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Introduction

To characterize new enzymes and draw conclusions about their possible use  We show the characterization of this enzyme with respect to activity, thermal\ MM
on an industrial scale, sensitive and high-throughput analytical methods are  stability at different pH values, primary sequence confirmation by mass ':
necessary that provide a data set about thermal and chemical stability, spectrometry and changes in enzyme conformation upon inhibitor binding by Amorphous mum

activity, potential inhibitors or activators and structure-function relationships.  using HDX-MS. The analytical method panel presented can be used as

Well-characterized enzymes can serve as reference and benchmark for new  platform to screen novel enzymes with limited sample amount in a _
or optimized molecules. We therefore present here the In-depth reasonable time frame.

characterization of a commercially available EndoEl (endo-1,4-3-D-
glucanase from Acidothermus cellulolyticus, without carbohydrate binding . . . . ' . . ’

Wmain, lot SLCQ2012) expressed recombinantly in cornl. / Cellobiose Cellotetraose

Figure 1: Graphical abstract of cellulose structures, .\/
different cellulases and hydrolysis products. Created with ~ Glucose

\ BioRender. /

Mass Spectrometry

Activity of purified E1 Fractions Activity of purified E1 Fractions\

EndoEl activity Was assessed by 3 3 5_ DNS Assay pNP Assay Chal‘aCtel‘ization by mass Spectrometry was Intc[agf]._ MWaV’ SS: 40606 Da EndoE1_GB2_1_16123.d: +MS, 6.3-7.6min, Deconvoluted (MaxEnt, 1050.00-1800.00, *0.859375, 8000)
o _ _ _ _ _ 1.5= 0.5- - _ 1201 aa42-404 (P54583) _
Dinitrosalicylic acid DNS assay, which is performed at the level of the intact, non-reduced | AMW= +30 Da (formylation @ N-Terminus)
based on hydrolysis of cellulose to — E 0.4- enzyme (Figure 4) and at the level of a tryptic o *[ Oxidation 2
_ S, . . _
reducing sugars and by a pNP assay g 1.0 £ 0 enzyme digest (Figure 5). 50
. . c — 0.0 . . :
] ) Q : _ : 60- 40731
1.4-cellobioside. § 05 § 0.2- sequence with a A mass of +30 Da (N-terminal | " .
. . > Pl I it I 2990 D ID
The commercial EndoEl preparation 3 £ 01 —~ formylation). In addition, contaminants and adduct 40904 * ano .
. : _ C | |
showed no to very low activity (Figure 2). N were found, e.g. PEG. ) -
. . oy - . . 0.0 0.0- . . . . |
Moreover, it also inhibited the activity of a NN NN Tryptic peptide map confirmed the primary . i 7\181}? i, i /\7/9[6
. : Q& LT LY LT K Q& LT LY LT K i ' i, N\ _ R .
positive control cellulase mixture from T. o@\(\ o@\(\ sequence at amino acid level, a formylated N ok 41000 41500 o 12500 43000 /2
. . " Purified Purified i i _ i
reesei. However, when impurities found by uritie uritie terminus, heterogeneity of the C-terminus and - . ; e t . |
MS and SEC (Figure 3) were removed Figure 2: Left: Comparison of original EndoE1 and purified fractions 1 to contaminating proteins. Igure 4. Lharge-aeconvoluted mass spectrum or the main
) . 4 in DNS Assay. Right: Comparison of original EndoE1 and purified chromatographic peak (Figure 3, right).
activity could be shown (Figure 2). : . NL: 1.50E10
fractions 1 to 4 in pNP Assay. . e MS E: MS
DNS Assay E EndoglucanaseE1 _ _ o ] ] _
Table 1: Proteins identified in commercial EndoE1 preparation
Commercial vs. purified E1 Commercial vs. purified E1 TSSO E:[ Lae TR E?E using tryptic peptide map and BioPharmaFinder analysis.
S EC TI C OH OH \(,"i (’t OH OH _O\ﬁ NH, : 60— 3314 P
8 : eak
400 — x10 Coén”;elrzcl'al Fraction 3 pNP Assay T g7 0y 2851 ' Area
— nao & 40 2406
Commercial 1.0 m e N g EndoglucE1l|EndoglucEl 65.6% 91.3%
EndoE1l HOSS;AOH oxdq N W A . 30__53_-67 4029 7 . . 0 0
300 — A il — o L . eamatin|ZEAM_Maize 1.2% 4.6%
é _ 4-Nitrophenyl-B-1,4-cellobiosid Cellobiose 4-Nitrophenol . __ LJ‘L M M Lk KN M S u pe rOXI d ed IS m utase | SO D C4_M al Z e 1 . O% 3 . 4%
= 200 - @ . _ . . OEWUJWWWM EndochitinaseA|CHIA Maize 0.3% 0.6%
g Fraction B 8 0.5 = F|gure 3 Left S|Ze eXCIUS|0n 5 10 15 20 25 30 T_me(r:;&_‘»n) 40 45 50 55 60 . . .
S = chromatographic analysis of Protein sequence coverage: 98% Triosephosphateisomerase|TIPS_Maize 0.1% 0.2%
8 100 — ) ) Matched peptides shown in bold red.
-2 _ _ CommerC|a| EndOEl and IS 1 AGGGYWHTSG REILDANNVP  VRIAGINWFG FETCNYVVHG  LWSRDYRSML . 0 . . . .
Fraction 2 Fraction 4 . ] . i 51 DQIKSLGYNT  IRLPYSDDIL KPGTMPNSIN  FYQMNQDLQG  LTSLQVMDKI Purlty of the prOdUCt was 91.3 A), with five different prOteInS
Fraction 1 purIfIEd fraCtIOnS. nght TOtal 10N 101 VAYAGQIGLR  IILDRHRPDC SGQSALWYTS  SVSEATWISD  LQALAQRYKG _
0 00 current of reverse phase ot ECVOSYNODS  TWOONLOGA COVPWLAVE  NRLSALDY  ATSUYPQTWE as contaminants.
I I I ! . . 251 SDPTFPNNMP GIWNKNWGYL FNQNIAPVWL GEFGTTLQST TDQTWLKTLV
0 2 4 6 8 10 4 6 8 10 ChrOmatOgl’aphIC anaIyS|S- 301 QYLRPTAQYG  ADSFQWTFWS  WNPDSGDTGG ILKDDWQTVD  TVKDGYLAPI
. . . . 351 KSSIFDPVGA SAS
Time [min] Time [min] _ _ _ _
Figure 5: Tryptic peptide map and LC-MS/MS analysis of EndoEL1.
EndoE1 182-191: AAERAGNAVL o unbofn:“m 244-250: SVvPaTW ' \ h bi d
Hydrogen deuterium mass spectrometry (HDX-MS) Our results revealed a very slow overall deuterium e o | pH Stability of E1 For the recombinant EndoEl,
. . . . . . . . 8 Low exchange rates 50 I
is used to investigate protein structures, dynamics uptake, which could be attributed to a highly -. aheli i protein backbone which has a globular, very
: : : . D E, ; S 0.01 ~di i
and interactions. It tracks the rate of hydrogen to compact protein folding. Small but significant lower exchange rates wih inibitor compact  three-dimensional
deuterium exchange within the amide backbone of differences in deuterium uptake were found in the . —— g structure, the temperature
! : . : . i i . : s = |pH8 .- i
proteins to give information regarding solvent region of substrate binding pocket. The differences N o2 [i7a and pH stability was deter
il - D ¥ B, i AR 2% S — T O ' - -
accessibility and can be used to help understand were most prominent after 5 hours of deuterium &=t o L Hee W L e @ O [pH6 mined by measuring the
binding mechanisms and substrate interactions. exchange. £ [pH5 intrinsic - shift in - tryptophan
- - - 2 Y 3 N i, — |pH 4 - -
Here we investigated possible structural changes MO TP fluorescence during unfolding
_ _ _ o EndoE1 285-295: GTTLQSTTDQT A ‘ 20 pH 3 DS F)
of EndoE1 upon binding of the inhibitor cello- | LT g | ; ; (nano -
. o 40 60 80
bioside (at 100 mM)?. Inhibition of EndoEL with Cellobiose &% x | - Temperature [°C] i
ONP Assay i, /4/ . N Figure 8 shows that the
150 % loop region with high exchange rates 8 pH Stablllty Of El enzyme haS a ra‘ther Stable
£ 100 S / 907 three-dimensional structure in
g 0l 3 loop region with high exchange rates g 85_ a pH range between 4 and 8
= 507 R k " and starts to unfold at
. _ ) L . o i
- o Figure 6: HDX-MS with differences in uptake mapped on crystal ) temperatures >80 °C. At pH
lncut;ftéqnWIth 0 20 40 60 80 100 structure of EndoE1 (PDB 1ECE?). Blue rates show slower == 3 h the stability d
At 50°C for 24 h ot e Cellobiose [mV] uptake with bound inhibitor, red parts exchange faster without £ , however, the stabliity de-
’ inhibitor. Uptake curves are shown as examples. 2 70- creases.
Figure 7: Left: Differences in exchange rates of H/D mapped on the surface of crystal 65 | | |
S structures of EndoE1 with (PDB 1ECE?) and without inhibitor (PDB 1VRX*). EndoE1 was 2 4 6 8
Incubated with Cellobiose for 24 h at 50°C. Right: Inhibition of EndoE1 with Cellobiose at - 8: Mel pH 4 " s of
- - different concentrations, measured with pNP assay. Igure o. Meilting Curves and meiting points o
VzndoEl after 5 h H/D exchange EndoE1l with cellobiose after 5 h H/D exchange / \endoglucanase E1 at different pH values. /
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