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PartA: Op of reaction for C. cellulase PartE. ivities of engi - - Effects of b N -
The following combinations of buffer and pH were evaluated for use in assay of C. thermocellum cellulase activity

Goals of our project: (1) Elucidate the mechanism of biomass on erystalline cellulose (1 mg/mL total protein acting against 1 % Avicel at 40° C, with 300 mM NaCl, | mM CaCI2 Avicelase activity of the engineered minicellulosome from Part D(1) was determined, cither alone (MC) o in the presence (MC+Beta-G) of

on by C. 1 . e (2) construct active in all assay mixtures): added fungal beta-glucosidase (20 pg/ml). Reaction conditions: Please see Part C. The results demonstrated the feasibility of engineered
. . : . 5 minicellulosomes.
engineered minicellulosomes mainly using the recombinant C. + 50 mM Tris, pH 7.0
thermocellum enzymes; (3) modify C. thermocellum to degrade «50 mM Tris, pH 7.0, 300 mM imidazole « The engineered minicellulosome showed some activity, but its activity was half of that of C. thermocellum cell-free total protein (Cth)(Figure 3

biomass more efficiently. and Table 4).

+ 20 mM MES, pH 6.0
* 20 mM acetate + Beta-glucosidase helped to increase the glucose production, but had little effect on total conversion (Figure 3 and Table 4).
The results (Figure 1) showed that native C. thermocellum cellulases were more active at pH 6.0 (20 mM MES) and
at pH 5.0 (20 mM acetate). In our further work, cellulosome and minicellulosome activities were assayed at pH 6.0
Table 1. Overexpression in E. coli of all fifty-four C. in 20 mM MES (with NaCl and CaCl2 as noted above), because some recombinant cellulosomal enzymes were not

thermocellum genes that encode cellulosomal enzymes related to stable at pit 5.0.

Table 4. Ratio of cellobiose and glucose converted by native and mini-cellulolosomes

. * (Note: C. thermocellum cellulase was prepared from the total protein of cell-free broth of C. thermocellum, ATCC Total Conversion of Percentage of Percentage of
biomass degradation 27405, grown on 0.7 % Avicel.) avicel (%) cellobiose (%) glucose (%)
il Cth 318 3.1 46.9
Module structure Solubility Part B: Comparison of C. thermocellum and fungal cellulases . ! o g
Cellulases The following three samples were used for activity assaying against 1 % avicel: . 13; 15'3 x4.7
“+Beta-G . ..
CBM3b-GH5-Docl Soluble + Native cellulosomes (Cth, see the Part A)
GHS-CBMG6-FN3-Docl Soluble + Total cell-free protein from culture broth of a new species of Trichoderma (Tne)
GHs-Docl Soluble +  GC220---commercial enzyme mixture produced from 7. reesei (Tre)
GH5-Docl Soluble Figure 1. The Effect of R!a’:ﬂltl’l: Conditions on Activity of Native Figure 3. Saccharification of Avicel by Minicellulosomes
- (Note: reaction conditions as described in Part A) ollulosome
GHS-Docl Soluble The following conclusions could be drawn from Figure 2:
GHS8-Docl Partially soluble «  Fungal cellulase activity (Tne: 61.7 % and Tre: 54.8 % conversion) was stronger than that of C. Fo %
CBM4-1g-GH9-2(Fn3)-CBM3b-Docl Soluble thermocellum (31.8 %).
CBMd-1g-GH9-Docl Soluble * After a lengthy (155-hour) digestion the major product of digestion by fungal enzymes was glucose, 14 S
whereas products of C. thermocellum cellulase digestion contained slightly more cellobiose than glucose £ -
Ig-GH9-Docl Partially soluble (Table 2). 21 /
GHY-CBM3¢-CBM3b-Docl Partially soluble + Somewhat unexpectedly, higher cellodextrins, such as cellotriose and cellotetraose, were not detected at z —
GHY-CBM3¢-CBM3b-Docl Partially soluble digestion times ranging from 14 to 155 hours apparently. o z
GHY-CBM3c-Docl Soluble Table 2. Ratio of cellobiose and glucose converted by cellulases E ¢
GH9-CBM3c-Docl Soluble — Y
GHY-CBM3c-Docl Partially soluble Cellobiose (%) Glucose (%) " H
g
GHY-CBM3e-Docl Soluble @ ¢ -
GHI-CBM3c-Docl Partially soluble h 31 e . 2 )
GH9-CBM3¢-Docl Partially soluble Tne 5.0 95.0 .
GH9-CBM3c-Docl Not determined Tre 57 943 0 0w @ @ B W W W W
GH9-Docl Partially soluble D Diston T Goer
GHY-Docl Inclusion bodies 0 1 » w0 o B o
i y 5 i 1 T westion e hour 4 (M) % con d
GH48-Docl Partially soluble Part C: Library of enzymes for of engineered DT (e (MO hcomutin o s nd ghse
50 mM Tris, pH 7.0 - (MC) % comersion o celobiose
Xylanases « All fifty-four of the C. thermocellum cellulosomal genes assigned as being related to biomass degradation, i ) (MC) % comersion to ghcose
vz Gr i — including callulases, pectinases and modules, have been cloned and 50 mM Tris, pH 7.0, 300 mM imidazole (MCHBete-G) e comersonaf elobise and ghose
overexpressed in E. coli (Table 1). Forty-six of these were soluble or partially soluble, and we are working MG B fecl
CBM22-GH10-Docl Soluble on making all 54 enzymes soluble. 20 mM MES, pH 6.0 (MC4Beta-G) % comerson of celbiose
GH11-CBM4-Doc1-CE4 Soluble +  The activities of 23 purified recombinant cellulases have been assayed, and 16 of them have apparent 20 1M acetate, pH 5.0 = (MC+Beta-G) % conversion of glucose
mM acetate, pH 5.
P E—— activity on MUC (4-methylumbelliferyl-bera-D-cellobioside)(Table 3)
GH16-Docl Soluble
GHI8-Docl Soluble Table 3. All C. thermocellum cellulosomal cellulases and their activities on MUC Figure 2. Comparison of cellulase activity among three
CBM-GH26-Docl Soluble gul . P g
GH26-Docl Soluble ] species
GH30-CBM6-Docl Soluble GHs GH8 GHO g ‘
GHS3-Docl Partially soluble
GH81-Docl Partially soluble Number in genome 7 1 16 1 70
Putative glycosidases
GH2-CBM6-Docl Inclusion bodies Number soluble 7 ! 14 i
GH39-2(CBM6)-Docl Inclusion bodies
GH43-CBM6-Docl Soluble Number active on MUC 7 0 8 1
GH43-CBM13-Docl Inclusion bodies &
GH43-2(CBM6)-Docl Soluble <
. °
Xyloglucanhydrolase Part D. Assembly of engineered cellulosomes S
>
GH74-Docl Soluble <
Our first goal is to construct active, engineered (“mini-*) cellulosomes for efficient degradation of crystalline e
Putative carbohydrate esterases cellulose. g
- Two methods have been designed and employed for the assembly of engineered minicellulosomes: 8
Fn3-CE12-Docl-CBM6-CE12 Partially soluble (1)In order to do activity-screening of recombinations of various fusion enzymes for new engincered E
CE3-CE3-Docl Partially soluble minicellulosomes from our cellulosomal enzyme library, a truncated cipA with 9 cohesins of the same type (without 5
Docl-CE6 Soluble X domain and dockerin IT) and 9 recombinant enzymes with that type of dockerin, applied in equal molar loadings, é
crt-coknost Partally soluble were used for undirceted (by the experimenter) assembly of engincered minicellulosomes. Assay of their activity is 3
in progress. ]
Putative pectinases
A G OmC ww  Gea ais Gsc oo i
GH28-Docl Partially soluble
PLI-Docl-CBM6 Soluble \' TErTRETARARRER "/
PL1-Docl-CBM6-PLY Soluble
PL10-UN-Docl Inclusion bodies 4 T T T T T T T
Docl-CEMogL L gnehsion bos 0 20 40 60 80 100 120 140 160

Multifunctional components

Digestion Time (hour)

(2) In a more directed, engineered exercise, a chimeric scaffoldin with 6 cohesins taken from six different species

CBM30-Ig-GHY9-GH44-Doc1-UN Soluble was used for the sp dered assembly of 6 C. enzymes, cach of which had been fused to a - - o - .
GH26-GHS-CBM9-Docl Soluble dockerin corresponding to one of the cohesins, = (Tne) % convarsion to cellobiose and glucose  —s— (Tne) % conversion to celloblose

SO M NS, (Tne) % conversion to glucose (Cth) % conversion of cellobiose and glucose
.. - -Doc artially sol . oy e s o Lo o —— (Cth) % conversion to cellobiose —s— (Cth) % conversion to glucose

GH54-Docl-GH43 Inclusion bodies —+—(Tre) % conversion of cellobiose and glucose ~ —— (Tre) % conversion to cellobiose

GHS54-GH43-Docl Partially soluble ”»” » » w ”» ——— (Tre) % conversion of glucose

CE1-CBM6-Docl-GH10 Partially soluble ' U o ' b '

CBM22-GH10-CBM22-Doc1-CE1 Partially soluble
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