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I Ultra-high-throughput Screening of Protease-deficient Trichoderma
reesei Strains Using a Droplet-based microfluidic

Nguyen Huyen Anh!, Akihiro Nakamural, Yosuke Shida2, Ogasawara Wataru!
INagaoka Univ. of Technol., Dept. Sci. of Tech. Innovation.
2Nagaoka Univ. of Technol., Dept. Materials and Bioengineer.

In Trichoderma reesei, secreted proteases were one of the factors leading to
cellulase activity drops, however, the regulation mechanism of protease
production remains unclear. Discovering protease-deficient mutants is key to
understanding protease production and boosting T.reesei applications.

While protease-deficient strains can be generated through random mutations,
traditional agar plate screening is limited by the large, spreading colonies of
filamentous fungi, which restricts the number of colonies that can be effectively
screened. To address this, this study developed a droplet-based microfluidic
system for high-throughput screening, successfully isolating two protease-
deficient mutants for further analysis.
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Nagaoka University of Technology Contact: FHF R (anakamura@vos.nagaokaut.ac.jp)

- -

FOvTLy bEIAIORETNA REMBEDE LRI ) -V IRTIZ. BEHRLECENT v PREMEROY - g
ELTEETNTWVWS, HICT7 v RRA I ZHEBEICBVARENL~ pLEEO wokOy FL v MMa. BERNTHEYER. BRR *f'\v"\’w
BOBELTRAINATVS, wokOy 7Ly MIREEFHAITREILINTUVWS ). ABICESENI3MEOFHEICE > TIER Dipeptidyl-AMC
Oyv7Ly bEBHNTE D H 2. CORREBFOYTL Y FABTEBERBETVMRETZRICEELBDE5, AxE <R Kmmﬁuz&
TFA—E /777 —EREDFLABENBREICBVWSNZ I VOFHEKT- T /-4-XFILII) > (AMCO)IE. BWVERKMSEH Y ‘.’:' N
SwloROy 7Ly hABHSHAATET 3. DS, wokOy FLy hEBWERIY—ZVIEMICEVNT. AMCIZfEAE | Dipeptide T Dipeptide
NTTHEDN oI AMETIIW/OROY Ly FHSRELAWV. ITUVRLEVMERRL. HREEZMREL. M THEL
REZAVWTERIOROY Ly FULEORETICAROREE RV ) —=VJ L, REAHSRTFL—CELEEETIME
MEE'BIZLT. TOERUERI O KARICKDWoROY LY FERWEIA Z7OFRES AT LICEWVWT. RIETTHE
BRERBEKBICIEAT S Z CICHII LT, (BEH A. Nakamura et al., Anal. Chem., 94 (5), 2416-2424, 2022.)
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Positive KOy 7L w k v PR ERYTLY D mrOv 7Ly FNBBG\JJU%‘@E%(P memcana) RO EERE

(100 uM coumarins) 1 . B BI77E 5 (AMCER) ACAEH
Negative Ky 7L k 4 oo i SRS BB AR R BRI

(10 pM sulforhodamine B) G2 -A ﬁ
Coumarins s - N S

7-Amino-4-trifluoromethyl coumarin N A &
(AFC) i’ e (Bufferi=F35) ‘ L Y )

T — . v“U“ M2EREYOREBARD S OMEY M D HEH
2 -4- Sy T
(AMC) 101 ») 101 e ) P. mexicana P d 74> b
" /_ (OPPiEIER) . . '
oAb 3. : : P E. coli (RFP) pes
ZA::EE?-IIA methy-3-coumarinylacetic X @ - - 1883 Y 657 P / ‘ 0J.

\§TACA B

) ) - L 3 \(]'\\ = FD/JI//NL [ Growth | [E. coli (RFP)] RFP
7-Aminocoumarin-4-acetic acid - . 22,77 »» 26.35 042 | FNAP sort (£E0O#iH)
(ACA) OGRS A }
: _ — & i Y-F439709F  py ma
7-Aminocoumarin-4-methanesulfonic "o -~ 64.86 $» 73.36  -195 A1; 14.5%
WA - 74 /9&
o ;
¥ Sorted

acid (ACMS)
A2; 68.8%|A3; 16.7%

ACABLUACMSH ROy FLw bh 5L

2. ACAB & U'ACMS Z LV =B H D%

— % = ‘ [ Growth TIIE. cor (7]
T E—— e
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s
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(Growth)

RTFHE— tlﬁfikg’j’i fTILﬁ&SE%’EﬁEﬁ

Vi
LHERLY =V ORI~
/ Dipeptidyl peptidase (DPP) 7 from i) : WODL cultivation } FADS } SoeeRoH
Met-Leu-ACA Met-Leu-ACMS Pseudoxanthomonas mexicana % (1 day) agar medium

~
: i, | | Sorting based on
) g8 With M-L-ACA ——— BB M-L-ACA activity ——

ML-AMC (Control)

fchrony

u =~ )
%, ] . ith L | | Sorting based on - 4
A % Al —_— e
MR NLAMG 920y [0aLL 15 . ' { ¥ M LDACK @ L-D-ACA activity e
: Tofu factory - U Y

fluid
ML-ACA 111 0614  0.552 i ' st i W —

R

e
o

v (umol / min « mg)

ML-ACMS MLACMS: - i * ; - . " ;
+ ’ 16S rDNA amplicon metagenomic analysis Sanger sequencing
= « Kinetics parameter is determined using Michaelis-Menten equation
125 25 . puffer: 50 mM NaPBS (pHT.0} + 5 mM EDTA+0.005% Tween20

ubstrate nc. (uh + Reaction : at 25 °C for 20 min
Substrate conc. (uM) Nyl ity

o

ACARH TEM £ 1RMY L MeewacA  AB160000 KOy 7Ly MERITLT, ASTU 7 EME
il nm v
: HEMRRIC & DRET FICRTF S — AT £ DD R

Wt DEEE THEMN R T E 3 AR (BHEBS % Leu-Aspic iR L - BH L AE)

Peudoduganella dunions

Blue fluorescence intensity

chilense

Tk

Met-Leu-AMC 5.30 0.811 0.153 o
Enterobacter soff

w o
Met-Leu-ACA 111 0.614 0.552 4 Green fluorescence intansity Fals iphocae
Total analysis droplets; 100,328 Lanthinobacterum.

Met-Leu-AMC 211 0.849 0.0402 1.00 A Sorting droplats; 1,719 (1.71%) Lrtyimes
SmDPPT ACA Bantosa gglomerans
Met-Leu-ACA 4,09 0.647 0.158 P R Klebel

Leu-Asp-AMC 106 522 0.492 1.00
Leu-Asp-ACA 10.1 3.90 0.386 0.785
Leu-Asp-AMC 45.0 18.0 0.401 1.00

Leu-Asp-ACA 122 2238 1.88 4.68

+ Synthesized by Dr. Hidaka, Kobe University + PmDAPBII : DPPT from Pseudoxanthomonas mexicana WO24
+ Kinetics parameter is determined using Michaelis-Menten equation  + SmDPPT : DPPT from Stenotrophomonas maltophilia K279 o 7] %
+ Reaction : at 25 °C for 20 min + PgDPPL1 : DPPLI from Porphyromonas gingivalis W83 e Groen fluorescence intensity »
- Buffer : 50 mM NaPBS (pH7.0) + 5 mM EDTA+0.005% Tween20 * SmDPP11 : DPP11 from S. maltophilia K279 | Total analysis droplets; 63,135 cloacibacteriym haiiotis
Sorting droplets; 1,197 (1.90%) ferae Sirdio)

SEHRFEL 240 DERICOVT, ACARE TEMZRN ‘ 30BOBMMEND S 5 16BOMEMN AT F 4 —HBEFERED
- T R R R T AT T T T R A S BT I RIS e ¢ ATy
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1.90%
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4
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1881818 18 BB

ratesens.

bofo e foe

SmDPP11

Lacnprthrobiclernitopuuacolius
z tashyense.

Blue fluorescence intensity
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Yoneyama et al., MicroTAS 2023
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Total 30puL

Tris-HCL 40mM
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DNA-A1 10pM i

DNA-A2 9uM :

DNA-A3 10puM E

FAM 1uM . ; ‘
MilliQ ‘f/#:l./\— ~(3min) #5min Time

B vEr-orsunEs SERREICESEEEENETS

| Type.A, Type. B Linker

l 10min ’ » 60ming

l 540min

l Z HUANG and H. SUZUKI et al., MicroTAS 2024 Scale bar=100 ym
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OMiu Hoshino'2, Yuri Ota??, Tetsushi Suyama?, Satoshi Tsuneda*, Nachiro Noda'**
"University of Tokyo, Grad. Sch. Frontier Science, *AIST BMRI, *On-chip Biotechnologies Co. Ltd.,
“Waseda University, Grad. Sch. Advanced Science and Engineering

Contact: Miu Hoshino (miu-hoshino@aist go.jp)

B.Ckgrollnd and Outline Nachiro Noda (noda-nachiro@aist go.jp)
*Water-in-oil droplets are miniscule drops of water dispersed in = -
oil. Each droplet acts as an individual compartment. Phage quantity and fluorescence
*The high throughput of droplet technology is extremely suitable Fluorescence intensities of droplets
for use in screening experiments. containing YOYO-1 and various E 750
*Co-cultivation of T2 phage and host bacteria within droplets concentrations of T2 phage were
resulted in phage propagation within droplets. Progeny phage measured. . --
were detained in their respective droplets. ‘ -
*Additon of YOYO-1 into droplets enabled differentiation of Fluorescence intensity reflects ' B
droplets with phage via droplet fluorescence intensity. quantity of phage within Py PR _—
*Isolation of droplets enabled isolation of phage within. droplets T 2300 23007 231P 2310 23
Phage Concentraion (PFUIRL)
The finalized flow for phage screening y ) YOYO-1
B ) NPy | * Cell membrane  Phage recovery from single droplets
e e 1 impermeant Droplets (with high AND low fluorescence
- L 20pt boo| * Nucleic acid intensities) were isolated into 96-well
B tant [y 81 intercalator plates and subjected to rupturing and
Y Pee.d ‘ up-scale cultivation of phage.
I I g
w/o droplets I L "y +35.7% phage recovery rate from droplets
! R p ! Y - with high fluorescence intensities
*0% phage recovery rate from droplets

with low fluorescence intensities

*Existence of phage was
examined via spot assay

- Isolation and rupturing
- " of individual droplets

< followed by upscaled
i 2\ cultivation of phage

h-*oplct cultivation'
f phage and host cells

Transition of droplet fluorescence intensity

distribution during cultivation
Droplets containing phage. host cells and YOYO-1 (left), and
droplets containing host cells and YOYO-1 (right) were generated.
Fluorescence intensities of roughly 40,000 droplets were measured
every few hours and plotted as density graphs.

. Phage + host cells

Hast cells ealy g

Reference: Hoshino et al., (2023)
Frontiers in Microbiology

Growth of in-droplet phage titer during cultivation
- A fixed volume of emulsion was sampled from the droplets generated

Culhvahon time (hours) LJ Sk Fl D M T . 24 with phage, host cells and YOYO-1 every few hours. These were rup-
tured and the contents used to perform plaque assays.

-
*Fluorescence intensities started increasing after only 3 =

-
hours of cultivation o?

*Proportion of non-fluorescent droplets can be used to o *Phage propagated rapidly in the
. . - .
calculate original phage titer first few hours (~5hours) after
Cultivation g S houes o, mp segregation into droplets
time

*Phage stopped propagating after
9 hours

PFUSs per 8 )yl emulsion
-

0 4 8 12 % 20 M
Cumvation Time (Hours)

Conclusions and future directions

*This method can be used not only for isolation of phage, but
also for determining titer of phage suspensions

*Phage recovery rate was 35.7% from fluorescent droplets, but
none were recovered from non-fluorescent droplets
*Modifications may be necessary for screening non-lytic phage
*This method requires no cultivation on agar, which should
simplify acquisition of phages infecting hard-to-culture hosts.

Droplets observed over time
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Selection'of novelfluorogenicRNATaptamers by affinity-and
fluorogenic-based method and'their. characterization

‘TomotakaiTavamaj KeisukeIto, SotarolUemura;,and|Ryollizuka
DeptiofiBiologicallSciences) Graduate/SchoollofiSeience ThelUniversity/ofiTokyo

Background Outline of research | Procedures for affinity-based selection |
—— !
Fluorogenic RNA aptamers bind to fluorogenic molecules We performed affinity-based selection (systematic evolution of Based on the structure of Mango |, a DNA library containing a 23-nucleotide
and dramatically enhance fluorescence. They are expected ligands by exponential enrichment: SELEX), followed by randomized region flanked by constant stem-loop-forming sequences and
to be applied to RNA imaging in live cells, but the fluorescence-based selection using water-in-oil (w/o) droplets to primer-binding sites was prepared. SELEX was performed to enrich RNAs with
brightness is often insufficient. The demand for brighter obtain fluorogenic RNA aptamers. binding affinity for the dye (TO1-B).

fluorogenic RNA aptamers is increasing.

17 promoter _Stem (9nt) _Random sequence (23nt) | Stem (3nt)

Mango | 2RI The devise used . Generates droplets here.

\ s Collection of T01-8
— with RNA %
. (0 @ 2T (@
it “

' Oil flow
X5o0r8
Reverse transcription
4 ‘ rounds PCR
> Dye (TO1-B)
Transcription "~ DNA

RN

\ bye

Fluorescence: strong

4

® O Oilinlet
Droplot
3D structure of Mango Il In vitro-transcribed Mango | it ® ! Water inlet | * Droplet ¢
Trachman et al. (2019) enhances TO1-B fluorescence. ) ! Water flow Z
Nat. Chem. Biol. 15, 473 The function of RNA can be visualized O+ Outlet

through the brightness of the droplets.

Procedures for fluorescence-based selection

1. Emulsion PCR 2. Transcription
/ PCR solution / Transcription solution A . RNAs bind with
% \ / ¥ /101
P - : s &
» ar % * & & . fow
* \oF P *
s HA ¥ se) &8 ‘ su)
» @ + s . / >
| purification of beads *. IEDsengln ]
Primer
Uien sl T01-8 Confirmation of
3 screenlng fluorescence enhancement
Actual image of Observation undera Capillary Fluorogenic
droplets fluorescence microscope \
PR tube aptamers!
; /\ 4
. 2 - =
- —— — —
¢ . suctior
% . g ol § e
Selection m PCR Sequencing
Glass substrate Droplet
Fluorescence spectra with and without purified RNAs Sequences of obtained RNAs
Emissi length
8000 ,\ — NC Name Sequence mission m(:xmv;lave engt Relative fluorescence intensity
M1
7000 / \ R8 A Mango | GAAGGGACGGTGCGGAGAGGAGA 539
sl J . — Rs:B 8_A AGATTAGGTGGTGGTTGGTTAGT 533
i | \ — R8C 8B AGATTGGAGGGTGGGTTGGGTTT 533
= / — R8.D
2 5000 4 \ 8 C GTGGAGAGGTAGGGAGGGATTAT 534
] 2
$ 8 D ATCAGGAGAGGTGGTGGTTGGTT 535
£ 4000 =
o 8 E GAGTGGGTTGGTGTGGAGTGGGT 535
2 Structure of Mango |
é 3000 8_F ATTGGTGTGGAGTGGAGTGGGTC 540 Autour ot al. {2018} Nat. Gommun. 9, 656
2
E 5_A TGGGCTGGGTGGGTCGAAGGGAC 534
S 2000 1
= 5B TTAGGGAGGTGAGGGAGGGTTTA 534
1000 - The fluorescence spectra of the obtained fluorogenic RNA aptamers were measured. Relative intensity refers to the comparison of fluorescence peak intensities to that
N - observed in the presence of Mango I. RS and R8 indicate the number of rounds of the SELEX selection. The presence of R8_F and RS_A resulted in about three times
04 stronger fluorescence compared to that of Mango |. The results suggest that the combination of affinity- and fluorogenic-based selections enables the identification of
genic RNA with a high capacity.
525 550 575 600 625 650 675 700 The Mango aptamers form a guanine quadruplex structure (G4 structure), where four guanines are arranged in a planar configuration, as shown in the figure on the right.
wavelength (nm) The structure provides an appropriate surface for the binding of TO1-B with Mango aptamers. The RNAs contained four islands with at least two adjacent guanines,
suggesting that they form a G4 structure.
Potassium ion requirements for fluorescence enhancement Prediction of the 3D structures
| o
39 - K+
25
g Determination of the 3D structure
e
g
€ 20 Although the structure prediction suggests
g that the obtained RNAs form a G4 structure,
8 it remains unclear whether these results
815 accurately reflect the actual structure.
g Structure determination will be performed to
E 10 confirm the actual structure.
&
T
-4
05 Determination of kinetic parameters
. = ‘ The dissociation constants between the RNAs
0.0 and TO1-B will be determined by titrating
Mangol 8A 88 8¢ 8D 8E ‘8F 5A 58 I RNAs into solutions containing a fixed
Sumple name ®n T¢ kﬁ,{f ion of TO1-B. iti the rate
constants will be examined.
Potassium ions stabilize the G4 structures of Mango aptamers to enhance the + .
fluorescence of TO1-B. The ion of the RN,
were tested. v
For all RNAs, TO1-B fluorescence was increased in the presence of potassium ions N 5
compared to that in the presence of sodium ions. The results suggest that ;?:s:i::?;:l::;iﬁt“t:;Sm:::n:l;;‘e A:;Z?;:?alg:tnsgtrﬁgzar:‘)[faé)lr\‘/v;:}: Design of new aptamers
potassium ions stabilize the structure of the obtained RNAs, enhancing TO1-8 others did not (C). Based on the structural information, the RNAs will be designed to have higher
fluorescence. 3 3 fluorogenic properties.
D shows a comparison between the crystal and predicted structures of Mango
1ll, a member of the Mango aptamers. The structure predicted by AlphaFold3
was in better agreement with the crystal structure, which was better than that
32 predicted by trRosettaRNA.
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