
1、 會議經過
本次會議的開場由日本東京大學的Fumihito Arai教授給的演講，演講的主題是發展晶片上機器
人技術，結合感測器與傳感器，未來的世界會需要越來越多的晶片用於環境監測、老人醫療、
運動管理等等，因此目前持續的發展各式感測器與傳感器的結合。聽完開場的演講後，我就開
始準備即將到來的個人報告，報告的內容如下圖所示，右上是鏡頭前的我，下面三位是聽眾。
在過程中，我依序介紹實驗目的、發展的技術、量測結果與分析方法，在呈現上以直版的投影
片介紹為主，但後來發現其他人的報告是改成橫版的投影片介紹，這樣就可以不用將投影片上
下滑動。大家所問的問題我有紀錄下來如投影片下方的呈現，主要分為結果的討論與分析的方
法，有些問題是當下聽眾的提問我才發現的有趣結果！

Questions from floor.
1. Thao: It should be negative dielectrophoresis (type wrong).
2. The error bar for positive dielectrophoresis is bigger than the one for negative dielectrophoresis.

Why is it?
3. The DEP velocity spectrum of day 2 is different from others espectially in high frequency regions

(The DEP velocity at 38.6 MHz decreases significantly). What is the meaning behind it?
4. The scale bar needs to be added in figures (lots of people ask the size of cell and the gap between

electrodes).
5. How’s the equation deduced? What’s the amptuide of electric field square gradient? Can you do

the experimential measurement and compare with theoretical calculation on the amptuide of
electric field square gradient?

6. How’s the image processing program working? It is similar to the work present by Dr. Daniel
Geiger. (view poster of NOVEL IMAGING BASED HIGH-SPEED, HIGH-THROUGHPUT
ANALYSIS AND CONTROL SYSTEM FOR MICROFLUIDICS from Daniel Geiger)

接著我參加許多與我研究相關的論文發表，如下面呈現。
1. 使用電旋轉技術來量測鼻竇鱗狀細胞肉瘤的特徵用於癌症的研究。在癌症不同的生長週期
內，使用傳統的方法是相當難分別的，因此此研究應用非侵入式的電旋轉技術來量測不同
時期的癌細胞，結果顯示不同時期的癌細胞有相當大的差異，其旋轉速度會有兩倍之差，此



差異來自於細胞內部成分的不同，細胞膜與細胞質的電導度跟介電常數都有可能造成此差
異。



2. 使用柱狀電極量測細胞的特徵用於阿茲海默症的研究。目前阿茲海默症的疾病機制尚
未明朗，眾多的研究正在發展當中，此研究首先發展三維柱狀電極，此可以有效的執行電旋轉
實驗，接著量測細胞的電旋轉頻譜，想要探討在毒化下細胞上細胞膜的影響。結果呈現可以使
用量測細胞膜介電常數的改變來得知細胞膜團聚的現象，進而用於阿茲海默症的研究。



3. 使用新的成像系統進行電旋轉頻譜的採集。旨在解決諸如高通量之類的電旋轉問題，並
且他們的目標是無透鏡成像不僅可以提供高分辨率，而且還可以提供大視野。這個研究在未來
能結合電極矩陣來達到高通量的電旋轉頻譜量測，解決電轉轉技術最重要的問題。

2、 心得
化學與生命科學之微型化系統國際研討會 (MicroTAS) 是全世界最大的微型系統研討會，每年
與會人數多達1000人，發表論文也多達1000多篇，在各個不同的微型系統領域中，都能見到最
新的研究成果。因為本次會議改為線上舉行，難免會擔心與實體會議有差距，所幸大家都相當
捧場我的報告，所問的問題來自四面八方，包含我們發展的介電泳技術、影像辨識自動化程式
等等，有相當多的討論。印象最深的是來自Dr. Daniel Geiger的問題，他問了我影像處理程式的
運作方法，並分享說他也有做類似的相關產品並已經商業化使用，這讓我對微型系統能商業化
成商品更加有概念，且能將研究成果變成商品。

此外，線上舉辦的會議還有一個好處是有留下紀錄檔，當兩個報告時間衝突時，可以在事後回
去看紀錄檔兩者報告的紀錄檔，得知想聽報告的內容，但比較可惜的是沒有辦法認識到其他新
的研究人員，頂多在報告期間做討論而已。在會議舉辦之前，大會還有請我們上傳一分鐘的影
片介紹，並有影片人氣獎，得獎的影片都相當有創意，印象最深的是有一個影片是用唱歌的方
式來呈現自己的研究，把自己的研究做成定格動畫的方式呈現，相當吸睛。

在會議過程中，我參加許多的報告跟講座，無論在專業領域的知識，或是報告的呈現方式、影
片的製作等等，都讓我受益良多，同時也對微型系統的各種應用有更多的了解，目前台灣的主
流發展產業是半導體產業，希望未來能藉由這樣的基礎，來發展生物科技，應用在更廣的領域
，造福社會大眾。即便在國際疫情(COVID-19)非常嚴重的情況下，還是非常感謝這次的機會參
加國際級的研討會議。
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ABSTRACT
This study demonstrates a straightforward method for differentiating single microalgal cells in different
growth phases based on dielectrophoresis (DEP). The balance of DEP force and drag force leads to an
easy-to-use linear relation between DEP velocity and the real-part of the Clausius Mossotti factor, which
determines the velocity of DEP. The DEP velocity of microalgae in the stationary phase is slower than
microalgae in the exponential phase, owing to the cellular compositions changed during growth. Microalgal
cells in the stationary phase also showed a higher transition frequency than cells in the exponential phase.
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INTRODUCTION
Photosynthetic microalgae convert carbon dioxide into high-value metabolic products such as pigments,
proteins, and lipids. Microalgae produce metabolic products such as pigments, proteins, lipids in different
growth phases and the changes of cellular compositions can be considerable in a short period of time [1].
However, conventional analyses either are time-consuming or require fluorescent labels. Our previous study
showed that microalgae cells have apparent differences in dielectrophoresis and electrorotation between
generations and growth phases [2]. In this study, a straightforward method for identifying cellular status based
on dielectrophoretic movements is developed and applied to the monitor of microalgae in different growth
phases.

THEORY
Dielectrophoresis (DEP) force, as shown in equation (1), drives a cell to the highest (positive DEP) or lowest
(negative DEP) electric field regions, depending on the polarizability of the cell compared to its medium. The

direction of DEP force ( ) is determined by the real part of the Clausius Mossotti factor ( ).𝐹
→

𝐷𝐸𝑃
𝑅𝑒 𝑓

𝐶𝑀
ω( )[ ]

 𝐹
→

𝐷𝐸𝑃
 = 2π𝑅

𝑐𝑒𝑙𝑙
3 ε

0
ε

𝑚
𝑅𝑒 𝑓

𝐶𝑀
ω( )[ ]∇

→
𝐸

𝑅𝑀𝑆
2 (1)

where and respectively stand for the permittivities of the vacuum and the medium, is the radius ofε
0

ε
𝑚

𝑅
𝑐𝑒𝑙𝑙

the cell and is the angular frequency of applied electric field .ω 𝐸
When the movement of a cell is at steady state, dielectrophoresis force is balanced with the viscous drag as
shown in equation (2) [3]. In equation (2), v is the velocity of the cell and is the distance between the wallδ
and the microalgae cell. The velocity v, shown in equation (3), thus can be obtained by balancing equation (1)
and (2).
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EXPERIMENTAL
The microalgae Scenedesmus abundans was cultured in BG-11 medium. The growth was monitored by
UV/Visible spectrometry and dielectrophoretic movements. The growth of S. abundans was measured by a
spectrophotometer at wavelengths of 682 nm (OD682) and 220 nm (OD220), which represented the total
amount of chlorophylls and nitrate concentration, respectively. The dielectrophoretic movements were
measured between 4 planar parabolic electrodes (Figure 1a) with a 75 µm gap on the quartz wafer. The
electrodes were fabricated by conventional photolithography technology and the fluidic chamber was



constructed by 3M tapes. The conductivity of the medium was adjusted to 0.02 S/m for DEP measurement.
The electrodes were then connected to two-channel function generators (AFG3102, Tektronix, USA) with
electric signals of 3 Vpp, 180o phase shift, and 5 frequencies ranging from 37 kHz to 38.6 MHz. At each
frequency, at least 10 movements of microalgal cells induced by DEP forces were recorded during 5 seconds
by a high-speed camera with a frame rate of 100 fps.

RESULT AND DISCUSSION
The amount of chlorophylls and nitrate consumption of S. abundans were monitored daily to assess the growth
conditions of microalgae as shown in Figure 1b. The OD682 (total chlorophylls) doubled and OD220 (nitrate)
decreased by 68 % in the first fifth days. The rapid rates of chlorophylls increase and nitrate consumption are
a characteric of the exponential phase of microalgae. The much slower increase in OD682 and decrease in
OD220 after the 7th day of the reinoculation indicated the stationary phase had been reached. S. abundans
cells were subjected to dielectrophoresis at the second, fourth and eighth days after the reinoculation.
The DEP velocities of microalgae shown in Figure 1c indicated that DEP velocity of microalgae in the
stationary phase is slower than the one of microalgae in the exponential phase. Moreover, the movement of
microalgae in the exponential phase changed from negative DEP velocity to positive DEP velocity (i. e. the
transition frequency) at much lower frequency (253 kHz) compared with microalgae in the stationary phase
(436 kHz). The differences in the above dielectric behavior were the results of changing cellular compositions
during growth and can be applied to separate cells with different physiological status.

(a) (b) (c)
Figure 1: (a) Single microalgal cell trapped and moved to the center of the electrode set by positive DEP force. (b)
Growth curve of S. abundans (OD682) and the nitrate concentration in BG-11 medium (OD220). (c) DEP velocity of S.
abundans at different days after reinoculation.

CONCLUSION
This study demonstrated a straightforward method for discriminating microalgal cells in different growth
phases using dielectrophoresis. When DEP force is balanced by the drag force, the variation in dielectric
properties of microalgal cells at different physiological states lead to different DEP velocities. The DEP
velocity of microalgal cells in the stationary phase are slower than those in the exponential phase, making
DEP a straightforward method for separating microalgal cells in different growth phases.
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