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Abstract: Nanobodies derived from camelid single-chain antibodies have the advantages of being
small, simple, highly soluble and stable. Nanobodies can be administered by inhalation and therefore is
potentially valuable for the prevention and control of respiratory viruses. Trichoderma reesei is a
food-grade protein expression host with a cellulase production capacity of up to 80 g/L, which can be
employed for low-cost production of therapeutic proteins. In this study, a codon-optimized
SARS-CoV-2 neutralizing nanobody Nb20 was expressed in 7. reesei under a strong constitutive
promoter Pcdnal. Nb20 protein was fused downstream of the N-terminal fragment of cellobiohydrolase I,
and the fusion protein can be intracellularly cleaved by the KEX2 protease to release Nb20. In a
shake-flask fermentation using glucose medium, 47.4 mg/L Nb20 was detected in the culture after 48 h
of cultivation. The expressed Nb20 showed the ability to interact with the receptor-binding domain of
SARS-CoV-2 spike protein, suggesting that it can be used for the neutralization of SARS-CoV-2. The

results indicate that 7. reesei has the potential for recombinant production of nanobodies.

Keywords: nanobody; Trichoderma reesei; recombinant expression; SARS-CoV-2

FRGRIE S (COVID-19) Bk 1 & ™
R T NS0 fa R L 7 X T A R e
SARS-CoV-2 Wi v, 55 7 2 1l £ 1 BlH:
5 F 4 M 2 T 52 UK AH 45 5 Y B e B B AA
(monoclonal antibodies) 244 G& & 17 il 95 2 (1)
N e, BHAPUREW . Fetkeg . R
B B TERAREHEEE A, BIER sy
G RARBUR B hE ) ERE DU, BT
AR X AS B ) B PR TR (variable domain of the
heavy chain of heavy-chain antibody) H. Ji57. |
FRESAIURIIEE S, HHGF RNk
K, WK A K PTIR  (nanobody , ] AR
Nb)PY, LG, GORPiik HA K
PEGF . RGeS . B EMR . s AR
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SR, BATZ RN AN ES . B,
FE X 5% G B 3h 1 1) G i S50 B E X AR B iR
XPERTRE, CAZMAl S SARS-CoV-2 HHZ
R PUARSBHRE S BN, Gai i
BEIE S SARS-CoV-2 HIZRE T (spike) AIZ
RgE G (receptor-binding domain, fijFX RBD)
FEA RV TR SRR SO, U TR e B 2 Fh B
HOFIRE 7 . B BELIBT I 5 AR 4 ML ) KB4
RPN E (NDso) 4 0.55 pg/mL, 7ERA
25 2 05 LA R vy A
GUKRBRI R, IRRAS F b il 45 23N
FLIG R AR G . SIEG PR AR, 40
KUK I, — A S N-WiEE, "AEKE
FRUE . BERE . Z2ARITW . S i i DL R ) 45
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ZFRG NI TFRES, b, MAEMRERS
HA AR A 7 i e ORI
TEEE AR R RIB R G, NAL SARS-CoV-2
Hl 28 (AR PR HuNb11-59 f 7 5 e A& T
213 h k3 20 g/LY FEHEH S (Aspergillus
awamori). KHIE (Aspergillus oryzae) ZF424k
HHERIE RGP B SEBT 9ORPUIR I i =
ik, BHEPRAA R, BIRASE (Trichoderma
reesei) JEEMPINEAREEE, CVAT
LRAERNE . ARRMERG . N5 ID B Tl A7

YRS i AT ik 80 /LU, ML
R BRI I RE ), AP A 2R
IS T PR Fab R B, THRFLYMCE
I7E B R & i ek, sRimi, B A AR
DA B RO 8 R IR AR BT A p 418 .

Nb20 2 S5E M SEAIE Y = 2 Ak SARS-CoV-2
5 EE 1 AR R R TR, L 7 2 0 o ok R
(ICs0) A% 0.048 nmol/L!, AR5 fuff FFI 20 J Y
Ja 8l F Pednal £ [RAREHFRIE Nb20, FHXT
HPU RS & ey dEAT ek, U 9 K 471
PR B PR B v 10 3 R R SR AR A

WEERE

1.1 ##
1.1.1 EHS R

KIBFFE Transl-T1 B2 540000 A Jb 5
RS EWHARARAE, HF R
HIRARERER QMP K QM9414 HtkH pyrd
DR R o A5 3] g R s e 5 SR B P TR AR AR,
TFHUKBUARIFIE  pUC19-pyrG R T35
KRR
1.1.2 RFSEFE

¥ K 78 Bradford & 1 B e 1) G B AE
TAYTRE (B BMARAF, L4 SARS-
CoV-2 H|5EH Fr B RBD-SDI1 (Arg319-Ser591)
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W H iR PR R\, C K& A 6xHis
PR SE-TEE IR 6FF Ay 3R 1 b5t
R FERHARA

ARSI (g/L): FLBE S, HERE 15, -
200, BEHS 20, 115 CKHE 30 min, KB
B33t (g/L): Hi%IBE 20, CaCl, 1, MgSO,-7H,0
0.6, KH,PO, 5, (NH,),S0, 5, [HEH; 20, 115 °C
KT 30 min, WKSCHETIAR, BB A s I
B 10 g/L 8B M 76T PRIE IE 35 S5 e 7Y
PR TR, AR A R 5L Kk e b 35 3 v fin
A1 g/L IREERE
1.2 A&
1.2.1 Nb20 RiEEKRIEE

56, 514 Pednal-F 1 Pednal-R, DX
L COR B 3E [M 2 DNA B Y 1S cdnal FEH A
BT R B, 514 TtpC-F1 #l TtrpC-R1, U
JBA pSilent-1 AR 4 3G+ 5 Hh &R 0rp C
21+ Fr B o 38 2 35 & S PCR KPS Fr B
A, B ZEEA Pst 1 BV S . SRE,
i w5t U ME R A2 ) B BB A RR 2
ClonExpress II One Step Cloning Kit ¥ A gl
ETWvERE R pUC19-pyrG Y Pst 1 755, 3K15
FiK#EAK pPednal -pyrG.

fdi S 04k T B JCatl'™), iz He BB il 2
(Aspergillus niger) NRRL 3 ()% 8S Ff if-P:i 11
YPKPTIA Nb20 HI4RiLIF 4] (GenBank % 5%
MZ965028), Hi 75 M 4 MER AR PR A PR 2 W
AT IE G . #5147 Nb1-F1 1 Nb1-R ¥ 3%
HARKER, FELLZ PCR P2 lfbif, (54
Nb1-F2 FiI Nb1-R ¢4, 152 54555 CBHI 55 ik
(MYRKLAVISAFLATARA) % i ¢ 41 fil & /4 H
ML, teAh, iS4 CC-F Al CC-R 474
CBH I ) N uiiBiramiy X, A Nb2-F F1
Nb1-R "3 Nb20 i3 [N, i) 55 4k
PCR KW Fr Bl G, =&zl E&AEA
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fiF KEX2 P (NVISKR) (41t
i i ClonExpress I One Step Cloning Kit 434
B b P RDEE R v 234K pPednal-pyrG, 153
B FBTR . DL ER T R 51900 )5 51 I
= 1,

i Nde 1 ¥ 8 KB TR ZNEA, ELT
Jir A T A AL R R R A A BT HLIGOR
% QMP Yok DNA B Sefb 1 & ffaif
J&i, It PCR BN F % b A7 560
1.2.2 HEHRBIIESR

W B ECOR 85 P bR 42 P 2 2R A 8 R 3 R
b, 30 CHErERSE 5-7d, HHEH 0.1 g/L it
T 80 MYLEFRERKIE VRS T, Hedfl FLORIEN
10%/mL AP FPEA 50 mL & B IR LAY 250 mL
I, BT 30 'C. 200 r/min &M R IR
B
1.23 ZEHABKXERENE

B KRR 7 500 r/min 5.0 10 min 5, BCE
T, R EE N 15%09 53 2 21 T SDS-PAGE,
1 2% Ty 5 R250 HEAT YL (0 fif IR A i
B2/ ] Macrosep® 30K A I8 250045 4 PR 1%
48 h iYL 35T, AR TR 2 4 4 , T30 FH Nanosep®

x1 KARFAAY
Table 1  Primers used in this study

3K UG B O R L TR 4R o fiH Bradford Jr
e, DA y-BREE 1 A A o o 00 TR 40 I A o 1)
B EUE . i Tmaged BFU SN 2 26 L VK %
WK B, AR BN —450 . &8
JERRRERY Nb20 b 1Y 2570 WK 2 A 223 1] i s o
Mgk, T LB T Nb20 & AL
1.2.4 BUESH

BEABIKFEUT, B EEEE YR
FA BRS vl - €535 - HR IE B 156 FH 434
SR BT R TR A, SRR i
% 0.1% =R 50% NG AR BK
T4 J5 {# F Easy-nLC 1200 5 Orbitrap Exploris
480 (Thermo Scientific) FRGLEHIEATAM .
H Proteome Discoverer /43 BT i B8 )5
i Sequest 48 & 512Xt Nb20 & ¥ i1 7k
K. RRSEC . WY, &KXKRD 2, —
YRFE TRURIRE N 1x107°, “REEH B TR
RN 0.02 Da, HERZ R AL FI N 34 215
JHie Ak A R AR BN
1.2.5 His Pull-down 1%

5 10 FEEEEAATUI 25 & 2 R (20 mmol/L
Na,HPO,-NaH,PO,, 150 mmol/L NaCl, 10 mmol/L

Primer name

Sequence (5'—3")

Pcdnal-F
Pcdnal-R
TtrpC-F1
TtrpC-R1
Nbl-F1
NbI-R
Nbl-F2
CC-F
CC-R
Nb2-F

ACGCCAAGCTTGCATGCTGGTACATGGATCTCGAACTG
TAACGTTAAGTGGATCCTGCAGGTTGAGAGAAGTTGTTGGATTG
CAACTTCTCTCAACCTGCAGGATCCACTTAACGTTACTGAAATC
GATCCTCTAGAGTCGACAACCCAGGGCTGGTGACGGAA
GGCCGTCATCTCGGCCTTCTTGGCCACAGCTCGTGCTCAGGTCCAGCTGGTCGAGTC
GTAACGTTAAGTGGATCCTAGGAGGAGACGGTGACCTGGG
CAACAACTTCTCTCAACATGTATCGGAAGTTGGCCGTCATCTCGGCCTTCTTGGCCA
CAACAACTTCTCTCAACATGTATCGGAAGTTGGCCGTC
CTGGCGCTTGGAAATCACATTAGAGCTTCCAGTGGTAGTGGC
TCTAATGTGATTTCCAAGCGCCAGGTCCAGCTGGTCGAGTC
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WK, pH 7.4) VEIRER-DRAEWHEEIL 6FF =K,
TNAHREE H 0.07 mg/mL B3 A His Fr%5H) RBD-
SD1 %[, 4 CRIEWFE 30 min, B.0LER LG
Jei, R 10 REEERAARTR A 25 5 28 ti ISR B I
P, IIASA Nb20 Ay B R KB 5,
4 CEEPEIE 1 h, BOEBR REE, A 10 £
BERC R 45 A G2 vh il B B A P UK, F e fiff
FAYERZE vh (20 mmol/L Na,HPO,-NaH,POy,,
150 mmol/L NaCl, 300 mmol/L Bk, pH 7.4)
MEEIE VeI HAREEE, fdi 1] SDS-PAGE #47
Rl . FEXTREZE Y, LASS & 2% il A RBD-SD1
E, HAE AR,

2 BEREAW

2.1 FAERIEKREEN Nb20 EQRIEIF N
Y BEKMEEE 1 (CBHI) 2R AR
Mgt e KR R, A8 N s fb g
BRSO C e R 45 S 3 X B,
i FF B GR84S 58 )3 B T Pedna 1™,
A3l AP SRS E 1T Nb20 3Rk (B 1A):
(1) K CBH I {558k Nb20 @l &£k, (2) ¥

A
Strategy [ :
Pednal i] TtrpC
SPCBII 1 p
Strategy 11 :

KEX2 site
—I_—"| CBH I (CD and linker) W

TtrpC

Pednal
Sp(‘ﬂH 1

El1 KRN0 ZEERAEPHEARIE
Figure 1

CBH I 4 N X B (B EMF 5. fEAsifiE
X5 5 1-475 AR ) S Nb20 fil G Rk,
TEER AP ERRIS Y, FE NB20 Ri5IA KEX2
ESl IR S I s S - E e By =
IR SRS 4 VT LRI 43, )3 s 2 A
XFFPIRNF IR RN, 430l B AL A% 43 PR A
b F1E R BERE R AL P45 5% 36 h, X R LG
i##17 SDS-PAGE 43t (&l 1B). 5 —FhRikHK
WAS B 3-1 11 3-2 B AR 9 2R 11 450 5 th R PR
QMP AL, 177 575 Rl 3R IK R WEAS 2 1) 4-4 F1 4-6
PRI (4 % I 3 3 B T R B AR
HAMR TR B4 5 Nb20 B3RS+
TR/ (12.5kDa) M. BTLLEZR, D
A I A R SRR AT B 4-4 T
PRIEATEE 1 8 .
2.2 KREEEMI Nb20 EARIEZENE
1 1B HHHEI A Nb20 FY & 14571 5 29 65 kDa
Ab 25T (HEM R )= B CBH T Y N it F BY)
AHECHA A5, ViR Nb20 FIRESZ2 115 &
B REAR . DR, RS ISR R 10 g/L
PR PR DA 223022 A B A 8 TR . ] 2A

B Strategy | Strategy Il
kDa M QMP 4-4 4.6

3-1 3-2

Expression of nanobody Nb20 in Trichoderma reesei. (A) Schematic illustration of gene

expression cassettes. SP: signal peptide; CD: catalytic domain. (B) SDS-PAGE of the culture supernatants at
36 h. M: protein molecular weight marker. The arrow indicates the possible band of Nb20.
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A —peptone
kDa

80
60

+peptone

M CM QMP 4-4 M CM QMP 4-4

2 BEEFEHN ND20 ERRIEENE M
Figure 2

B

kDa

Time (h)
M 24 36 48 72

Nb20 standard (DF)
16 8 4 2 1

Effect of cultivation conditions on the production level of Nb20. (A) Effect of peptone

supplementation. Samples were taken after 36 h of cultivation. CM: cultivation medium without inoculation.
(B) Effect of cultivation time. Purified Nb20 of 126 mg/L was serially diluted and used as a loading standard.

DF: dilution factor.

Fis, AR EINORE &S T 36 h if &
BEWR LR Nb20 ik, Hslb 142
P17 As o FE X IR, R TR QMP 11 & BRI
BT ST P a1 I N 7 B el S T S
FREFE A, A H bR R EEAE 48 h B AR fLAR
K, 172 h BB NRE (B 2B). BT 36 h )
BRSO AR, R R S
FEY Tk Z PG e AR, S
BT BbRE E R

i F & B &R AU R, CBH 1
1) N i BE S Nb20 o Tt =Rk, M
UE o RN AT SE B H AR ARl Alifh . DA
WA LR Nb20 A PRES , 23l T LDk
S I BEAH 5 8 1 BTV B O R I Rk A A i
(R=0.999), #EIvfE%E 48 h R W FiG T
Nb20 (M Jy 47.4 mg/L. AW FrikiE 1L
TR S RE AR TR, SR EAR
(A A SR, DA RAS R ™ I TR
2.3 EHRIE Nb20 BYRIZLEE

h TR E AR Nb20 & HFH T
WA, K ILR KA U AT T WA (- FR R

: 010-64807509

JETEAYHT o S5 HAG TN B R BL IS VLD (peptide
spectra match, fj#K PSM) %% 605 />, VCHD %]
17 kB, s TiZEARTTY] (% 2). H
T Nb20 &K N s SR A A WEh, v fE
IMEIE SR E IR (pyroglutamate), (R FE FE X
A5 T X B AT BEME . MR, 5 N ik
Bt (5B 1-19 1) R 66 4~ PSM 1 — gk & v
b BB LSRR AR T M, HA
11 4> PSM 35 B S HF R R A 1B A o 3k — 46
UL, fEFR R Nb20 HFEMEAEETRAE
R BT R R DL N S i S O
2.4 FLARIE ND20 HIRESREN
Pull-down £ A J2& A i 40 K Be 44 5 it )7 25
HREFI R AR, FELU A His bRZR)
SARS-CoV-2 RBD-SD1 21N H#EF T pull-down
SLEGET, RBER IS T Nb20 2 AT g AR
B Bk 7 b, 1 CBH I 1 N % BEARS
WeAlize (14 3), Pil] RBD-SD1 figfs 5 Nb20 4#
SePEZE S . 7EA N RBD-SD1 % R ZH 5236 v,
Nb20 15 CBH I 49 N i B BE¥ Joik 85 A (e Bk
T b, UEIAER T Nb20 AAFELE AR S A W
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K2 EFEHKREND20 WEBKRILZLTE
Table 2 MS/MS identification of the recombinant Nb20

Peptide Sequence No. of peptide-spectrum matches
1-19 QVQLVESGGGLVQAGGSLR 11
1-19 (pPE)VQLVESGGGLVQAGGSLR 66
1-31 (PE)VQLVESGGGLVQAGGSLRLSCAVSGAGAHR 1
20-31 LSCAVSGAGAHR 15
32-37 VGWFRR 9
37-43 RAPGKER

38-63 APGKEREFVAAIGASGGMTNYLDSVK 4
42-63 EREFVAAIGASGGMTNYLDSVK 68
42-65 EREFVAAIGASGGMTNYLDSVKGR 64
44-63 EFVAAIGASGGMTNYLDSVK 162
44-65 EFVAAIGASGGMTNYLDSVKGR 147
44-70 EFVAAIGASGGMTNYLDSVKGRFTISR 16
64-70 GRFTISR 1
64-74 GRFTISRDNAK 1
66-74 FTISRDNAK 1
71-97 DNAKNTIYLQMNSLKPQDTAVYYCAAR 8
75-97 NTIYLOQMNSLKPQDTAVYYCAAR 22
98-117 DIETAEYIYWGQGTQVTVSS 7

Note: pE: pyroglutamate.

Input Eluate

Ni-agarose beads = = + +
RBD-SDI (6His) S
Culture supernatant  kDa M = + 2 +

80
60
45

35

CBH | fragment
RBD-SD1

25

Nb20

10

B3 FLAFKILHT Nb20 5 SARS-CoV-2 RBD-SD1 BILE & &E 714
Figure 3 Evaluation of the binding interaction between recombinant Nb20 and SARS-CoV-2 RBD-SDI.
RBD-SD1 (6xHis tagged) was used to pull down Nb20.
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3 3t

R A HA SRR E A WEE S, B
N T UER B 22 R A Tl R 6 A=
7 AR B 2 B A R R RV ) e AR AR E
FEA AR T AR BUR— R A N-fEE
fb, RN 2 % B G yURE A R AP AREE A
PEAKIR) L, DR BT LA 20 A o R A 7 3R
Ko ARG [ FH 220K FLR 3Rk R R AR R
Rl Rk w2 e R OR P R R ik
T SARS-CoV-2 Hl| 72 [ KB & Nb20,
TEBH T FH X — 15 Rk g R BTAR  nT A7
MLAh R B A AL A T, S CBH I
B N i B 5 Nb20 PS4 T 2 5 R I 4l
43, A3 38 2o 1T B A A R S H AR A
W5 B alifl o FEARWFIE LR [, Al L2l
LV ORI TN NS 2T DN X e b SR NEE D TS
ZMAPURPURF AT RIS, DL —2 0 B
KR8 R G T ARk F ki 5E M

ARWFFERT A FEIE Nb20 Y 88 B TG 40 Hr
B RIRET 100% (% 2), 4R ER, BRTH
A R UL N s A A LASh, A
IR I EAAEAE LM . 456 pull-down
WEGILER, ABFFRAT T BAT IE & 1T R 4
B IRERIAUKRBUIA , B SRS G iR fE
XoF 97 7 452 G 200 B 1 BEL T FH 2545 A i — 2D
FIGUE .

Wit 48 h MFEI R BE, AWFFIRTT A998 K
Uik Nb20 (977 K2k 47.4 mg/L, 5 ZITE
KIGHFS . ek iha5E1E £ bR IR UK BT iA
(R IE B2 2020 SR, 5 2R B N TR R B
FFE R GEFTE g/L 20 FHEH, Nb20 1
EOMR AR HIFHATREATE: 1) HAsEN
o i L DX 1) B SR KO R R o ASBIFSE A 1Y
cdnal FERE BT ORICE H B FROR S 21 4E Kl

&: 010-64807509

KU B T 2 B IRCR AR 5-10 51,
KL, LR RN S shF (A chhl FEH
MR 7)) A B EPORPUA N RB K. |
T LRT Y K. o4 XN (2R 1A AE
HFFIMG, (XN 57 B 2 R R
WhAE B R Z M em T R mEt, 2) H
i B 114 R () R 52 4 e o RV TE MR N 2R
FIFRI R IR S Nb20 1y =8 T B &, A
FER TSR AT AR nT IO B LR g ( 2).
EAB s B g5 R s, BRAHE DR
DA LR E TR 1gG Pk . TIRER o2b FIfR
SRFARKRETFHLARGER, 8 E
S e 5 DA 1 21 o ok 5 7 2% 1 A o028 T A B
FRARE IR IS T 3) KRS A R
fbo ARG T R 2 R s IR 3,
B 9% 48 h WA &N 10.25 g/L, WA A
TUWERN, S5 RLE R R BESEO L,
A 2P B R A v B R H AR AR R R
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