 + 242 234 + 27.2 183 £ 19.6 148 + 15.4 18/22
FC 10400 + 1360 13500 + 1520 11600 + 1870 12300 + 3230 100/100
MO 286 + 88 274 £ 247 295 £ 52 254 + 32 87/92
VI 3260 + 195 3500 + 225 3770 + 237 3950 + 375 3.1/3.2
RW 143+ 4.1 8.6+25 147+ 4.6 13.3 £ 3.9 100/100
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One prominent band of ~18 kDa apparently
accounting for a large proportion of stained protei
in all early mill fractions (BG, CP, PJ, CJ, FC;
Figure 5) was excised and subjected to peptide
mass fingerprinting (PMF); results were consistent
with its identification as the predicted sugar cane
protein TC128535, a 20-kDa dirigent-type protein,
but statistical probability was not high. However,
subsequent shotgun proteomic analysis detected
this protein in all mill fractions (see below). The
33-kDa prominent band in CJ was clearly
identified by PMF as TC131796 which is 90%
identical in amino acid sequence toSarghum
bicolor protein (SORBIDRAFT_03g045490) and a
37-kDa beta-1,3-glucanase frodea mays(Gen-
bank Accession ADL60383).

Two-Dimensional Gel Analysisof Mill Fractions

Since SDS-PAGE poorly resolved polypeptides
from the mill processing fractions, protein extgact
from both mills were analyzed by two-dimensional
Figure5: SDS-PAGE gel of protein in fractions of ge| electrophoresis (2-DGE). In contrast to SDS-
Mill'V. 60 pg of extracted protein was loaded, PAGE, protein extracts of early fractions (CP, PJ,
except RW and RF where 2@ and 7ug CJ and BG) from Mill V showed many clear and
respectively were used. Std; molecular mass ell resolved protein spots (Figure 6). However, 2-
standards; sizes shown at right. Boxes; proteinDGE analysis of later mill fractions (FC and MO)
bands subjected to PMF showed less than a dozen faint resolved spots; the
majority of the staining material accumulated in a
o o ) low molecular mass smear (<15 kDa) at the bottom
Identification of the Origins of Proteins or  of the gel (not shown). This is consistent with the
Peptidesin Mill Fractions SDS-PAGE results (Figure 5) and further supports

Protein samples from each fraction were subjectd@e conclusion that proteins in these later frautio
to SDS-PAGE analysis. The results for fractiong1ay be significantly degraded. 2-DGE analysis of
from mill V are shown in Figure 5. In generalprotein extracts of fractions from Mill G were
proteins isolated from all fractions smeared. Bandialitatively similar to those from Mill V (not
possibly representing residual intact proteins weown).

faintly detectable in the smeared background famage analysis software was used to determine the
CP, BG, PJ, VI, and especially CJ. MO and RWymber and molecular mass of protein spots for
showed little or no evidence of bands or higlaach 2-D gel in Figure 6 and sort them into three
molecular mass staining material, suggestingolecular mass ranges (Figure 7). CP samples
proteins in these fractions are fragmented; REhowed 417 spots, more than the highest number
showed no evidence of protein. SDS-PAGRpserved by Amalraj et al. using 5 different
analysis of fractions of Mill G gave similar resylt extraction methods and the more sensitive silver-
except for the CJ fraction where few, if any, cleagtaining detection method. PJ protein samples gave
bands were visible (not shown). In summary SDS; 2.DGE pattern very similar to CP samples; the
PAGE analyses of the mill fraction proteins argnajority of the 483 spots detected were determined
suggestive of a sequential degradation and/gy the software to be the same as a corresponding
fragmentation of proteins into smaller peptides gsotein found on the CP gels, indicating that most

refining progresses and are most apparent in theoteins in CP were released into the primary juice
MO and RW fractions.
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BG samples showed a different 2-DGE pattern and
had less than half the number of protein spots
observed with CP and PJ samples, suggesting BG
may contain a subset of sugar cane proteins that
are not efficiently extracted from the milling
process. Relative to its immediate precursor
fraction PJ, the total number of protein spots
observed with CJ samples was 35% less with the
most conspicuous loss in the higher molecular
mass range. The number of protein spots >50 kDa
was reduced from 120 in PJ to 45 in CJ. Less than
13% of the CJ protein spots were >50 kDa,
compared to 25% for PJ.

Image analysis of the gels in Figure 6 shows that
the majority of individual specific proteins presen
in CP and PJ are missing or reduced in CJ. This is
not surprising since milling of PJ into CJ involves

Figure7: Analysis of protein spot number and peating with lime which precipitates >90% of the
size range for 2-DGE gels in figure 6. Numbers opyotein into the FC (Table 3). All gels were loaded
top are percentages of total spots in each sampleyjjth equivalent amounts of protein to enable

designated molecular mass range. Total Spot yisyalization of spots. If loading had been based o
numbers are: CP, 417; PJ, 483; BG, 171; CJ, 31%qual volumes of the fractions, some gels would

have far fewer visible spots. These results demon-
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strate that the milling process clearly reduces thexception was the detection of a large number of
complexity of the protein population. bacterial proteins/peptides in PJ and BG of mill V.

0 L e L
To determine the identity of the proteins and/o’?‘lthough 75% of the proteins identified in PJ by
earching NCBI-nr were from sugar cane-related

peptides in each mill fraction, we used shotguﬁ o 0
proteomics (i.e. LC-MS/MS analysis of trypticplants, the remaining 25% were from members of

peptides deriveden massefrom bulk, largely the bacterial family Leuconostocaceaemaostly

unfractionated proteins). Preparative SDS-PAGE/e'Sse”aSp' Proteins fromWeisella were not

. -detected in the CP of mill V, but were found in its
was performed on the TCA-precipitated protei G (~ 10% of the total identifications)Veissella

from each fraction to further eliminate non-protei : :
are associated with sugar cane plants and often

materials and SDS which would interfere Withgause spoilage or souring after harvest (Bjorkroth
trypsin digestion or mass spectrometry. Trypti t al., 2002). NdNeissellaproteins were detected

peptides were derived from whole lane gel-slicem anv fractions from mill G or downstream
(not individual bands) and subjected to LC;: ny .
ractions of mill V.

MS/MS. The outputs were searched against the
predicted proteome databases of sugar cane artte mill fraction with the most nonplant proteins
Sorghum bicolor,as well as NCBInr to identify was VI. Over 40% of the proteins identified in VI
parent proteins of peptides identified by MS/MSfrom either mill by searching NCBInr were from
We used thé&. bicolorproteome database becausgeast Saccharomyces cerevisja@another 50% of

it is the closest evolutionary relative of suganeca the proteins identified in the VI from mill V were
with a complete genome sequence. Furthermorefram Lactobacillussp. In contrast, only 10% of the
comparison of 282,000 sugar cane ESTs of thd proteins identified in this fraction from mill G
coding DNA sequences (CDSs) of ESTs from therere from Lactobacilli. Nonetheless, many sugar
sorghum genome showed that 70% of sugar canoane proteins/peptides remained as significant
ESTs matched &orghum CDS with average components of this fermentation residue from both
amino acid sequence identity of 94% and vicmills. VI from mill G contained ~three times as
versa (Nishiyama et a011) many residual sugar cane protein/peptides as VI

Peptides from 835 unique predicted sugar carﬁreom mill V. Presence of yeast and lactobacilli

proteins were identified with 99% confidence irPr Lor;tqelgs (Ianas\,/tl-t;zge(z)(; g?c?(;(r?;fgi‘gr?:e\r(tle:;o% r(oafs'l(\j/ng
protein extracts from CP from mill G; 624 were y

identified from the cane used by mill Vand contamination of the fermentation by

(Supplementary Table 1S). Peptides from 50IBactobaciIIi has been reported previously (Lucena

sugar cane homologs @orghumproteins from €tal,, 2010; Gallo, 1990.)

mill G were identified; 388 from mill V. More than Analysis of MO derived from the CJ of mill V
300 of these individual proteins were detected ishowed the presence of 311 sugar cane proteins/
cane from both mills. Of the 28 proteins identifiegpeptides, while that from mill V showed 197.

in the cane stalk by Amalraj et.gR010) using Approximately 108 of these were found to be
PMF, 23 were among the 835 identified here. Rebincident in MO from both mills. Although most
from mill G contained proteins or peptides fronof the protein from RW appeared degraded as
475 predicted sugar cane proteins, while the Qudged by SDS-PAGE, we still identified sugar
derived from it contained 244. cane proteins or peptides: 44 from RW of mill G

44 and 33 sugar cane proteins were identified %n.d 60 from mill V, and as previously noted, 13

the raw sugar from mills G and V, respectively; 1ghique sugar - cane protelns/p_epndes were
of these individual proteins or peptides thereo(fOInCIOIent in raw sugar from both mills.

were found in the raw sugar from both millsComparing all LC-MS/MS data, we found six
(Supplementary Table 1S). Similar results werpredicted sugar cane proteins/peptides present in
obtained searching tl&orghumdatabase. all sequentially produced sugar cane processing
Searches of LC-MS/MS output against the NCBInl;li]aillfst'ogﬁt (gan' ?F:Jt’hz(a:tJ\'/vclev'rg’foiZ?j %V\Qllf;?arztigggh
protein database implied the presence of a feiyv ! Il mill yT ble 4
nonplant proteins in some fractions, mostly keratifom &t m s (Table 4).
and a few bacterial, fungal or insect proteins. One
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Supplementary Table 1S
Results of LC-MS/MS Analyses of Mill Fraction Privte

Fraction Database Unique protein Unique protein Proteins identified
searched identifications from identifications from in fractions from
Mill G Mill v both mills

Cane pieces (CP) Cane 835 624 382

Cane pieces Sorghum 506 388 305

Cane pieces NCBI 695 552 nd
Primary juice (PJ) Cane 475 202 184
Primary juice Sorghum 338 299 171
Pressed juice NCBI 348 400 nd
Bagasse (BG) Cane 768 348 205
Bagasse Sorghum 497 253 213
Bagasse NCBI 608 305 nd
Clarified juice (CJ) Cane 244 247 46
Clarified juice Sorghum 107 147 74
Clarified juice NCBI 145 183 nd
Filtercake (FC) Cane 627 266 138
Filtercake Sorghum 355 177 148
Filtercake NCBI 601 117 nd
Molasses (MO) Cane 311 197 108
Molasses Sorghum 170 109 85
Molasses NCBI 163 111 nd
Vinasse (VI) Cane 108 33 20
Vinasse Sorghum 53 21 16
Vinasse NCBI 200 202 nd

Raw sugar (RW) Cane 44 60 13

Raw sugar Sorghum 28 38 13

Raw sugar NCBI 12 56 nd

nd; not done
Table4

Sugar Cane Proteins (ESTs) with Peptides in Mogtldvlill Fractions

Accession Number  Description/Annotation from Compbio

TC123310 Similar to UniRef100_A5H454 Cluster: Plasma membrane-bound peroxidase 3-2 from Zea mays
*CA146186 Similar to UniRef100_Q2XX98 Cluster: Pathogenesis-related protein 5 from Zea mays
*TC113487 Homologue to UniRef100_A2X1D2 Cluster: Phosphoglycerate kinase from Oryza sativa
*TC128535 Homologue to UniRef100_Q6TGM?7 Cluster: Dirigent from Saccharum hybrid

TC135999 Similar to UniRef100_Q38769 Cluster: Permatin from Avena sativa

CA273807 Homologue to UniRef100_ABNOM9 Cluster: Nucleoside diphosphate kinase from Oryza sativa

Data is from Compbio sugar cane EST database (http://compbio.dfci.harvard.edu/cgibin/tgi/gimain.pl?gudb=s_officinarum);
*- protein found in all fractions from both mills.
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These are apparently refractory to the hargtirty sugar cane mill fractions that can cause
treatments that occur during processing of cane ittaccurate protein determinations. Our protein
raw sugar and/or are present in large amounts rimasurements were not subject to such inter-
the initial starting material. One of theseference since mill samples spiked with known
TC128535 is likely the 18 kDa prominent bandamounts of a standard protein gave accurate
present in most fractions shown in Figure 5values. Furthermore, protease digestion experi-
Identifications and accession numbers afents confirmed that >90% of the material in the
individual sugar cane proteins found in fraction®W and MO fractions that reacted with the protein
from both mills and those which are shared amordgtection reagent was indeed protein.

sequential mill processing fractions are postegimilar to what was observed for DNA. the
online at: '

concentration of protein in the sequential mill
https://dl.dropboxusercontent.com/u/16262713/mifractions decreased by three orders of magnitude as
IG_shared_proteins.xIsx processing progressed. We estimate that the
) majority (90%) of the CP protein ends up equally
Crt?az//rc::i.l?é%%%%(ifg Content'com/U/16262713/fcvdistri_but(_ed between the BG_ and FC from the
— 9= ' clarification step. We also estimate that <0.02% of
https://dl.dropboxusercontent.com/u/16262713/mihe initial protein in CP ends up in the ‘final’ RW
IV_shared_proteins.xIsx fraction. At the limit of detection of our assay (1
ppm), we could not detect any protein in refined
sugar, indicating the additional refining removes
Conclusions most, if not all, of the relatively miniscule amasin

Methods were developed and applied tgfsugarcane protein remaining in RW.

characterize the DNA and protein content of alResults of 1-D and 2-D gel electrophoresis of the
major fractions produced during the milling ofmill fractions were consistent with the progressive
sugar cane into raw sugar. In contrast to previoaegradation and fragmentation of the cane protein
studies, the methodology employed for DNAgduring the refining process. Proteins in RW, FC,
particularly the use of a repetitive sequence targand MO appeared to be the most extensively
and a series of primers amplifying different sizedegraded. To circumvent this limitation, we used
products within this target, allowed estimation ofhotgun proteomics to determine the origin and
both amount and size of the DNA fragment&dentity proteins and peptides present in each mill
present. Sugar cane DNA was found in afiraction. Many proteins that were reported as
fractions from the refining process; however, ia thabundant in sugar cane stalks by Amalraj et al
later fractions (CJ, MO, VI, and RW) the amoun{2010) were detected, as were other abundant
was very low (<0.4 ng/g; 0.0004 ppm) androteins involved in plant metabolism. The number
detectable only by PCR. The DNA was also obf unique proteins/peptides detected in each
short length (<500 bp) compared to the DNA iriraction decreased as refining progressed. This is
early mill fractions. Thus, sugar cane DNA appeansot unexpected as most steps of the refining
to be gradually degraded and lost as refiningrocess are very harsh for proteins (e.g. boilimd) a
progresses; the amount of DNA in RW is >200@rying); such conditions would be expected to
fold less than in the CP starting material. PCRelect from a small subset of proteins or peptides
failed to detect any sugar cane DNA in refinetater fractions that are thermally stable and
sugar. These conclusions are consistent witksistant to drying. The vast majority of the
previous studies on the detection of DNA throughundreds of proteins found in most mill fractions
the refining process (Joyce et,&013; Klein et were from sugar cane. The three exceptions were
al., 1998; Oguchi et al., 2009; Taylor et al., 1999 the BG and PJ of Mill V which contained proteins

Our method developed to measure protein in mfﬂf Weissellasp., a reported bacteri_al inhabitant_ of
fractions reliably detected as little as 5 pg/mllor sugar cane and/or VI from both milis. VI contains

. L : he residual solids from a yeast-based fermentation
ppm of protein. We used precipitation with TCA/t%I]c molasses and CJ, and thus not surprisingly

DOC to remove larger quantities of sugars an . : .
other contaminants in the complex and sometimggmamed mostly yeast proteins as well as proteins
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