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Abstract Selective protease biosensor model

Inhibitor

Aspergillus niger prolyl endoprotease (ANPEP) is a proline-specific protease ANPEP activity Is stable over time In beer. Most Prolines in LTP-1 are poor substrates.
added by the brewer during fermentation to reduce chill haze and gluten _ X r e o0s — " Lipid Transfer Protein -1 (LTP-1): B. Sensor:zlfavage sequences:
content. Us_ing technology developed_ In our lab, we hz_alve e_ngineered - » S (. 2 g s ooy o ot o et ool oo P21 ~ TAAPRAA
fluorescent biosensors capable of measuring ANPEP activity in a single drop = 2 2 _ = Day 2 Signal peptide  Lipidation Egg/m ~ GGPGPSG
] ] _ o _ o p < 0.001 70 80 90 100 110 —
of beer. With this tool, we confirmed that ANPEP activity Is stable over at - I_ = Day3 i il o il P104/P109 ~ VPYTISPD
least 6 months in commercial beer with no negative effect on foam. To Q@EPOQ@EF® @ g 200 "o C D
- . . . uten immunogenic .'g ay . .
further examine the relationship between ANPEP and foam, we designed S eubstrate g 100 u Day 14
Se\/_eral _blosensors bas_e(_j on the_ 7 amino aC|d5_ S_Ufroundmg each Pro'!ne The biosensor is an scFv-derived antibody which dimerizes around a " Beer (JANPEP  Beer $ANPEP  Buffer (JANPEP Buffer $ANPEP
residue In the foam positive protein LTP-1. Surprisingly, many of the proline  cognate dye, inducing fluorescence. By connecting the scFv to an
residues in LTP-1 are poor substrates. This data provides support for the Inhibitory scFv with a peptide linker containing a protease target Industry relevant concentrations of ANPEP at 2ul/100ml (Brewer’s Clarex, DSM)) were tested for = |
rotection of foam stabilit hen usina ANPEP and ts ANPEP is not sequence, we effectively generate a selective protease biosensor. stability in an unhopped, 9°P light DME beer or Mcllvaine’s buffer, pH 4.0. Samples were ' 1
protection ot Toa _S abifity when Uusl g a _Sugges 5 IS NO Because the system is genetically encoded on a plasmid, we can incubated for 6 hours at 37°C. Represented data is the endpoint fluorescence reading after recovery . N
as general of a Proline-endoprotease as Is often described. easily engineer the linker to be any protein sequence of interest. in PBS, pH 7.0 and is reported as the average of triplicate samples with error bars representing T TS s T pioaspios
standard deviation. Significance measured with the Student’s T-test. A. Barley LTP-1 is a 117 a.a. protein with 7 Proline residues (highlighted in yellow).
- - - - B. Five biosensors were created to test cleavage of the indicated sequences. All 5 biosensors
The commercial use of ANPEP in Beer Figure 1 Figure 3 only differ by these 7.8 amino acids.
Hordein, a gluten protein in barley, ANPEP non-specifically cleaves Kinetic measurement of ANPEP over time. ANPEP activity persists for at least 6 months in a C. Kinetic cleavage of each substrate was tested with commercial ANPEP (Brewers Clarex,
forms acomplex with polyphenols proteins at C-terminus of Prolines (P). cl NoProGlut ] i DSM) in PBS, pH7.0. Data is represented as the initial velocity (the increase in fluorescence
creating beer haze. uten sensor OTTOEn SENSO commercial beer with no effect on foam per minute over the linear range). Data is reported as the average of triplicate samples with
; ; A B C error bars representing standard deviation.
% § Pl 8000 o D. 3-D structure of Barley LTP-1 with Prolines in Yellow (4).
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| SPOOOFE QeEEErE 3 g swo g w 8 Conclusions
-‘32 700 f~ @ -Glutensensoronly % 2000 I 3 1 - e We have constructed several fluorescent ANPEP biosensors based on Gluten
::Cj 5000 B - NoProGluten sensor only E 1000 — = — = = '4% 2000 90 5 and LTP-1 SUbStrateS Wthh Contain PrOIine.
oo Gluten sensor (+) ANPEP (4a) £, g™ B * © & ANPEP is active for at least 6 months in commercial beer.
= 3000 “me 2mo 3me dme 5mo bme Untreated Boiled P 2min P Smin P 10min tmo  2mo  3mo  4mo e ANPEP has no effect on foam stability in the beer tested.
= 2000 @ - NoProGluten sensor (+) ANPEP (4pl) Hll- Pale Ale, as-is (+ ANPEP) - . ; .
B 100 L _ - Pale Ale, boiled (- ANPEP) & ANPEP demonstrates substrate selectivity and is not as general of a Proline
e e A. A commercial Pale Ale which uses ANPEP (Brewers Clarex, DSM) was tested for activity by Endoprotease as oft_e_n fjescrlbed. N _ _
Time [min] comparing 6 different production lots which spanned 6 months in age. Beer was boiled for 2 min e Poor substrate specificity of foam positive proteins may underlie the neutral
The responsible Hordein peptide in Celiac Disease is: QPFPQPQQPFPQ (0 generate a no ANPEP control. Impact of ANPEP on beer foam.
(3). A biosensor was constructed using the sequence in red (Gluten) and  B. Pasteurization slightly reduces ANPEP activity. A commercial Pale Ale which uses ANPEP was
Hordei d other Gluten f i< elicit ] _ | ith a seqguence with P - G mutations (NoProGluten). Data represents  either boiled (2 min) or Pasteurized (70°C) for the indicated time before analysis. References:
& nor el,n and other LIUtEn Tragments EfiCitan immune response In peopie wi kinetic reading of fluorescence over time (Ex 630nm / Em 660nm) inthe  C. Foam stability of a commercial Pale Ale which uses ANPEP was tested by the Sigma value _ i te
Celiac’s Disease. presence or absence of commercial ANPEP (Brewers Clarex, DSM),  method as described in ASBC-Beer22. The same lot was tested over the course of 4 months. ;) I';\?(pez a;d E?en;. §2005)A‘J' Agrlc.BFood Cr? o Usciences
o When ANPEP is added during fermentation beer haze is reduced (1). reported as the average of triplicate samples with error bars representing  Typical Sigma values for poor foam, average (avg) foam, and good foam are indicated. ) Akeroyd et al. (2016) J. Am. Soc. Brew. Chem T
_ _ _ standard deviation. Experiment conducted in 100yl total volume in Tris ~ ~° data od as th ¢ wrinlicat les with ] i 3) Dromey et al. (2010) Science Trans. Med.
o ANPEP degrades all Gluten immunogenic peptides to <20ppm (2) Buffered Saline, pH 7.4. N all Tigures, data 15 TEPOrted as the average ot triplicate samples With €rror bars representing 4) Heinemann et al. (1996) Protein Sci.

standard deviation.



