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Thematic Center for Intelligence Bioengineering
The Thematic Center for Biomedical Applications has long served as a hub for the
development of cutting-edge tools and techniques that enable the exploration of
intricate biological systems. Historically, our team members have operated
independently, concentrating on specific areas such as advanced microscopy,
microfluidic systems, biosensors, and drug design and delivery. As the scientific
landscape progresses, we acknowledge the necessity to shift our focus from
fundamental science to engineering research, aiming to transform our discoveries into
practical applications that directly impact human health and well-being. Today, we
understand the importance of adopting state-of-the-art technologies, such as artificial
intelligence (Al) and automation, to maintain our competitive advantage in the rapidly
evolving field of bioengineering. In alignment with this renewed focus, we propose
renaming our center to the "Thematic Center for Intelligence Bioengineering" to more

accurately represent our emerging scope and ambitions.

The incorporation of artificial intelligence (Al) and automation into our engineering
research efforts is essential for staying at the forefront of bioengineering innovation.
These technologies can enhance our research capabilities across various disciplines,
including advanced imaging, drug delivery, and design, microfluidics, and biosensors.
Our center has long been pioneering advanced imaging researches, as evidenced by
our extensive work in super-resolution microscopy, expansion microscopy, lightsheet
microscopy, intravital imaging, and mass imaging. These techniques have enabled us
to probe the depths of biological systems with unprecedented resolution and
sensitivity, facilitating discoveries that have far-reaching implications for medicine,
biology, and materials science. By integrating Al and automation into our research
efforts, we will be able to enhance the capabilities of our imaging technologies and

extend their application to new and exciting areas of inquiry.

Drug delivery and design have been another area of focus for our center, with group
members actively engaged in the development of novel drug delivery systems using
nanoparticles and computational simulations. Al has already made significant inroads
into drug discovery, and by integrating machine learning algorithms into our research,
we will be able to expedite the design and optimization of drug molecules and delivery

systems. The adoption of Al and automation will also facilitate the high-throughput
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screening of drug candidates and enable the identification of potential therapeutic

targets in a more efficient and cost-effective manner.

Our center's work on microfluidic systems and biosensors has the potential to
revolutionize the field of precision medicine, paving the way for personalized
diagnostics and therapeutics. The integration of Al and automation into these
research areas will enable us to develop more accurate, sensitive, and reliable
diagnostic tools and devices, thereby improving patient outcomes and reducing
healthcare costs. Furthermore, Al-driven data analysis will facilitate the identification

of disease biomarkers, allowing for early diagnosis and intervention.

The adoption of Al and automation in the field of bioengineering is no longer a
futuristic concept but rather an essential component for continued success in this
rapidly evolving discipline. By incorporating these technologies into our research
programs, we will be able to maintain our position as a leading international center
for bioengineering research, attract top talent, and secure funding for cutting-edge
projects. Moreover, the integration of Al and automation into our research will
provide valuable opportunities for interdisciplinary collaboration, fostering innovation

and driving the development of novel technologies and applications.

The proposed renaming of our center to the "Thematic Center for Intelligence
Bioengineering" highlights our commitment to transitioning from basic science to
engineering research and emphasizes the importance of translational research. This
shift in focus reflects our center's dedication to driving innovation in bioengineering,
fostering interdisciplinary collaboration, and translating our research findings into

real-world applications that directly impact human health and well-being.

In the new Thematic Center for Intelligence Bioengineering, we will form several
research clusters focused on tackling specific bioengineering challenges, such as
studying the 3D microenvironment of tumor cells, high-performance drug discovery,
and digital biosensing using patient-derived organoids. These clusters will bring
together researchers with expertise in advanced microscopy, microfluidics, biosensors,
and drug design and delivery, fostering a synergistic environment that encourages

collaboration and innovation.
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By creating an integrated platform that combines our state-of-the-art tools and
techniques, we can better study complex biological systems, such as single-cell
analyses using advanced microscopy and spectroscopy. This integrated approach will
enable us to streamline our research efforts, optimize resource allocation, and

accelerate the pace of discovery.

The Thematic Center for Intelligence Bioengineering is dedicated to fostering
innovation and facilitating interdisciplinary collaboration to tackle significant
challenges in bioengineering. By recruiting principal investigators (Pls) with expertise
in machine learning and automation, the thematic center is well-positioned to
leverage state-of-the-art technologies and methodologies, accelerating the
commercialization of existing techniques and conducting groundbreaking research. In
the following section, we present a five-year thematic project aimed at promoting
cooperation among various groups and expediting the development and

commercialization of pioneering bioengineering solutions.

Title: Transforming Bioengineering through Advanced Imaging and Integrated Drug
Discovery: A Five-Year Thematic Project for the Thematic Center for Intelligence

Bioengineering

Introduction

The Thematic Center for Intelligence Bioengineering is dedicated to driving innovation
and fostering interdisciplinary collaboration to tackle pressing challenges in
bioengineering. In this five-year thematic project, the center will focus on two major
themes: the development of advanced imaging techniques and the establishment of
an integrated platform for high-performance drug discovery. Both themes aim to
address crucial problems in bioengineering and will leverage cutting-edge technology,
including machine learning and automation, to deliver transformative solutions. The
center has also recruited principal investigators (Pls) from other thematic centers with
expertise in machine learning and automation to strengthen its research capabilities

and facilitate cross-disciplinary collaboration.
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Theme 1: Development of Advanced Imaging Platforms

This theme aims to revolutionize the study of 3D biological specimens by developing
advanced imaging techniques that combine high spatial resolution, depth, and
molecular information. The following subprojects will address key challenges in this

area:

Subproject 1.1: High-resolution 3D imaging platform

Objective: Establish a platform that integrates lightsheet microscopy, localization-
based super-resolution microscopy, and expansion microscopy (ExM) to obtain 3D
images of larger samples with a resolution similar to electron microscopy.

Approach: Develop and optimize imaging hardware and software for seamless
integration of these techniques. Apply machine learning algorithms to process and

analyze the vast amounts of data generated by the platform.

Subproject 1.2: Label-free microscopy techniques

Objective: Develop label-free microscopy techniques for non-invasive imaging and
analysis of biological samples.

Approach:

Develop non-interferometric wide-field optical profilometry (NIWOP) to measure the
membrane roughness of living cancer cells treated with various anticancer drugs.
Develop Al-assisted viability analysis methods for multiple single cells using phase-
contrast image (PCl) and Raman spectroscopy for single-cell enzymatic activity
quantification.

Develop ion beam microscopy that preserves molecular structures to visualize the
molecular distribution in three-dimension and enable the tandem mass for
determination of molecular structure with high spatial resolution.

Implement machine learning algorithms, such as E-U-Net and visual geometry group

(VGG), for image processing and analysis.

Subproject 1.3: Real-time intravital imaging
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Objective: Develop advanced intravital imaging techniques to provide real-time
insights into the behavior of tumor cells and immune cells within living organisms.

Approach: Design and optimize optical systems and probes for high-resolution,
minimally invasive imaging of live animals. Develop software tools for real-time image

analysis and visualization.

Subproject 1.4: Validation of advanced imaging tools

Objective: Validate and optimize tools developed in previous subprojects.
Approach: Utilize electron microscopy and mass imaging to compare the performance
of the new imaging techniques with established methods. Refine methodologies as

needed based on the validation results.

Theme 2: Integrated Platform for High-Performance Drug Discovery

This theme aims to establish an integrated platform for high-performance drug
discovery, incorporating intelligence computation, efficient chemical synthesis, digital
biosensing, and patient-derived organoid models for drug testing. The following

subprojects will address key challenges in this area:

Subproject 2.1: Ultra-large-scale virtual screening

Objective: Harness computing resources and intelligence computation methods to
screen compound libraries with over 100 million chemical molecules within a day using
structure-based docking approaches.

Approach: Develop and optimize computational algorithms for efficient virtual
screening. Utilize cloud computing resources, such as Amazon Web Service (AWS), to

enable large-scale computation.

Subproject 2.2: Rapid chemical synthesis

Objective: Develop criteria for the design of virtual chemical libraries and explore the

potential for automating chemical synthesis using microfluidic devices to generate
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chemical molecules within a few weeks.
Approach: Design and optimize microfluidic devices for automated chemical synthesis.
Develop machine learning algorithms for predicting the synthetic feasibility of virtual

molecules and guiding the design of virtual chemical libraries.

Subproject 2.3: Digital biosensing for improved binding assessments

Objective: Implement digital biosensing techniques to enhance the detection of low-
affinity compounds in the early stages of drug discovery.

Approach: Develop and optimize biosensors, such as plasmonic chips and force
sensors, for high-sensitivity detection of molecular interactions. Incorporate machine
learning algorithms for real-time data analysis and decision-making in drug discovery

workflows.

Subproject 2.4: Patient-derived organoid models for drug testing

Objective: Collaborate with medical professionals to create effective patient-derived
organoid models for the validation of drug candidates in a more correlative manner.
Approach: Establish standardized protocols for the generation and maintenance of
patient-derived organoids. Develop high-throughput screening methods using these
organoid models, incorporating advanced imaging techniques and digital biosensing
to assess drug efficacy and toxicity.

Conclusion

This five-year thematic project is designed to address critical problems in
bioengineering by focusing on two major themes: advanced imaging and integrated
drug discovery. Through the development of cutting-edge technologies and
methodologies, interdisciplinary collaboration, and the expertise of recruited Pls, the
Thematic Center for Intelligence Bioengineering aims to transform the field of
bioengineering, delivering innovative diagnostics and therapeutics that directly
benefit patients and healthcare professionals. As the project progresses, the center
will continue to evolve, adapt, and grow, ensuring its position as a global leader in

bioengineering and making a lasting impact on human health and well-being.
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Name Affiliation/Address
1 | AHEPEL(EEAN) Department of Chemistry, National Taiwan University
Academician Chung-Yuan Mou(Chair)
2 | Prof. Jackie Y. Ying Institute of Institute of Materials Research and

Engineering, A*STAR, Singapore

3 | EFEEL Department of Engineering and Applied Science,
Academician Yu-Chong Tai California Institute of Technology

4 | PREEIE[ET- Center for Condensed Matter Sciences, National
Academician Li-Chyong Chen Taiwan University

5 Prof. Hiroaki MISAWA Research Institute for Electronic Science, Hokkaido

University, JAPAN

6 JLEEpT Department of Physics, University of Illinois
Academician Tai Chang Chiang

7 | TR The Division of Physics, Mathematics and Astronomy,
Prof. Nai-Chang Yeh California Institute of Technology

Subject: Rename of Thematic Center in RCAS, vote by May 14, 2023

There are four thematic centers in RCAS, and one of them, Biomedical Applications, has long
served as a hub for the development of cutting-edge tools and techniques that enable the
exploration of intricate biological systems. Considering the importance of adopting state-of-the-
art technologies to maintain competitive advantage in the rapidly evolving field of
bioengineering, RCAS proposes renaming the “Thematic Center for Biomedical Applications” to
the "Thematic Center for Intelligence Bioengineering" to more accurately represent emerging
scope of the center toward bioengineering. Please refer to the attachment for more details.

This plan of renaming the Thematic Center had been reviewed by the RCAS faculty meeting held
on April 27, 2023, and received unanimous support from all faculty members. RCAS would now
like to seek the support and comments from our Advisory Board. Please refer to the following
link to vote on this proposal. (https://forms.gle/qfZDTdwRSzCztngE6 )
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https://forms.gle/qfZDTdwRSzCztnqE6

Upon receiving the support from most of committee members, RCAS shall submit this proposal
to the Academy Council for subsequent deliberation. If you have any comments for the case,
please also send it to me together with your vote.

| look forward seeing you in our coming advisory board meeting in September.
Best regards,

Chung-Yuan Mou

Chairman, Advisory committee of RCAS

Academician of Academia Sinica

Professor Emeritus, Distinguished Chair Professor for Research
Department of Chemistry, National Taiwan University

® zgree
® disagree

REER | EH—RZFEB.
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	附件7-修正版_關鍵議題研究中心規劃書-院務會議提案.pdf
	摘要
	壹、 設立中央研究院「關鍵議題研究中心」之緣由
	貳、 關鍵議題研究中心之定位及法源與設立程序
	參、 關鍵議題研究中心組織架構
	肆、 整體效益評估與計畫推動機制
	伍、 人員規劃與經費需求
	陸、 本院規劃加入關鍵議題研究中心的專題中心與研究計畫

	附件8_總務處--處務規程修正草案0628.pdf
	附件8-2_南院服務處設立規劃書_1120628-1.pdf
	本院主要任務為從事尖端基礎研究，一向致力於營造優質的學術研究環境，讓研究人員可以進行深度探索，貢獻於科技及學術的前瞻發展。為持續引領國家學術發展，培育高階研究人才與政府新創產業政策以厚實國力，自101年開始本院呈請總統府函請行政院評估本院南部院區設置事宜，經與交通部鐵道局、臺南市政府多次協商後，擇定以專案方式取得臺南高鐵特定區設置南部院區。
	廖院長105年向蔡總統報告南部院區之構想，以最先進的研究將南部院區打造成台灣甚至全世界科研發展的另一重要推動基地；綜合規劃書經總統府106年交行政院審議，於106年7月14日行政院函總統府業經交據國發會審議獲致結論原則同意在案，設置於高鐵臺南車站特定區產業專用區E區(7.3公頃)，後續以分階段開發方式進行。第一階段工程含研究大樓I、溫室及全區公共工程，已於109年9月竣工後進駐營運；第二階段工程含研究大樓II及綜合大樓，將於112年竣工、取得使用執照及驗收。
	109年期間量子2.0科技正逐漸形成，本院在量子科技研究已有深厚基礎，且本院為臺灣基礎科學的研究核心，有責任聚集、培育和延攬頂尖量子研究團隊，連結國內學術資源以打造未來量子產業急需的國家級量子科技研究基地。又南部院區鄰近南部科學園區及學術單位，未來可以更容易、更緊密的進行共同研發與產學交流。因此本院決定於南部院區發展量子科技，於109年12月研提發展量子科技及興建實驗大樓規劃，並於剛竣工之研究大樓II內增加量子電腦實驗室；另於南部院區留設空地興建量子實驗大樓，目前進行設計及申請建造執照工作，預計於...
	南部院區將有大量研究及行政團隊進駐，除學術行政事務將交由進駐南部院區之所中心負責外，為提供優質學術研究環境以及高效率的在地行政之支援及服務，其餘事務擬由成立「南院服務處」統籌南部院區之維運及行政服務。
	南部院區第一期研究大樓完工後，目前已進駐農業生技研究團隊約80餘人，並已建立全國唯一完成轉殖基因植物調查之植物基因轉殖溫室。未來第二期研究大樓竣工，預定進駐：量子光電專題中心、量子電腦專題中心、次世代太陽能電池計畫及海洋能專題中心等，並將進駐人文社會科學相關領域研究團隊。
	南部院區位於沙崙智慧綠能科學城範圍內，以目前中央及臺南市政府發展軸線，該區已有國科會、經濟部與臺南市政府跨域合作，更與周邊成大、交大、台糖形成聚落，同時成立沙崙智慧綠能科學城辦公室統籌區域發展及合作相關事宜，近來亦頻頻期待本院南部院區提供協助與共同合作；因此，南部院區未來將與中央相關部會、學校、臺南市政府及其他公私部門有緊密的合作發展機會。另外為院區發展之必要新建與維護工作，將涉及地方主管機關規定，如建築法規、消防法規、勞動法規及環境保護安全等，故南院服務處將成為南部院區對外聯絡及溝通協調的窗口。
	綜上，籌設南院服務處對內負責南部院區學術研究環境之相關營運管理及提供軟硬體服務工作，對外作為與中央、地方政府與各公私部門之溝通協調窗口，同時南部院區位於臺南市，與臺北院區具有極大之地域差異性，未來南院服務處將可就地利之便建立良好的溝通管道，故其設立實屬必要。
	為院本部轄管之行政管理單位，掌理南部院區之行政發展規劃、營運維護及行政服務業務，與院本部之各項事務協調及聯繫；對外代表南部院區作為與中央及地方單位連絡之窗口。
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