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Abstract

Background: RfxCasl3d, a key member of the Casl3 family, plays a vital role in
CRISPR-based diagnostics for RNA sequence detection and gene silencing. This study
aimed to enhance RfxCas13d expression by optimizing key parameters using Response
Surface Methodology (RSM).

Methods: The plasmid pET28b-RfxCas13d-His (Addgene 141322) was introduced into
BL21 (DE3) and Rosetta™ (DE3) strains. Initial expression tests were conducted, fol-
lowed by RSM-guided optimization of factors such as isopropyl B-D-1-thiogalacto-
pyranoside (IPTG) concentration, temperature, cell density at induction, and induction
time in BL21 (DE3). Protein expression levels were quantified using ImageJ and Al-
phaEaseFC software to analyze band intensities.

Results: BL21 (DE3) was selected for further optimization based on preliminary re-
sults. Analysis of 26 RSM-designed experiments revealed that temperature, induction
time, IPTG concentration, and their interactions significantly influenced RfxCas13d ex-
pression. Optimal conditions were identified as 0.25 mM IPTG, an OD600 nm of 0.8 at
induction, 37°C, and Overnight (ON) of induction. The regression model exhibited high
accuracy, with a correlation coefficient of 0.97 and a p-value less than 0.05, confirming
a strong linear relationship between predicted and observed values.

Conclusion: This study highlights the significant impact of the four optimized factors
on RfxCas13d expression. Under optimized conditions, a soluble protein concentration
of 3.6 mg/100 ml cell culture was achieved after purification. It represents the first ap-
plication of RSM for optimizing RfxCas13d expression, providing a foundation for fur-
ther refinement of expression conditions. Continued use of RSM in future research will
enhance the efficiency of RfxCas13d production for diagnostic and therapeutic applica-
tions.
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Introduction
- The Clustered Regularly Interspaced Short Palin-
dromic Repeats (CRISPR)/CRISPR-associated (Cas)
- system was initially discovered as an adaptive immune
- mechanism in bacteria and archaea, enabling them to

recognize and eliminate invading foreign genetic ele-
ments *. In 2012, a groundbreaking discovery revealed
that Cas9 protein, when combined with single-guide
RNA (sgRNA), could precisely target and cleave spe-
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cific DNA sequences in vitro 2, This finding estab-
lished CRISPR-Cas9 as a revolutionary tool for gene
editing 34. By 2016, the CRISPR-Cas9 system had
been adapted for nucleic acid detection, further ex-
panding its applications °. The discovery of new
CRISPR-Cas systems has considerably advanced nu-
cleic acid recognition ®. Notably, the introduction of
CRISPR-Cas12 and CRISPR-Casl3 into nucleic acid
recognition frameworks has proven pivotal, leveraging
their trans-cleaving mechanisms. These systems exhibit
high detection accuracy and efficiency by identifying
specific DNA and RNA targets, respectively, and trig-
gering single-stranded DNA (sSDNA)/RNA trans-
cleavage upon target recognition and cleavage 8. The
Cas13 protein family is distinguished by two specific
HEPN ribonuclease motifs that become active when
they bind to target RNA, guided by gRNA °. This fami-
ly includes four known subtypes: Casl3a (C2c2),
Casl13b, Casl3c, and Casl3d, with Casl3d being the
smallest and most efficient for RNA targeting %11,
Casl13-based systems have been widely employed in
biosensor development, including the SHERLOCK
technique and electrochemical biosensors, due to their
high specificity and sensitivity 8213, Among these,
RfxCas13d distinguishes itself through its compact
size, high specificity, and minimal off-target activity,
establishing it as a leading tool for RNA targeting and
editing. Its exceptional efficiency in mammalian cells
further amplifies its potential for therapeutic and diag-
nostic applications. These attributes make RfxCas13d a
highly adaptable and effective choice for RNA-based
interventions, setting it apart from other Cas13 45,
Given that numerous studies highlight the critical roles
of oncogene transcription products and the overexpres-
sion of various non-coding RNASs, such as LncRNAs,
in cancer development and progression, the distinct
features of RfxCas13d make it a promising and versa-
tile tool for driving future research advancements in
this area 1718,

For optimal recombinant protein production, it is
crucial to optimize culture conditions like temperature,
cell density at induction, and isopropyl B-D-1-thioga-
lactopyranoside (IPTG) concentration *°. The tradition-
al One-Factor-at-a-Time (OFAT) method requires nu-
merous experiments to find optimal conditions, but is
often inefficient and fails to reveal interactions be-
tween variables 2. In contrast, the Design of Experi-
ments (DoE) approach offers by identifying key factors
and their interactions, leading to better predictions of
optimal conditions with fewer trials 2. RSM within
DoE has been successfully used to maximize recombi-
nant protein yields by modeling the effects of various
variables and their interactions 2223, In RSM, two wide-
ly used experimental designs include the Box-Behnken
Design (BBD) and the Central Composite Design
(CCD) 2. Many studies have optimized both upstream
and downstream processes using the RSM-Box-
Behnken approach %28,

In this particular study, the RSM-Box-Behnken de-
sign was applied to optimize culture conditions for
enhancing the total expression of Cas13. Four parame-
ters- temperature, cell density at induction, IPTG con-
centration, and induction time-were analyzed for their
individual and combined effects on protein expression.

Materials and Methods

Bacterial cultivation was carried out using Luria-
Bertani (LB) medium (Qlab, Canada). The Escherichia
coli (E. coli) strains BL21(DE3) and Rosetta™(DE3)
were obtained from the biobank of Hamadan Universi-
ty of Medical Sciences (Hamadan, Iran). For recombi-
nant protein expression, the plasmid pET28b-RfxCas-
13d-His (Addgene plasmid #141322) was utilized. An-
tibiotics, including kanamycin and chloramphenicol,
were purchased from Sigma-Aldrich (Germany). Addi-
tionally, a pre-stained protein marker (10-180 kDa,
Cat. No. E-BC-R273) was acquired for protein analy-
sis.

The bacterial strain and vector

pET28b-RfxCas13d-His system (Addgene 141322)
includes the recombinant sequence of human RfxCas-
13d. This plasmid also features a kanamycin resistance
gene and uses the T7 promoter, regulated by the lac
promoter sequence, to drive the expression of RfxCas-
13d. The human-derived RfxCas13d sequence was ex-
pressed in both E. coli strains BL21 (DE3) and Roset-
ta™(DE3), which served as host cells harboring the
recombinant plasmid for RfxCas13d protein produc-
tion. The plasmid was successfully transformed into
competent cells prepared using a cold calcium chloride
solution, following the heat shock method as described
by Sambrook et al . Selection of transformants oc-
curred on LB agar plates supplemented with 50 pg/ml
kanamycin for BL21 (DE3), 50 pg/ml kanamycin and
15 pg/ml chloramphenicol for Rosetta™(DE3), follow-
ed by cultivation in LB broth for 18 hr, and bacterial
suspensions were stored in 25% (v/v) glycerol at -80°C
for future use.

Initial expression analysis

For initial expression analysis, "Overnight (ON)"
cultures of BL21 (DE3) and Rosetta™(DE3) contain-
ing the plasmid were diluted 1:100 into 5 ml of fresh
culture media. These cultures were then incubated at
37°C while they were shaken until the Optical Density
(OD) 600 reached 0.5. Subsequently, 1 ml of each cul-
ture was centrifuged, and the resulting cell pellets were
stored at -20°C for later analysis. The remaining cul-
ture had IPTG (Sigma-Aldrich, Germany) added to a
final concentration of 0.5 mM and was further incubat-
ed with shaking at 37°C for 3 hr and ON. For protein
expression analysis, 1 ml samples from these cultures
were centrifuged to collect the cells, which were then
analyzed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) using a gel consisting
of a 10% separating gel and a 5% stacking gel. Finally,

Avicenna Journal of Medical Biotechnology, Vol. 17, No. 2, April-June 2025

123



124

Optimization of RfxCasi3d in £. coli

The SDS-PAGE of separated proteins was visualized
through staining with Coomassie Brilliant Blue.

Western blot

Western blot analysis involved the electro-transfer
of proteins onto Amersham Protran 0.2 NC nitrocellu-
lose Western blotting membranes at a setting of 30 mA
for 14 hr, following the modified protocol provided by
Sambrook et al 2°. The membranes were blocked for 3
hr in Tris-Buffered Saline-Tween (TBST) containing
3% nonfat milk, washed three times with TBST, and
incubated for 3 hr with Mouse Anti-His Tag HRP-
conjugated Monoclonal Antibody (Catalog #MAB-
050H, 1:4000). The protein band was detected using an
ECL kit (Catalog #:B111420, PARS Co. Mashhad, IR
Iran) using FUSION FX chemiluminescence and fluo-
rescence imaging.

Experiment designs

The factorial RSM-BBD methodology was em-
ployed to examine the effects of four independent vari-
ables including induction temperature, IPTG concen-

tration, cell density at induction, and post-induction
time (3 hr and ON), on RfxCas13d protein expression.
The levels tested for each factor are presented in table
1. This analysis utilized Minitab 17 software to con-
duct 26 experimental runs. Statistical analysis through
ANOVA 30 was applied to determine significant varia-
bles impacting protein expression. Expression levels of
RfxCas13d in all experiments were quantified using
high-quality images captured from SDS-PAGE gel
evaluated with AlphaEaseFC and ImageJ software.

Purification of the soluble portion of recombinant rfxcas-
13d

For purification, the soluble fraction of the recombi-
nant rfxcas13d from a 100 ml culture under optimal
conditions was resuspended in 25 ml of Lysis buffer
(50 mM NaH2PO., 300 mM NacCl, 10% v/v glycerol, 20
mM BME, pH=8.0) and maintained at 4°C. The cells
were then sonicated for 20 min at 80% amplitude with
intervals of 30 s on and 60 s off using bandelin sono-
puls homogeniser while being maintained on ice. Fol-

Table 1. Displays factor values and responses according to the Box-Behnken experimental design

Runorder Stdorder Pttype Blocks #0*10 #Te #l #Ti Response Predict
1 1 2 1 5 16 625 3h 3.502627 3.456219
2 9 2 1 6.5 16 250 3h 3.327496 3.669004
3 5 2 1 5 26.5 250 3h 3.502627 3.423109
4 21 2 1 8 26.5 1000 ON 5.604203 5.615502
5 3 2 1 5 37 625 3h 2.364273 2.606998
6 8 2 1 8 26.5 1000 3h 2.451839 2.447629
7 2 2 1 6.5 16 625 3h 3.415061 2.382451
8 13 0 1 6.5 26.5 625 3h 2.014011 3.017254
9 19 2 1 8 26.5 250 ON 7.005254 7.016553
10 7 2 1 5 26.5 1000 3h 4.640981 4.67092
11 18 2 1 5 26.5 250 ON 2.714536 2.528812
12 16 2 1 5 37 625 ON 1.926445 2.251584
13 20 2 1 5 26.5 1000 ON 3.502627 3.360686
14 22 2 1 6.5 16 250 ON 3.765324 4.266908
15 4 2 1 8 37 625 3h 2977233 3.285632
16 10 2 1 6.5 37 250 3h 3.940455 3.598241
17 11 2 1 6.5 16 1000 3h 2.451839 2.793347
18 17 2 1 8 37 625 ON 7.267951 7.408326
19 25 2 1 6.5 37 1000 ON 6.392294 6.412267
20 14 2 1 5 16 625 ON 1.751313 1.6071

21 23 2 1 6.5 37 250 ON 5.779335 5.68985
22 15 2 1 8 16 625 ON 3.502627 3.192915
23 12 2 1 6.5 37 1000 3h 5.341506 4.736595
24 6 2 1 8 26.5 250 3h 3.590193 3.432742
25 24 2 1 6.5 16 1000 ON 2.62697 2.975314
26 26 0 1 6.5 26.5 625 ON 4.640981 4.154042

#l (IPTG Concentration), Te (Temperature), O (Od600 nm before induction), and Ti (post-induction time).
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lowing sonication, the lysate was centrifuged at 12,000
rpm for 25 min, and the pellet was removed and dis-
carded. The supernatant was then purified using Ni-
NTA agarose affinity chromatography under native
conditions, following the manufacturer’s protocol
(DNADioteck, Iran). The column was washed with
buffers containing 20 mM imidazole, and subsequently,
the RfxCas13d protein was eluted using 250 mM imid-
azole. The quantification of the concentration of the
purified protein was performed using the Bradford as-
say method and Bovine Serum Albumin (BSA) (Sig-
ma-Aldrich) was utilized to prepare the standard curve
31

Results

Initial expression analysis

Initially, the recombinant protein's authenticity was
confirmed through Western blot analysis, where the
specific protein band's location was identified (Figure
1A). Furthermore, the protein expression was analyzed
at two distinct intervals, 3 hr and ON, within BL21
(DE3) and Rosetta™ (DE3) strains. This assessment
involved visual inspection of the protein bands on an
electrophoresis gel, revealing no significant differences
in protein expression between the two strains (Figure
1B). However, the presence of additional protein bands
was significantly higher in the Rosetta™ (DE3) strain
compared to the BL21 (DE3) strain, which could in-
crease the complexity of downstream purification due
to the presence of additional protein bands. Conse-
quently, protein expression was fine-tuned specifically
for the BL21 (DES3) strain.

Optimization of recombinant RfxCas13d expression

The RSM-BBD approach was employed to evaluate
the effects of four variables- temperature of induction,
IPTG concentration, cell density at induction, and post-
induction time- on RfxCas13d expression. A four-level

A kDa _ B b2 kDa 24
-180— - -180— —

-—130— — -130— NN
-95— N -95— —
-72— - -T2—
-55— - -55— FN—
-43— | — S43—  —
-34 — | - -34— e
-26— . 26— e
=17 — - =17 — -

Figure 1. A) Displays the results of a Western blot analysis for the
RfxCas13d protein. The recombinant RfxCas13d protein has a mo-
lecular weight of 113 kilodaltons, which aligns with the band ob-
served in the Western blot. B) Provides a preliminary evaluation of
protein expression in BL21 (DE3) and Rosetta™ (DE3) strains.
Columns 1 and 2 represent expression in Rosetta™ (DE3) at 3 hr
and ON post-induction, respectively, while columns 4 and 5 show
expression in BL21™ (DE3) at the same time points. Protein expres-
sion levels showed no notable difference between the two strains.

Figure 2. Displays RfxCas13d expression in SDS-PAGE under 26
different cultivation conditions as designed by RSM. Lane M fea-
tures a protein marker, while other lanes represent various experi-
mental conditions. Turbidity values for these experiments were cal-
culated using AlphaEaseFC software.

BBD incorporating 26 experimental runs was adopted.
The expression levels of RfxCas13d across all trials
were quantified through images obtained from SDS-
PAGE gels and AlphaEaseFC software (Figure 2). The
outcomes derived from these BBD experiments regard-
ing RfxCas13d expression are summarized in table 1.
Quadratic regression models for optimizing RfxCas13d
expression were validated and confirmed through Ana-
lysis of Variance (ANOVA), with a p-value below 0.05
indicating statistical significance. ANOVA highlighted
the model's significant impact on RfxCas13d expres-
sion (p-value <0.05) (Table 2). The normal probability
plot illustrates the normal distribution of the residuals.
In the Versus Fits Plot and the Versus Order Plot, the
residuals exhibit random scatter, indicating that the
model is well-fitted (Figures 3A-C). Validation tests
corroborated that the experimentally obtained produc-
tion values closely matched those predicted statistical-
ly, thereby verifying the model's accuracy. Figure 3D
displayed a correlation of 0.97 and a p-value <0.05,
suggesting a strong linear relationship between ob-
served and predicted values.

Regarding the total protein production of RfxCas-
13d, ANOVA revealed significant model terms includ-
ing Te, I, Ti, 12, Te*Ti, Te*l, O*l, O*Te, and O*Ti,
while other terms were not significant due to p-values
exceeding 0.05, leading to their exclusion (Table 2).
Consequently, a simplified second-order polynomial
equation was formulated for protein expression (re-
sponse) based on significant factors, represented as |
(IPTG concentration), Te (temperature), O (OD600 nm
before induction), and Ti (post-induction time) (Equa-
tion).

Time and the interaction between OD600 nm before
induction and time were identified as having the most
substantial influence on the response. These were
followed by temperature, the interaction of OD600 nm
before induction with temperature, the square of IPTG
concentration, as well as the interactions between
temperature and time, IPTG concentration and OD600
nm before induction, and IPTG concentration (Figure
4). The interaction effects between these independent
variables were further explored through three-dimen-
sional response surface graphs (Figure 5).
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Table 2. Investigation of variance (ANOVA) for the full quadratic model concerning RfxCas13d production is detailed

Source Degrees of freedom Adjusted sum of squares  Adjusted mean squares F-value pn-value
Model 13 56.6506 4.3577 13.43 0
Linear 4 23.2495 5.8124 17.92 0
#0O 1 0.6314 0.6314 1.95 0.188
#Te 1 5.1733 5.1733 15.95 0.002
#l 1 2.4958 2.4958 7.69 0.017
#Ti 1 17.9575 17.9575 55.36 0
Square 3 6.253 2.0843 6.43 0.008
0*0 1 0.6401 0.6401 1.97 0.185
Te*Te 1 0.1223 0.1223 0.38 0.551
1*1 1 3.534 3.534 10.89 0.006
2-Way Interaction 6 29.5799 493 15.2 0
O*Te 1 5.0975 5.0975 15.71 0.002
O*l 1 2.493 2.493 7.68 0.017
O*Ti 1 17.8192 17.8192 54.93 0
O*l 1 2.0281 2.0281 6.25 0.028
Te*Ti 1 2.1402 2.1402 6.6 0.025
I*Ti 1 0.173 0.173 0.53 0.479
Error 12 3.8928 0.3244

Total 25 60.5434 - - -

# 1 (IPTG concentration), Te (Temperature), O (OD600 nm before induction), and Ti (post-induction time).
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Figure 3. Diagnostic Plots for the Quadratic Models. A) Normal Probability Plot: This plot demonstrates that the residuals—the differences between
observed and predicted values—are normally distributed. The alignment of points along the reference line supports the assumption of normality. B)
Versus Fits Plot: This plot exhibits an ideal pattern, with residuals randomly dispersed around zero. The absence of any systematic trends or patterns
indicates that the model fits the data well. C) Versus Order Plot: This plot was used to detect any time-dependent patterns or autocorrelation. The
random scattering of residuals suggests no issues related to the order of observations. D) Matrix Plot of Response and Predictors: This plot presents a
strong correlation matrix between the response variable and the predictors. It highlights the relationships and dependencies among the variables,
indicating a well-structured model.

Time=Ti Equation
3hr Response = 6.28-0.00431 1-0.324 Te+0.000006 1*1+0.0567 O*Te—-0.000992 O*1+0.000128 Te*|
ON Response = -3.83-0.00486 1-0.253 Te+0.000006 1*1+0.0567 O*Te—0.000992 O*[+0.000128 Te*|

The range of recombinant protein expression levels from 1.75 to 7.27% turbidity as shown in table 1. Fol-
varied widely across the 26 designed experiments, lowing the identification of optimal conditions (IPTG
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T*1
6%

O*Te
9%

Figure 4. Evaluation of the effect of the significant parameters on
RfxCas13d expression, calculated by the sum of squares index. |
(IPTG concentration), Te (temperature), O (OD600 nm before induc-
tion), and Ti (post-induction time).

concentration=250 pM, temperature=37°C, OD600 nm
before induction=0.8, and post-induction time at ON),
recombinant RfxCas13d protein expression was exe-
cuted and subsequently characterized by SDS-PAGE,
as depicted in figure 6A. This characterization aimed to
assess the model's suitability. The experimental out-
come was then compared with data from the optimum
point and predictive protein levels. The numerical
equivalent of the predicted turbidity and the experi-
mental result were calculated with Image J and Al-
phaEaseFC software, which were 8.45 and 8.2, respec-
tively.
Protein purification

Initial tests on the expression of RfxCas13d recom-
binant protein under optimal conditions indicated that
half of the protein was found in the soluble phase. The
recombinant RfxCas13d protein was then successfully
fractioned using a Ni-NTA affinity chromatography
column (Figure 6B) and quantified using the Bradford
assay. A concentration of 3.6 mg/100 ml cell culture of
the soluble protein was achieved under these optimal
conditions.

Surface plots of response
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Figure 6. A) SDS-PAGE under optimal cultivation conditions is
shown, induced (1), uninduced (UIl), and protein molecular weight
marker (M). B) RfxCas13d purification using a Ni-NTA column is
shown, with eluted protein fractions (E1, E2, and E3), wash (W),
flow-through (FT.), before column (BC) and protein molecular
weight marker (M).

Discussion

RfxCas13d, also referred to as CasRx is a prominent
member of the Cas13 family known for its ability to
degrade lateral transcripts when targeting both abun-
dant reporter RNAs and native RNAs. This characteris-
tic has facilitated the use of the Cas13 family in detec-
tion of specific RNA transcripts. Techniques such as
SHERLOCK have been developed utilizing this capa-
bility 1213, Additionally, techniques like microinjection
involving gRNA and the purified RfxCas13d protein
into animal embryos have proven effective in silencing
particular transcripts 2. The pET28b-RfxCas13d-His
system (Addgene #141322) was used for expression.
This system includes a kanamycin resistance gene and
utilizes the T7 promoter, regulated by the lac promoter
sequence, to drive RfxCas13d expression. The RfxCas-
13d segment of this plasmid originates from pT3TS-
RfxCas13d, and the humanized RfxCas13d sequence
may influence its bacterial expression” for clarity and
conciseness . The distinct advantage of this bacterial
expression plasmid over others containing RfxCas13d
is its lack of a fusion partner sequence, allowing for
post-expression purification through immobilized met-
al affinity chromatography. Previous research selected
bacterial expression plasmids with the humanized

Surface plots of response
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Figure 5. A three-dimensional response surface illustrates the expression of RfxCas13d. This figure examines the impact of two variables while main-
taining the other two at zero levels. | (IPTG concentration), Te (temperature), O (OD600 nm before induction), and Ti (post-induction time).
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RfxCas13d sequence from the Rosetta™ strain for ex-
pressing RfxCas13d *. Rosetta™ host strains, which
are derivatives of BL21, are engineered to boost the
expression of eukaryotic proteins featuring infrequent-
ly used codons in E. coli. These strains carry tRNAs
for AGG, AGA, CCC, CUA, AUA, and GGA codons
on a chloramphenicol-resistant plasmid, facilitating a
more universal translation that might be confined by E.
coli codon usage 34 Nevertheless, protein expression
remains an empirical process, and studies have demon-
strated successful expression in BL21 strains of pro-
teins containing rare codons %. In this investigation,
the pET28b-RfxCas13d-His plasmid was transformed
into both strains, and initial observations of RfxCas13d
protein expression were made. The visual findings in-
dicated no significant differences in the target protein
between the two strains. However, due to excessive
non-target protein bands in the Rosetta strain, the BL21
strain was chosen for further exploration to refine ex-
pression using the RSM. In this study, we employed an
RSM approach to examine how variations in IPTG
concentration, temperature, OD600 nm before induc-
tion, and post-induction time impact the efficiency of
RfxCas13d expression.

The ideal conditions for producing recombinant pro-
teins are affected by multiple factors. It is important to
recognize that the overexpression of proteins using
plasmid DNA can impose a metabolic load, potentially
disrupting growth rates and diminishing biomass ac-
cumulation. Such disturbances may lead to instability
in plasmid DNA. The maximum specific growth rate is
capped by the commencement of glucose overflow
metabolism and the production of acetate, both of
which negatively impact recombinant protein produc-
tion. Consequently, it becomes crucial to establish op-
timal expression conditions. In this context, RSM
stands out as a highly precise multivariate analysis
technique capable of altering multiple parameters sim-
ultaneously 3638 Critical factors identified for efficient
recombinant protein production that require optimiza-
tion, including IPTG concentration, induction timing,
cell density, and temperature. Lowering IPTG concen-
trations can moderate transcription rates and enhance
the production of soluble proteins. Typically, IPTG
concentrations range from 0.1 to 1.0 mM for inducing
protein expression, but reducing these concentrations
further can influence solubility 3°. Determining the
optimal OD for induction is essential for maximizing
expression levels. It is also noted that extending the
incubation period post-induction does not invariably
lead to increased expression levels. Over extended cul-
ture periods, proteases may degrade heterologously ex-
pressed proteins. Thus, optimizing expression duration
minimizes degradation and reduces costs “°.

Traditionally, adjusting one variable at a time while
holding others constant has been the approach to opti-
mize protein expression, though this method necessi-
tates numerous experiments and may result in misin-

terpreted interactions between variables. RSM offers a
robust alternative to address these challenges. In the
present study, the significance of the mathematical
model was confirmed with a low p-value (less than
0.05). Validation tests comparing experimental out-
comes with predictions from the model demonstrated a
strong linear correlation, evidenced by a correlation
coefficient of 0.97 and a p-value <0.05.

ANOVA results highlighted significant model terms
such as Te, O, Ti, 12, Ti*Te, Te*l, O*l, O*Te, and
O*Ti, with the interaction between OD600 nm before
induction and time post-induction showing the most
substantial impact on protein expression levels. Addi-
tionally, turbidity measurements using Image J and
AlphaEaseFC software under predicted optimal condi-
tions (IPTG concentration=250 pM, temperature=
37°C, OD600 nm before induction=0.8, and time after
induction=ON) revealed a significantly high turbidity
of the protein band, indicating successful expression.

In this study, the optimization of four factors- IPTG
concentration, temperature, OD600 nm before induc-
tion, and time after induction-led to a significant in-
crease in RfxCasl3d expression. However; potential
limitations must be acknowledged and further investi-
gation is needed to address challenges such as the
scalability of the optimized conditions and potential
variations in performance when using different bacteri-
al strains.

Conclusion

This study establishes that all selected factors- IPTG
concentration, temperature, OD600 nm before induc-
tion, and post-induction time- critically affect RfxCas-
13d expression. Applied RSM pinpointed the optimal
values of these selection factors for producing recom-
binant RfxCas13d. This marks the first evaluation of
the collective impact of these factors on RfxCas13d ex-
pression. Further investigation and optimization of key
parameters influencing protein expression and down-
stream processes using RSM, along with exploring
RfxCas13d expression in alternative host systems, will
enhance our understanding of the ideal conditions for
maximizing RfxCas13d expression.
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