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Supporting Information
S1. DNA Sequences
CelB-SP

ATGGCAAAGTTCCCAAAAAACTTCATGTTTGGATATTCTTGGTCTGGTTTCCAGTTTGAG
ATGGGACTGCCAGGAAGTGAAGTGGAAAGCGACTGGTGGGTGTGGGTTCACGACAAGGAG
AACATAGCATCAGGTCTAGTAAGTGGAGATCTACCAGAGAACGGCCCAGCATATTGGCAC
CTCTATAAGCAAGATCATGACATTGCAGAAAAGCTAGGAATGGATTGTATTAGAGGTGGC
ATTGAGTGGGCAAGAATTTTTCCAAAGCCAACATTTGACGTTAAAGTTGATGTGGAAAAG
GATGAAGAAGGCAACATAATTTCCGTAGACGTTCCAGAGAGTACAATAAAAGAGCTAGAG
AAANATTGCCAACATGGAGGCCCTTGAACATTATCGCAAGATTTACTCAGACTGGAAGGAG
AGGGGCAAAACCTTCATATTAAACCTCTACCACTGGCCTCTTCCATTATGGATTCATGAC
CCAATTGCAGTAAGGAAACTTGGCCCGGATAGGGCTCCTGCAGGATGGTTAGATGAGAAG
ACAGTGGTAGAGTTTGTGAAGTTTGCCGCCTTCGTTGCTTATCACCTTGATGACCTCGTT
GACATGTGGAGCACAATGAACGAACCAAACGTAGTCTACAATCAAGGTTACATTAATCTA
CGTTCAGGATTTCCACCAGGATATCTAAGCTTTGAAGCAGCAGAAAAGGCAAAATTCAAC
TTAATTCAGGCTCACATCGGAGCATATGATGCCATAAAAGAGTATTCAGAAAAATCCGTG
GGAGTGATATACGCCTTTGCTTGGCACGATCCTCTAGCGGAGGAGTATAAGGATGAAGTA
GAGGAAATCAGAAAGAAAGACTATGAGTTTGTAACAATTCTACACTCAAAAGGAAAGCTA
GACTGGATCGGCGTAAACTACTACTCCAGGCTGGTATATGGAGCCAAAGATGGACACCTA
GTTCCTTTACCTGGATATGGATTTATGAGTGAGAGAGGAGGATTTGCAAAGTCAGGAAGA
CCTGCTAGTGACTTTGGATGGGAAATGTACCCAGAGGGCCTTGAGAACCTTCTTAAGTAT
TTAAACAATGCCTACGAGCTACCAATGATAATTACAGAGAACGGTATGGCCGATGCAGCA
GATAGATACAGGCCACACTATCTCGTAAGCCATCTAAAGGCAGTTTACAATGCTATGAAA
GAAGGTGCTGATGTTAGAGGGTATCTCCACTGGTCTCTAACAGACAACTACGAATGGGCC
CAAGGGTTCAGGATGAGATTTGGATTGGTTTACGTGGATTTCGAGACAAAGAAGAGATAT
TTAAGGCCAAGCGCCCTGGTATTCAGAGAAATAGCCACTCAAAAAGAAATTCCAGAAGAA
TTAGCTCACCTCGCAGACCTCAAATTTGTTACAAGAAAGCAGGGATCCCTGGTGCCGCGC
GGCAGCTGTCGCAGCAATGCCGTAGCAGAACAGGGCCGCAAGACTCAGGAGTTTACCCAG
CAATCAGCGCAATACGTCGAAGCTGCCCGCAAACACTATGACGCGGCGGAAAAGCTCAAC
ATCCCTGACTATCAGGAGAAAGAAGACGCATTTATGCAACTGGTTCCGCCTGCGGTTGGG
GCCGACATTATGCGCCTGTTCCCGGAAAAGTCCGCCGCGCTCATGTATCACCTGGGGGCA
ANACCCGGAGAAAGCCCGCCAGTTACTGGCGATGGATGGGCAGTCCGCGCTGATTGAACTC
ACTCGACTATCCGAACGCTTAACTCTCAAGCCTCGCGGTAAACAAATCTCTTCCGCTCCC
CATGCTGACCAGCCTATTACCGGTGATGTCAGCGCAGCAAATAAAGATGCCATTCGTAAA
CAAATGGATGCTGCTGCGAGCAAGGGAGATGTGGAAACCTACCGCAAGCTAAAGGCAAAA
CTTAAAGGAATCCGATAA

P22 Coat

ATGGCTTTGAACGAAGGTCAAATTGTTACACTGGCGGTAGATGAAATCATCGAAACCATC
TCCGCAATCACTCCAATGGCGCAGAAAGCCAAGAAATACACCCCGCCTGCTGCTTCTATG
CAGCGCTCCAGCAATACCATCTGGATGCCTGTAGAGCAAGAGTCACCCACTCAGGAGGGC
TGGGATTTAACTGATAAAGCGACAGGGTTACTGGAACTTAACGTCGCGGTAAACATGGGA
GAGCCGGATAACGACTTCTTCCAGTTGCGTGCTGATGACTTGCGAGACGAAACTGCGTAT
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CGTCGCCGCATCCAGTCTGCCGCTCGCAAGCTGGCGAACAACGTTGAGTTGAAAGTCGCA
AACATGGCCGCCGAGATGGGTTCGCTGGTTATCACCTCCCCTGATGCCATCGGCACTAAT
ACCGCAGACGCCTGGAACTTTGTGGCCGACGCAGAAGAAATCATGTTCTCCCGCGAACTT
AACCGCGACATGGGGACATCGTACTTCTTCAACCCTCAGGACTACAAAAAAGCGGGTTAC
GACCTGACCAAGCGTGACATCTTCGGGCGTATTCCTGAAGAAGCATACCGAGATGGCACC
ATTCAGCGTCAGGTCGCTGGCTTCGATGATGTCCTGCGCTCTCCGAAACTTCCTGTGCTG
ACCAAATCCACCGCAACTGGCATCACTGTATCCGGTGCGCAGTCCTTCAAGCCTGTCGCA
TGGCAACTGGATAACGATGGCAACAAAGTTAACGTTGATAACCGTTTTGCTACCGTCACC
CTGTCTGCAACTACCGGCATGAAACGCGGCGACAAAATTTCGTTTGCTGGCGTTAAGTTC
CTTGGTCAGATGGCTAAGAACGTACTGGCTCAGGATGCGACTTTCTCCGTAGTCCGCGTT
GTTGACGGTACTCATGTTGAAATCACGCCGAAGCCGGTAGCGCTGGATGATGTTTCCCTG
TCTCCGGAGCAGCGTGCCTACGCCAACGTTAACACCTCGCTGGCTGATGCAATGGCAGTG
AACATTCTGAACGTTAAAGACGCTCGCACTAATGTGTTCTGGGCTGACGATGCTATTCGT
ATCGTGTCTCAGCCGATTCCGGCTAACCATGAACTTTTTGCAGGTATGAAAACTACCTCA
TTCAGCATCCCTGATGTTGGCCTGAACGGTATCTTCGCTACGCAGGGTGATATTTCCACC
CTGTCCGGCCTGTGCCGTATTGCGCTGTGGTACGGCGTAAACGCGACACGACCGGAGGLCA
ATCGGTGTTGGCCTGCCTGGTCAGACTGCGTAATAG

CelB

ATGGCAAAGTTCCCAAAAAACTTCATGTTTGGATATTCTTGGTCTGGTTTCCAGTTTGAG
ATGGGACTGCCAGGAAGTGAAGTGGAAAGCGACTGGTGGGTGTGGGTTCACGACAAGGAG
AACATAGCATCAGGTCTAGTAAGTGGAGATCTACCAGAGAACGGCCCAGCATATTGGCAC
CTCTATAAGCAAGATCATGACATTGCAGAAAAGCTAGGAATGGATTGTATTAGAGGTGGC
ATTGAGTGGGCAAGAATTTTTCCAAAGCCAACATTTGACGTTAAAGTTGATGTGGAAAAG
GATGAAGAAGGCAACATAATTTCCGTAGACGTTCCAGAGAGTACAATAAAAGAGCTAGAG
AAAATTGCCAACATGGAGGCCCTTGAACATTATCGCAAGATTTACTCAGACTGGAAGGAG
AGGGGCAAAACCTTCATATTAAACCTCTACCACTGGCCTCTTCCATTATGGATTCATGAC
CCAATTGCAGTAAGGAAACTTGGCCCGGATAGGGCTCCTGCAGGATGGTTAGATGAGAAG
ACAGTGGTAGAGTTTGTGAAGTTTGCCGCCTTCGTTGCTTATCACCTTGATGACCTCGTT
GACATGTGGAGCACAATGAACGAACCAAACGTAGTCTACAATCAAGGTTACATTAATCTA
CGTTCAGGATTTCCACCAGGATATCTAAGCTTTGAAGCAGCAGAAAAGGCAAAATTCAAC
TTAATTCAGGCTCACATCGGAGCATATGATGCCATAAAAGAGTATTCAGAAAAATCCGTG
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GGAGTGATATACGCCTTTGCTTGGCACGATCCTCTAGCGGAGGAGTATAAGGATGAAGTA
GAGGAAATCAGAAAGAAAGACTATGAGTTTGTAACAATTCTACACTCAAAAGGAAAGCTA
GACTGGATCGGCGTAAACTACTACTCCAGGCTGGTATATGGAGCCAAAGATGGACACCTA
GTTCCTTTACCTGGATATGGATTTATGAGTGAGAGAGGAGGATTTGCAAAGTCAGGAAGA
CCTGCTAGTGACTTTGGATGGGAAATGTACCCAGAGGGCCTTGAGAACCTTCTTAAGTAT
TTAAACAATGCCTACGAGCTACCAATGATAATTACAGAGAACGGTATGGCCGATGCAGCA
GATAGATACAGGCCACACTATCTCGTAAGCCATCTAAAGGCAGTTTACAATGCTATGAAA
GAAGGTGCTGATGTTAGAGGGTATCTCCACTGGTCTCTAACAGACAACTACGAATGGGCC
CAAGGGTTCAGGATGAGATTTGGATTGGTTTACGTGGATTTCGAGACAAAGAAGAGATAT
TTAAGGCCAAGCGCCCTGGTATTCAGAGAAATAGCCACTCAAAAAGAAATTCCAGAAGAA
TTAGCTCACCTCGCAGACCTCAAATTTGTTACAAGAAAGTAG

S2. Protein Sequences

CelB-SP Amino Acid Sequence

MAKFPKNFMFGYSWSGFQFEMGLPGSEVESDWWVWVHDKENIASGLVSGDLPENGPAYWH
LYKQDHDIAEKLGMDCIRGGIEWARIFPKPTFDVKVDVEKDEEGNIISVDVPESTIKELE
KIANMEALEHYRKIYSDWKERGKTFILNLYHWPLPLWIHDPIAVRKLGPDRAPAGWLDEK
TVVEFVKFAAFVAYHLDDLVDMWSTMNEPNVVYNQGY INLRSGFPPGYLSFEAAEKAKEN
LIQAHIGAYDAIKEYSEKSVGVIYAFAWHDPLAEEYKDEVEETIRKKDYEFVTILHSKGKL
DWIGVNYYSRLVYGAKDGHLVPLPGYGFMSERGGFAKSGRPASDFGWEMYPEGLENLLKY
LNNAYELPMIITENGMADAADRYRPHYLVSHLKAVYNAMKEGADVRGYLHWSLTDNYEWA
QGFRMRFGLVYVDFETKKRYLRPSALVFREIATQKEIPEELAHLADLKFVTRKQOGSLVPR
GSCRSNAVAEQGRKTQEFTQQSAQYVEAARKHYDAAEKLNIPDYQEKEDAFMQLVPPAVG
ADIMRLFPEKSAALMYHLGANPEKARQLLAMDGQSALIELTRLSERLTLKPRGKQISSAP
HADQPITGDVSAANKDATRKQMDAAASKGDVETYRKLKAKLKGIR

Coat Protein Amino Acid Sequence

MALNEGQIVTLAVDEIIETISAITPMAQKAKKYTPPAASMQRSSNTIWMPVEQESPTQEG
WDLTDKATGLLELNVAVNMGEPDNDFFQLRADDLRDETAYRRRIQSAARKLANNVELKVA
NMAAEMGSLVITSPDAIGTNTADAWNFVADAEEIMFSRELNRDMGTSYFFNPQDYKKAGY
DLTKRDIFGRIPEEAYRDGTIQRQVAGFDDVLRSPKLPVLTKSTATGITVSGAQSFKPVA
WQLDNDGNKVNVDNRFATVTLSATTGMKRGDKI SFAGVKFLGOMAKNVLAQDATEFSVVRV
VDGTHVEITPKPVALDDVSLSPEQRAYANVNTSLADAMAVNILNVKDARTNVFWADDAIR
IVSQPIPANHELFAGMKTTSFSIPDVGLNGIFATQGDISTLSGLCRIALWYGVNATRPEA
IGVGLPGQTA

CelB

MAKFPKNFMFGYSWSGFQFEMGLPGSEVESDWWVWVHDKENIASGLVSGDLPENGPAYWH
LYKQDHDIAEKLGMDCIRGGIEWARIFPKPTFDVKVDVEKDEEGNIISVDVPESTIKELE
KIANMEALEHYRKIYSDWKERGKTFILNLYHWPLPLWIHDPIAVRKLGPDRAPAGWLDEK
TVVEFVKFAAFVAYHLDDLVDMWSTMNEPNVVYNQGY INLRSGFPPGYLSFEAAEKAKEN
LTIQAHIGAYDATKEYSEKSVGVIYAFAWHDPLAEEYKDEVEETRKKDYEFVTILHSKGKL
DWIGVNYYSRLVYGAKDGHLVPLPGYGFMSERGGFAKSGRPASDFGWEMYPEGLENLLKY
LNNAYELPMIITENGMADAADRYRPHYLVSHLKAVYNAMKEGADVRGYLHWSLTDNYEWA
QGFRMRFGLVYVDFETKKRYLRPSALVFREIATQKEIPEELAHLADLKEFVTRK
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S3. Mass Spectrometry
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Deconvoluted mass spectra of CelB-SP P22 showing masses for CelB-SP fusion (lower
intensity peak, mass 73492.15 Da; expected 73492.7 Da with loss of N-terminal
methionine) and CP (major peak, mass of 46,594.62 Da; expected 46,592.62 with loss of
N-terminal methionine). See materials and methods for experimental parameters.

S4. Tabulation of SEC Characterization

Construct My (MDa) Mass Cargo | Rg(nm) Rj (nm) Ry/Ry
(MDa)

PC CelB-SP | 26.0+0.26 | 6.4 235 27.5 0.86

P22

EX CelB-SP | 249+0.30 |53 26.3 30.4 0.87

P22

WB  CelB-|23.0+0.18 |6.2 26 30.1 0.86

SP P22

Values given are for the averages of three measurements.

S5. Activity Assay Plots
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S5-A. Plots of data and Michaelis-Menten fits for substrate (PNPG) dependence activity
assays performed with temperature controls set to 50° C.
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Free CelB Activity at 60° C
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S5-B. Plots of data and Michaelis-Menten fits for substrate (PNPG) dependence activity
assays performed with temperature controls set to 60° C.
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S5-C. Plots of data and Michaelis-Menten fits for substrate (PNPG) dependence activity
assays performed with temperature controls set to 70° C.
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S6. Calculations

Number and Concentration of CelB-SP

Total concentration of CelB-SP in encapsulated samples was determined using size
exclusion chromatography (coupled with multiangle light scattering). From size
exclusion chromatography, molar mass data determined from MALS and RI detectors
showed that P22 samples were homogenous, as indicated by the polydispersity index
values (all near 1.00) and the molar mass distributions across the elution peak (Figure
2.D). The total mass of CelB-SP per P22 VLP was calculated from the number average
molar mass, M,,, by subtracting the calculated molecular weight of the P22 VLP coat (420
CP/capsid * kDa/CP), which was in agreement with the experimental value obtained by
SEC for the empty shell (no scaffold or cargo) P22 VLP, from the Mn average of three
runs. The total mass of CelB-SP encapsulated was then divided by the theoretical
molecular weight of CelB-SP (calculated using Protein Calculator v3.3, Chris Putnam,
Scripps) to give the total number of CelB-SP per capsid, ~85 enzymes per capsid and the
ratio of coat monomers to CelB-SP monomers is 4.95.

Using the total number of CelB-SP per capsid one can calculate the concentration
of enzymes inside the capsid (see below) or it can be used in conjunction with absorption
data to calculate the total concentration as follows:

The total absorbance of the CelB-SP P22 VLP is described by the equation:
At = Acp + Aceip-sp (1)
Where Ar is the total sample absorbance, Acp is the absorbance contribution from CP,

and Acecs.sp 18 the absorbance contribution from CelB-SP. Which can be rewritten
according to the Beer-Lambert Law as:

A1 =Ccp ecpl + Ccein-sp €cein-sp | 2)
Where Ccp and Ccep-sp are the concentrations of CP and CelB-SP, respectively, ecp and
€ceB-sp are the extinction coefficients of CP and CelB-SP, respectively, and 1 is the

pathlength of the cuvette.

The concentration of CP in relation to CelB-SP, as determined by MALS, can be
described by the equation:

Ccp=4.95 * Cce-sp 3)
Therefore, equation 3 allows replacement of Ccp in equation 2 to give:

A1=4.95* Cceip-sp €cp 1 + Ccels-sp €cein-sp 1 4)
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In this equation both extinction coefficients are known (calculated), the pathlenth is
known, and At is measured leaving only Cces-sp. From equation 4 the concentration of
CelB-SP used in the experiments was calculated.

Calculation of VLP volume

Using the equation for the volume of a sphere, v=(4/3)nr’, and the internal radius
determined from the cryo-EM reconstruction image of the different morphologies of P22,
the volume of P22 in PC and EX (also corresponding to WB) were calculated as follows:

For PC r =24 nm; (4/3)n(24)’ = 58,000 nm’
For EX and WB r =30; (4/3)n(30)’ = 113,000 nm’

Molar confinement (Mconf) calculations.

# Enzymes in cage + 6.022 x 10* enzymes/mole enzyme = Internal Volume of Capsid = Moy

Example PC calculation:
85 CelB + 6.022 x 10** x 1000 mmol/mol + 5.8 x 1077 cm® = 0.002434mmol/cm® = 2.4 mM CelB
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